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Abstract — This paper presents the design and implemen-
tation of an end-to-end QoS framework with self-adptive
bandwidth reconfiguration. The application implemerts two
types of routers, edge and interior. Edge routersdentify
traffic flows, mark the packets with their correspanding
type of service, and perform per-flow admission canol and
end-to-end bandwidth reservation. Both types of roters
implement a link state routing protocol and provide class-
based service differentiation. The main advantagefahis
framework is that it provides end-to-end QoS guaraties
with less overhead than the other. The applicatioiis devel-
oped in C# language for .NET platform and represergt a
part of a complex development tool designed for deloping
QoS frameworks and technologies such as traffic idéfica-
tion and marking, queue and congestion managemerttaf-
fic shaping and policy, specific protocols.

Keywords — End-to-End QoS Framework, Develop-
ment tool, Admission control, Bandwidth reconfigurdion,
QoS routing

I. INTRODUCTION

In high-speed next generation IP networks, audie co

ferences, video conferences, VolP, video telephang,
becoming imperative demands in a technological depe

ent society. With this high increasing demand, & ne

technology emerged, called Quality of Services,civhi
ensures that one less critical IP application (evgb
browsing) does not interfere with another crititRlap-
plication (e.g. video conference).

The service represents the traffic performanceigeal
to the client and is characterized by the QoS (Quaf
Service) parameters. In order to ensure these gaeasn
the provider implements QoS using specific techesqu

The main frameworks and technologies used for QeS a

Integrated Services, Differentiated Services, Nbuttio-

responding forwarding queues, and perform per-flow
admission control and end-to-end bandwidth resemvat
Both types of routers implement a link state rogitpro-
tocoland provide class-based service differentiation.

The rest of this paper is organized as follows:tiSec
Il provides background information related to QeSh-
nologies. Section Il describes related work bysprding
ODP [5] and its disadvantages, shows that the megho
framework is new and original and proposes new ap-
proaches to overcome these problems. Section IV de-
scribes the End-to-End QoS Framework with Self-
Adaptive Bandwidth Reconfiguration. Section V prase
further work and concludes the paper.

II. BACKGROUND

QoS represents the network capability to delivetele
services for the selected flows over different texth-
gies. The main goal of QoS is to provide prioritglud-
ing dedicated bandwidth, controlled latency anterjt
and improved loss characteristics. Also QoS pararset
delivering for one or several flows must not deteen
significant decrease in performance or even elitiona
of the other flows. A service represents the tcaffer-
formance provided to the client and is charactelribg
the QoS parameters. Loss rate, delay, delay vamiadf
jitter, network availability and bandwidth are theain
QoS parameters. QoS techniques represent the ispecif
methods of implementation, including traffic iddiath-
tion and marking, queue and congestion management,
link efficiency, traffic shaping and policy, specifproto-
cols. The service and QoS techniques are diffelpemt
strongly interconnected, since these techniquesuseel
for service construction.

The main frameworks and technologies used for im-
plementing QoS are Integrated Services, Differ¢adia

col Label Switching, On-Demand QoS Path framework Services, Multiprotocol Label Switching, ODP, amdft

(ODP) and traffic engineering. QoS routing représen
part of the last mentioned technology.

In this paper we describe the design and implementa

fic engineering. These technologies are detailedrilged
in [1] [5].
Integrated Services have developed a new architectu

tion of an end-to-end QoS framework with self-adaptive for resource allocation in order to satisfy theuiegments

bandwidth reconfiguration. The ease of the QoS é&am

work testing and the fact that this applicationl Wwé inte-
grated in a complex development tool designed fof Q

frameworks and technologies development represent t

main advantages of this system. The applicationlémp
ments a link-state QoS routing protocol. The system
plements two types of routers, edge and interiageE
routers identify traffic flows, mark the packetsthwiheir
corresponding type of service, place them intorthei-

of the real time applications. The main idea iouese
reservation for each flow. A flow is identified Hive
fields in packet headers: source and destinatiomdP
dresses, protocol ID and source and destinations.por
These five fields are often referred as five-tuplee aim
of the Integrated Services is the preservationhef IP
networks datagram based model and in the samethiene
reservation of the resources for real time appboat In
Integrated Services architecture a set of mechanaml



protocols is used for explicit reservation of tksources. line method the routes are computed when the regfifictr
Before packet transmission, the applications reséne demand arrives.

necessary resources along the path. The resersgton The main QoS routing challenges, as presented]jn [2
ting begins with the description of the flow chasaistics are: stability, robustness and scalability andingutost.
and necessary resources. The network can accepethe The frequency of routing updates must be a commemi
application only if there are available resourd&ter the between the traffic and routing overhead and tleracy

reservation establishment, the application can geoi- of the information.
ets along the reserved path. Integrated Servicgstec-
ture assumes that delay is the main QoS paramager g lll. RELATED WORK
anteed by the network.
Differentiated Services Architecture provides saver In [5] an On-Demand QoS Path framework (ODP) is
service levels by classifying the traffic into aahmum- defined, which provides end-to-end QoS guarantees t

ber of forwarding classes and allocating resoulzesed individual flows. ODP exercises per-flow admissinm-
on these classes. The individual forwarding clagsea- trol and end-to end bandwidth reservation at thgeeaf
sents the aggregated traffic and is encoded inlfhe the network and only differentiates traffic classeghe
packet header. Edge nodes classify the packetsardi- core of the network. Also, ODP monitors the bandiwid
tion the traffic. Interior nodes forward the packbdiased  utilization of the network and performs dynamic #an
on the forwarding classes in the packet header.fdhe  width reconfiguration in the network core. The pape
warding treatment is described by per-hop behaviorshows that ODP provides end-to-end QoS guarantees t
(PHB), each PHB being represented by a 6 bit valueindividual flows, thus eliminating the DiffServ dvéack,
named Differentiated Services Codepoint (DSCP)tt#dl  with much less overhead than IntServ.
packets with the same DSCP are referred as behavior ODP assumes that two types of routers: edge routers
aggregate. IP packet header has an 8 bit field ddfe and core routers exist in a network. Edge routake lihe
TOS. This field is composed of 3 bits precedenchit8  task to take admission decision for each incomird-i
type of service and 2 unused bits. Differentiatedvi8es  vidual flow, to map individual flows to differentatffic
standard redefines IP TOS field in order to indicpér- classes and to transmit packets to the networke Cor
hop behaviors. The replacing field, named DS, mgda routers are DiffServ routers. Core routers have rite
IPv4 TOS and IPv6 traffic class bytes definitioRgst 6 sponsibility to recognize traffic classes and tovue
bits of DS field are used as DSCP in order to eadbe class-based service differentiation.
PHB and the other 2 bits are not used. ODP uses a hierarchical approach in order to organi
Multiprotocol Label Switching (MPLS) presents a se- link bandwidth. The highest level is representedthy
ries of advantages as QoS support through conmectioProvisioned Link (PL), each physical link being idied
orientation, traffic engineering support, VPN sugipar into PLs. The network traffic is divided into seaktraf-
multiprotocol support. fic classes, as DiffServ does, and one PL is dégticto
Traffic engineering optimizes the performance of th one traffic class. At each provisioned link, a agrt
network by reducing the congestion and improving re amount of its bandwidth is allocated to each of eédge
source utilization through traffic distribution mege- routers in the network, thus further dividing Ph#i mul-
ment. Constraint based routing is one of the coraptan  tiple trunks. There is a one to one mapping betwaen
of a traffic engineering system. The topic is présd in trunk and an edge router. A trunk (of a given Bioned
[2] and [3]. Constraint based routing uses othen-co link) supports flows (of the given traffic clasgjginating
straints and requirements besides destination asidre  from the same source edge router, regardless iofdas-
routing selection. If the constraints are imposgddmS tination. A source edge router keeps track of atddl
requirements we have QoS routing and if the comsgra  bandwidth of its assigned trunks in the network pad
are imposed by policies we have policy routing. QoS forms admission control locally. The admission digis
routing has two main objectives: to ensure the @S  are instantaneously when a flow with QoS requirdmen
quirements and to optimize the usage of the netwerk arrives at an edge router.

sources. There have been developed several QoBgout

algorithms, but this topic is still of great intste This m //E@-- ,

framework was designed to allow for developing othe ) g‘"ﬂ{i

more performant QoS routing algorithms. CR1 e
According to the amount of global state maintained, Gﬂ]]]III

routing protocols can be classified in distancetaeor — -

. . . Physical Physical

link state. In the case of distance vector roufirgocols, Link Link

routers periodically exchange distance vector ngutn- B e g

formation with their neighbors and compute the path (¢ Provisioned Link for Trafiic Class B

using Bellman-Ford [4] algorithm usually. In theseaof
link state routing protocols, the state of all lolaks is

=

CR2

ER: Edge Router
CR: Core Router

Trunk for ER1

AVIP from ER1 with Traffic Class A WD Ty for ER2
,,,,, AVIP from ER2 with Traffic Class B ———= Trunk for ER3

broadcast to all routers and the paths are compusieg Figure 1. Hierarchical Bandwidth Organization [5]
Dijkstra algorithm [4] usually.
Search for paths can be performed off-line (pravact A path from a source edge router to a destinatitgee

pre-computation) or on-line (reactive, on-demand). ;oter for a specific traffic class is called atul IP Path

Routers that use the off-line method periodicatiynpute (VIP) [5]. It represents a concatenation of muéipiunks
all routes using current information. In the cakéhe on-



over a source-destination path belonging to thercgou
edge router.

The bandwidth is assumed to be statically assigaed
provisioned links based on a long-term traffic jpc&dn
made by a central network management server (NMS) o
by the network administrator during network initza-

is a need for minimum service guaranties, becattse a
the redistribution of bandwidth, the trunk thaiesded the
excess bandwidth will not be able to go back toiritéal
bandwidth state until the traffic on the trunks tthe-
served the additional bandwidth slows down, (3yvoek
overhead, due to the framework’s messages padging,

tion. Three approaches are used in ODP to maintainncreased admission time when bandwidth needs to be

bandwidth utilization at the provisioned link levahd
make reconfiguration decision: a centralizgentral
Control - assumes a central network entity in tle¢ n
work), a semi-centralize(Router-Aided approach - core
routers take these decisions) and a distributeltitecture

(Edge-to-Edge approach -where edge routers maintain

bandwidth utilization and reconfigure bandwidth)heT
amount of bandwidth assigned to each edge routes-is
configured on demand basis. ODP permits to dyndtpica
adjust the amount of bandwidth assigned to trunks.
Source edge routers can request additional trumid-ba
width or releases unused trunk bandwidth basedhen t
trunk bandwidth utilization. The bandwidth adjustihe
allows flows in the same traffic class to share phevi-
sioned link bandwidth (regardless of their origingt
source edge routers and destination edge routBss).
periodically examining of the trunk table, a souedge
router obtains the bandwidth utilization of itsrtks. If
the bandwidth utilization of a trunk falls undempeede-
termined lower threshold, the source edge rout@rsgsl
the bandwidth of the trunk by releasing bandwidtp;
dates the trunk and sends a control message toethe
work entity (or entities) that maintain(s) the pened
link table.

The admission technique follows the next stepaeiff
flow arrives at a source edge router, first a \dBle ex-
amination is required in order to identify a VIP tie
destination edge router. A second step is the exation
of the trunk table to obtain the bandwidth utilinat of
each trunk on the VIP to the destination edge rotitere
we have two cases: if the VIP has enough bandwiith
the incoming flow, the source edge router accepsd
makes end-to-end bandwidth reservation for thie firy
updating the bandwidth field in the local trunk letat
each trunk on the chosen VIP; b. if the VIP doeshave
enough bandwidth for the incoming flow, the souedge
router will request additional bandwidth and fuoatiof
the response that it will receive, the flow will admitted
or rejected.

Trunk Link (TL)

} Provisioned Link

Trunk Link (TL)
L)

Physical Link

Figure 2a. ODP bandwidth allocation

The main disadvantages of ODP [5] are: (1) the band
width adjustment is only local to the traffic claasd
doesn't allow for redistribution between classe3,there

reserved for trunks.

Available bandwidth

Trunk Link (TL)

Pravisionsd Link (PL)

Tronk Link (TLY — ]
Physical Link

Figure 2b. Proposed bandwidth allocation

To overcome all the above drawbacks mentioned, we
propose to develop a QoS framework with self-adapti
bandwidth reconfiguration, which provides minimum
service guaranties and allows for bandwidth reithistion
between classes. In Fig. 2a and 2b a graphic cosgpar
is presented between ODP’s bandwidth allocation and
reconfiguration and the proposed solution. The &am
work also reduces the network overhead by incotpaa
all the framework’s messages in the routing pratoco
The problem of increased admission time when band-
width needs to be reserved for trunks, is resolexi-
ough the use of the available bandwidth part, whwdh
be descried in the next section. If the used badgidhfior
a trunk reaches an upper threshold, the trunk avitb-
matically acquire additional bandwidth.

IV. CURRENT WORK

The current work is concentrated in developing the
main functionalities for the QoS framework with fsel
adaptive bandwidth reconfiguration and also in aede
ing new techniques, to overcome the drawback stated
the previous section.

As previously showed in Fig. 2b the paper propases
new bandwidth allocation and reconfiguration teqnmei,
which allows for minimum service guaranties. Thavar
back in ODP approach is that the traffic classesalisthe
bandwidth (see Fig. 2a). The bandwidth redistriiutis
done only between the trunks of the same provisione
link and does not allow redistribution between séss If
a PL is not intensively used it cannot put the labdé
bandwidth at others PLs disposal.

A second inconvenient is represented by the feat th
the trunk that releases unused bandwidth will reoable



to reclaim it until the traffic slows down, and etttrunks
start to release bandwidth, thus not being ablerdoide
a minimum service guarantee for that specific trimthe
traffic class.

In our approach, the physical link is divided irteo
main sections: an available bandwidth part andotiosi-

The inter-router communication protocol uses spety
of custom ICMP control messages: advertise, addbeerti
acknowledge, infoLSDB, newlLSDB, delay and delay-
Timer. The structure of the ICMP messages is ptegen

sioned links part - needed for the traffic clas@gshav- |

ing two separate sections, the framework guarantees

minimal service level for each trunk and offersoancnon

bandwidth that can be used by every trunk, regasdié

their traffic class.

If the used bandwidth of a trunk exceeds an uppe=

threshold, the trunk will acquire additional bandthi

from the available bandwidth section. When the aequ |

bandwidth is no longer needed the trunk releasesoit

that other trunks can benefit from it. The framekvemill |

implement equitable bandwidth access mechanisrafl to

in Fig. 4.

General ICMP packet format:
Type | Code |  Checksum | Data |
Advertise:
9 0 | Checksum | Router ID_|
Acknowledge:

[ 9] 1] Checksum | |
Delay:
9] 2 | Checksum [ STi_ | RIj [ STi_ [ _RTi
InfoLSDB:
9 4 ] Checksum | LSDB Data
NewLSDB:
9 5 ] Checksum | Router ID_| LSDB Data
DelayTimer:
9] 10 | Checksum | STi_ | RTj | STj_| RTi

PLs and trunks, so that no trunk will monopolize #ec-
tion inducing a starvation problem to the others.

The network overhead, due to the framework's mes-
sages passing of ODP is solved by incorporatinghall
framework’s messages in the routing protocol, thus
avoiding adding additional traffic to the network.

The problem of increased admission time is resglve
due to the trunk’s capability to automatically acguad-
ditional bandwidth.

The proposed development tool implementation (Fig.
3.), designed for developing QoS frameworks and-tec
nologies, is composed of (1) a network interfacelube®
that contains a packet capturer, analyzer and fohsgs-
tem, (2) a routing application and (3) an interteou
communication protocol. The packet capturer, aralyz
and forward system’s role is to determine the add
network interfaces, to capture all the packets flat
through the network, to analyze them, to colleet tb-
quired information and, also, to forward the incomi
traffic to the appropriate interfaces. The netwarter-
faces have to work in promiscuous mode, thus caqgtur
all the packets. Once the system has the capatulitgp-
ture, analyze and forward traffic, the routing aqgtion
will create the network topology, compute the nustri
and then build the routing tables, used to sena dat
through the best available path. The communicgian
tocol helps the process of routers’ discovery altaiva
them to exchange network topological information.

d

Network Interface
Module

i

C#WinpCap
Framework

WV

A,

Routing
Module

| User Interaction Module

f

User

Figure 3. System architecture

Firstly, the inter-router communication protocolivise
described and further, the development tool archite
will be presented.

Figure 4. Message types

where, the Type and Code fields from the ICMP heade
are used to label the control messages, and tlaefigad
stores all other required information.
A newly started router has no knowledge of the oetw
topology. It uses thédvertise message to send its ID to
neighboring routers (Fig. 5.). Any directly conrestt
router will answer with arAcknowledge message, after
adding the sender’s router information in its ovepd-
logical database, called LSDB (Link-State Databale)
the router does not receive Acknowledge message, will
assume that a host is connected to him and wilkrtias
fact in its own LSDB. Upon the receiving of thesfilac-
knowledge packet, the newly started router musfopar
a synchronization step. This is useful to compo®ieate
delays - one of the metrics used by the routindiegp
tion. Only synchronized routers can participatduiriher
actions.

— —
— M—
ﬂ J F —I ’
Hostl  Advertise Routerl

. cknowledge
Advertise

him l Acknowledge
F

] Sy — 2 7
NewRouter Advertise  Router2
Tntert. 115 2 Status
No
1f0 IDrouterl Router
ifl IDrouter2 Router
12 _ Host

Figure 5. Inter-router communication

Two types of messages are used to compute delays:
Delay and DelayTimer. The difference between them is
the moment when they are used. The&ay message is
used for building and maintaining the routing tabénd
the DelayTimer message is called after a predefined pe-



riod of time to recalculate the delays that couddénpos-
sibly changed, due to traffic congestion on the icomi-
cation lines. In order to exchange topological tinfa-
tion, InfoLSDB and NewLSDB messages are used. The
first message is sent by the neighboring routetkemew
router and contains their current LSDBs. Tiewl.SDB
message is used by all the routers to announcaltama-
tion in the current topology.

The development tool designed for developing QoS
frameworks and technologiasses a component based
architecture, consisting of two main modules: (1et-
work interface module, used for the detection and-h
dling of the network devices, and also for packetsitrol
- using a WinpCap wrapper for C# .NET; (2) a rogtin
module, which is the core of the application, hgvthe
complex task to create and maintain the routindetab
mark traffic packets, put them on queues, deterrtfiee
output interface and finally, forward the trafficalso has
the responsibility of per-flow admission controldaend-
to-end bandwidth reservation.

The user interface module, presented in Fig. 8,den-
sole application, and not a GUI, thus reducing &ti-m
mum the user’s interaction.

Netuork adapters availal

A> Realtek RTL813% Famil
[1> 8i§ NIG SISNIGC (Micr

‘thernet Adapter (Microsoft’s Packet Scheduler)
acket Scheduler>

r network

Interf Status

Sending ICMPAdvert on B
Sending [CMPAdvert on 1

Figure 6. User interface module

The network interface module uses our C#WinpCap
framework - a reusable standalone application, Wwisca
wrapper over WinpCap, the industry-standard toal fo
link-layer network access in Windows environmer@k [
WinpCap functions allow applications to capture and
transmit network packets bypassing the protocotksta
The C#WinpCap framework interacts with the system
providing specific tasks: (a) network device deatact(b)
acquires the properties of the network adaptersh sis:
number of adapters, adapter’s name, IP addressés, n
work masks; (c) provides functions to manipulatees
work adapter: open, close, capture packets (wigiraa
miscuous option), send packets, create and anabffic
packets.

The routing module is the main component of our sys
tem. It has a complex task in traffic flow manageime
end-to-end bandwidth reservation, and in routirgeta
management. The communication between routerscis ne
essary for routers’ discovery, topological inforioat

A router’s first step is to make it self known toet
other routers in the network. It achieves this bgding,
at start up, a\dvertise message to its directly connected
routers using the predefined multicast IP address
224.0.0.7. All the routers that receive this messed!
add the source address and the routerID of thegpack
their LSDB. They will also respond with afwvertise
Acknowledge message. When the newly started router
receives the message, it will synchronize with ghader
using a SNTP [7] client application. The synchraitiian
is performed only once and it is an important steps
achieving a total synchronization of all the roster

The development framework uses the bandwidth and
delay metrics for QoS routing algorithms testingwh
ever in the case of the end-to-end QoS framewotk wi
self-adaptive bandwidth reconfiguration this metrare
not applicable. For it we consider, as in the cAs®DP,
static routes, computed based on the number of imgps
ric.

The next step is to compute the measurement metrics
delays and bandwidths, which are being used fodtie
velopment and testing of new QoS frameworks anb-tec
nologies. The delay is computed on all the lines-co
nected to other routers. The application uses alsinyet
efficient algorithm, based on a “triple hand-shacki
technique, illustrated in Fig. 7.

Router(R1) Router(R))
SendDelayFirst

5 >

° SendDelaySecond

: SendDelayThird
SendDelayFirst:
| TpRi - ] ]
SendDelaySecond:
| TpRi | TsRj | TpRj | -1 |
SendDelayThrid:
| TpRi | TsRj | TpRj | TsRi |

Figure 7. Delay Measurement Technique

The delay is computed using the following formulas:
d; =TsR-TpRandd;=TsR - TpR

where dij - delay from routerto routef

dji - delay from routgrto router

Ri - the new router
Rj - the old router

Router R, after computingiji , will send to RanlIn-
foLSDB message containing his LSDBi Rill wait to

exchange, delays computation, packet marking, packereceive a number ofnfoLSDB messages equal to the

forwarding and admission control and bandwitdth man
agement. To achieve this task, inter-router comoasni
tion will use the previously defined ICMP messages.

number of Acknowledge received . At this moment the
new router has the most recent network topologyndJa
NewLSDB message iRwill send his topological informa-
tion to the routers he knows about, and so alhefit are



updated with the latest information. To avoid rogti
loops a split horizon method is used [8].

The next step requires all routers to compute thoeit-
ing tables. The application is using Dijkstra’s hst
path algorithm to generate the minimum cost pathallt
hosts, based on the measured metrics (costs).

Another important aspect is traffic flow identifican
and marking. Two types of routers were defined:eedg
routers (ER) that are connected to hosts and amteri
routers (IR) connected only to other routers. OBRS
will mark packets, IRs’ purpose is simply to route
traffic accordingly to their routing tables.

For traffic marking, the most significant threesbitom
the TOS (Type Of Service) field of the IP headelt i
used, therefore creating eight classes of prioEgch of
this classes will be designated a queue, wherpahkets
that need to be forward are placed. The trafficléssi-
fied based on two main criteria: transport protoand
port number. A flow admitted table is created & ¢uige
routers, where all the flows that are proper witte t
bandwidth requirements are stored.

Another important step, which it is used for thstitey
and development of new QoS technologies, is thengu
table update operation, where routers use a timezdal-
culate, at predefined periods of time, the metdom-
puted previously. If there are changes in this p&taers a

A communication protocol between routers was also
defined, which is based on several custom multiaast
unicast type of packets. One of the main advantafes
this application is the ease of the QoS frameweskirig,
because of the modular design approach. The afiphica
developed at this point was successfully tested thed
results proved the correctness of the implementatio

The testing and evaluation of the QoS framework wit
self-adaptive bandwidth reconfiguration will uses tte-
fined metrics in [5]: blocking rate - the ratio thfe num-
ber of blocked flows to the number of all arrivifigws;
signaling overhead - measured in the total numbeow-
trol messages transmitted during the entire sinorat
duration; average connection setup time- the aectiate
interval from when a flow arrives at a source edygder
to when the admission decision is received by tbe;f
average packet transmission delay - the average itim
terval from when a source edge router transmitacket
until when the destination edge router receiveptuket;
average packet transmission delay variance — thance
in the packet transmission delays.

Also, we will test the proposed end-to-end QoS &am
work with self-adaptive bandwidth reconfiguratioritiw
the previous defined metrics using complex netwtork
pologies. The framework’s expected results aradoige
end-to-end guarantees and eliminate the previous- me

NewLSDB message will be sent, so that all routes learntioned drawbacks of ODP.

about this change and recompute their routing sable

The current developed framework was tested using a

looped topology composed of routers and hosts. Jjes
cific topology was used to test the split horizoethod
and also to verify the behavior of the routing aithjon.
The routing tables were updated as a result ofébem-
puted link-state metrics, therefore demonstrathegy dor-
rectness of the implementation.

V. FURTHER WORK

In this paper is described the design of an enehib-
QoS framework with self-adaptive bandwidth recoufig
ration and the implementation of a development tsl
signed for developing QoS frameworks and technekagi

The end-to-end QoS framework with self-adaptive 2]

bandwidth reconfiguration overcomes the disadvagag

of ODP by providing minimum service guaranties and

bandwidth redistribution between classes, solvihg t
network overhead by incorporating all the framewerk
messages in the routing protocol and also, theeasad

admission time problem is resolved, due to the Ksin
capability to automatically acquire additional basith.

The development tool uses a component based archi-

tecture, consisting of two main modules: the nekwor
interface module that avails the C#WinpCap framdéwor
facilities, for the detection and handling of thetwork
devices, and also for traffic flows control. Secptite
routing module, which is the core of the applicatibav-
ing the complex task to create and maintain theimgu
tables, identify traffic flows, mark traffic pacletput
them on specific queues, determine the output fater
and finally, forward the traffic. It also has thesponsibil-
ity of per-flow admission control and end-to-enchtta
width reservation.
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