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Thispaper describesan integrated networ k management
framework for providing point-to-multipoint reservation
service (PMRS) in an ATM nawork. There are two major
issues confronting the network service provider in relation
to thissavice oneisto rapidly confirm the acceptability of
the subscriber’s reservation at subscription time, and the
other is to punctualy activate the resrved point-to-
multipoint service To meat these requirements we
developed a service provison modd (SPM) and a network

resourcemodd of abandwidth dlocation timetable (BATT).

We propose a point-tomultipoint routing algorithm
composed of ordering and backtracking procedures, which
can find the best branch point under the complex network
topology and can add more degtinations to the existing
point-to-multipoint route. We demonstrate the feasbility of
the SPM, the BATT, and the point-to-multipoint routing
algorithm by implementing our schemes and analyzing
ther performance under the operational ATM network of
KT(Korea Telecom).
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[. INTRODUCTION

In industries such as distance learning systems, newspaper
publication and health care, there isan ever-increasing demand
for high-quality pointto-multipoint applications which can
offer bulk data transfer from one point to multiple branches in
an ATM network [1]-[10]. Consider the distance learning
system. It is not a long-lasting service; it requires short but
recurrent service. In the case of a newspaper publishing
company, the head office editsthe newspaper with dl its news
reports, articles, photographs, and advertissments and
distributes the newspaper electronicaly to its subsidiaries. In
addition, the promise of telemedicine to improve healthcare
delivery isincreasingly becoming areality. Today, hospitals use
ATM networks to provide imaging quality and transmission
speeds that allow surgeons in an operating room to consult
visually with specialists not present during an operation. Clarity
and low latency is the key for MRI and other image
interpretation functions. A provision of point-to-multipoint
reservation service is necessary for these applications because
customers who want to use such applications usually prepare
for their usein advance.

This paper describes an integrated network management
framework for providing point-to-multipoint reservation
service (PMRS) in an ATM network. From the perspective of a
network provider, there are two major issues in providing the
PMRS: oneisto rapidly confirm the reservation serviceduring
subscription time, and the other is to punctualy activate the
reserved service. Our point-to-multipoint reservation model
aims to confirm the availability of the reservation service to
subscribers while they are on the line. Therefore, amechanism
to minimize notification timeis crucial.
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It is necessary for anetwork provider to adopt anew network
resource management modd in order to rapidly confirm a
subscriber’s reservetion service request during the time of
subscription.  This paper proposes a network  resource
management modd based on a bandwidth dlocation timetable
(BATT) schemethat can confirm network resource availability
for a requested time period while maximizing network
resource utilization.

There are two research issues concerned with providing
point-to-multipoint servicein an ATM network: oneisarouting
dgorithm for determining the best branch point in a complex
network topology, and the other isan agorithm for adding more
degtinations to the exiding point-to-multipoint route while il
providing reasonable computationd performance. To meet
these requirements, we propose a point-to-multipoint routing
dgorithm composed of ordering and backtracking procedures.
Ladly, this peper illudrates the feedhbility of our integraied
network management system composed of the sarvice
provison modd (SPM), the BATT, and the point-to-multipoint
routing agorithm by implementing and andyzing ther
performance under theATM network of KT.

The rest of this paper is organized as fallows in the next
section, we present the SPM for point-to-multipoint service in
an ATM network and describe the network resource
management model based on the BATT. Section |1 illustrates
the point-to-multi-point routing algorithm composed of
ordering and backtracking procedures including a method
under which degtinations to the exigting point-to-multipoint

route are added. Section IV describes the implementation modd
and the performance andysis resullts. Section V discusses the
merits and issues of the integrated network management
framework for providing point-to-multipoint servicein an ATM
network and then gives some condluding remarks.

[1. SERVICE PROVISION AND NETWORK
RESOURCE MODELS

This section describes our service provison modd and
point-to-multipoint routing agorithm for providing the point-
to-multipoint reservation servicein ATM networks.

1. A Sarvice Provison Modd (SPM)

To provide point-to-multipoint reservation servicein an ATM
network, we need an SPM from the perspective of the network
sarvice provider (Fig. 1). Thereare two kinds of communication
modes, permanent and reserved. In the permanent communi-
cation, the subscriber can negotiate with the network service
provider (NSP) any vdue for the pesk cdl rate (PCR) that is
available a the user-network reference point (UNRP) and is
agreed upon by the NSP. To establish reserved communication,
the subscriber can negatiate with the NSP any vdue of the
maximum bandwidth that is avallable & the user to network
interface (UNI) and is agreed upon by the NSP. The NSP can
then negatiate with the network management sysem (NMS)
any available vaue of the PCR within the subscribed maximum
bandwidth. The NSP enforces user cells according to the

User Plane

Multicast Reservation
Service Provision

U(A) +

UNRP

® M(x): Manager, where x = Subscriber
® U(x): User, where x = Subscriber
® SME: Service Management Entity

ATM Transfer Capability

Cell Transfer and
Cell Copy Capabilities

® SMRP: Service Management Reference Point
® UNRP: User-to-Network Reference Point
® UMRP: User Management Reference Point

Fig. 1. A service provison modd for the point-to-multipoint reservation service.
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PCR reference dgorithm specified in Recommen-
dation 1.371 [1]. According to the PCR reference dgorithm [1],
cdl conformance is defined with reference to the pair (T, 1)
where T is the pesk emisson interva (PEl) and 7 is the cdl
dday variaion (CDV) tderance [3]. The NSP provides the
user with PEI vaues and CDV tolerance as part of the traffic
contract.

Periodic or non-periodic permanent virtud connections
(PVCs) ae possble in the resarved edsablishment of
communication. The subscriber uses the PMRS in the
reserved establishment of communication providing generd
sarvice parameters, such as a manager identifier, users E.164
[211] number, subscription beginning time (ty), subscription end
time (ty), and maximum number Nb,, of PVCs per UNRP
and maximum bandwidth (Nb.,) needed a each UNRP
E.164 typicdly conssts of decimd digits segmented into
groups for identifying specific eements for identification,
routing, and charging cgpabilities eg., within E164 to
identify countries, nationa destinations, and subscribers [11].
All resarved PVCs are edtablished dfter the regigtration
procedure (Fig. 2).

This paper focuses only on non-periodic reservation service.
During this phase the parameters of the PVCs among the
involved users are negotiated. The PMRS is provided after
arangement with the NSP. The PM RS permits the reserved or
permanent communication between two or more UNIs
Subscriptions of reserved and permanent communication can
coexigt on the same UNI. The subscription statesthe maximum
number Nb,, of PVCs per UNIL. The number of PVCs
avalable at the UNI isless than or equa to 256. Hence, N
iseva uated taking into account these condraints.

The natification time for confirming the reservation service
request Ty = t; — to will be larger than or equa to a minimum

to

t3 17}

to Time at which subscription to the PMRS is requested

t; Time at which network resources are reserved and notification of
its possibility to subscriber

t, Time at which the PMRS is activated

tz Time at which subscription to the PMRS is requested to terminated

t, Time at which the PMRS is deactivated

ts Time at which subscription to the PMRS is effectively terminated

Fig. 2. PMRS provision and withdrawal procedures.

notification time of Ty, . The service avalability Sy = ts —t,
corresponds to the duration of reservation service availahility.
S varies between the minimum duration of subscription Sy,
and the maximum duration of subscription Sy . If t5 is not
indicated, we assume &, is equd to §y . The vaues TNn'in’
Shuin, and S, ae fixed by the NSP. We am to confirm the
availability of the reservation service to subscribers while they
are online. Therefore, a mechanism to minimize natification
time is crucid. We will propose it in accordance with the

implementation and performance andyss results found in
sction V.

2. A Network Resource Management Model

To support the two previoudy described concepts—rapidly
vaidating the service availability a the time of notification of
Ty and punctud guarantee of service availability once the NSP
has agreed to provide the reservation service with the
customers—this paper proposes a network resource
management scheme from the perspective of an ATM network
management system (NMS) (Fig. 3). Network topology

24 October 2001 Time (per Hour) >
o(1|2|3|4|5|6|7|8|9|10[12 |13 |14 |15 |16 |17 |18 |19 |20 |21 |22 | 23
~
50Mbps [U(A)]
Link Total
10Mbps [U(B)] Bandwidth
I I (155Mbps)
90Mbps [U(C)] 70Mbps [U(D)]
[ [ T T T 1 [ T T T T 1 J
Available
_155M | _105M | 15M ,  SM | 145M [1BM 85M | 155M Bandwidth
[« >i< >l >t »>|< >l >« >« >

Fig. 3. Bandwidth allocation timetable (BATT).
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conggs of a node and a link. The NMS mugt find the best
point-to-multipoint route traversng the complex network
topology, incduding the connection admisson control (CAC)
[12], in order to determine the service availability at the time of
natification Ty. For confirming the network resource
reservation prior to service activation, dl links in the network
topology areincluded inthe BATT (Fig. 3).

We limit the minimum period of reservation service to an
hour for the purpose of amplifying the procedure The
minimum BATT isone day. When a user subscribes to the
resrvation sarvice, the NMS determines whether  the
subscription can be accommodated by consulting the BATT.
When no BATT corresponds to the requested reservation
period, for example from 8:00 to 15:00 on 24 October 2001,

theNMSaddsanew BATT corresponding to 24 October 2001.

If a user subscribes to the reservation service with 10 Mbps
from 08:00 to 20:00 on 24 October 2001 under the Stuation
shown in Fg. 3, the reservation request will be rgected
because of lack of avalable bandwidth. Thus, the NMS can
determine whether it can accommodate the requested
reservation service within the natification time Ty,

[11.APOINT-TO-MULTIPOINT ROUTING
ALGORITHM

One of the important research issues in point-to-multipoint
routing is determining where the best branch point is (Fig. 4).
This figure shows one source node (A) and three destination
nodes (E, F and J). If we assume that dl link cogts are equd,
thereisno doubt thet node D isthefirgt branch point. However,
there are 36 candidate routes to connect from node D to the
degtination nodes E, F, and J. If the detination node is only J,
node G will bethe next branch point. It isnot easy to determine

©: Source Node ©: Destination Node = — 9 Candidate Routes for Node J

Fig. 4. Best branch point determination problem.

which node is the best branch point to reech multiple
dedination nodes and ill maximize network resource
utilization and minimized trangt delay. This is because there
aretwo destination nodes, E and F, other than J.

There are two point-to-multipoint routing modes oneisfor
finding the point-to-multipoint route immediately [13]-[15]
and the other is for adding one or more branches to existing
point-to-multipoint connections [13]-[15]. To remove the
difficulty in determining the best branch point and support
these two point-to-multipoint models, we propose a point-to-
multipoint routing agorithm composed of ordering and
backtracking procedures that can identify the best branch
points under a complex network topology and ill offer
reasonable performance.

1. Ordering Procedure

The ordering procedureisfor determining the orders of links
and nodestaking the routing metrics of the available bandwidth
dday and hop count into account. Figure 5 shows the ordering
procedure for finding the best point-to-multipoint route from
source node A to degtination nodes of B, D, and H with a
requested bandwidth of 20 Mbps.

+[J

L6

L1
7 O(L),BW(10)

L2
0O(1),BW(70)

Requested

0O(1),BW(90
Bandwidth ® ©0)

0(3),BW(70)

= 20Mbps

—— : Ordering sequence

0(2),BW(70)

@ Source Vertex

@ Destination Vertex

Fig. 5. Ordering procedure.
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The network topology is represented by Graph G(V,E) where
Vertex (V) denotes aset of nodes and Edge (E) denotes aset of
links among nodes. Vertex contains three kinds of information:
order (O), vigt flag (VIST), and avalability (AVA); edge
maintains three kinds of informaion: order (O), avalable
bandwidth (Bap), and avalability (AVA). Avallability
represents the possibility of the cdl trandfer cgpability of each
vertex or edge, which depends modly on fault satus or
performance degradation of nodes or links,

Figure 5 shows a sample network topology and the ordering
procedure. The arrows represent the topology traversing
sequence for order assignment. The infinite order (0)
represents the edges of the unusable vertexes because of afault
or lack of avalable bandwidth. BW represents the available
bandwidth of the edge, and “+1” represants the increment of
order by one. Thereis one source vertex A and three destination
vertexes, B, D, and H. We traverse the network topology to

determine the order of vertexes and edges. We define two
terms: the visiting vertex (Vi) and the neighbor vertex (Vrggh).-

The Vg is an active vertex that dlocaes the orders of al

neighbor vertexes (Vnign) connected to it and setsitsvist flag to
YES Ontheother hand, ik isa passive vertex in thet its order
is determined by the order of the edge connected to it and its
vigt flag isnot changed to YESuntil itcan be V. For example,

in Fig. 5 when we gart to traverse the network topology from
ource vertex A, it can be V4, and the vertexes of B, C, and D

connected to the edges (L1, L2 and L3) of vertex A can be Vg
Fgure 6 presents the ordering agorithm, and Fig. 6(b) includes
the ordering sequence when the source vertex is A and the
dedination vertexes are B, D, and H. There are eight seps to
complete the ordering under the network topology shown in Fg.
5. In Fg. 6(b), the vertexes a the VISIT column are active
vertexes while the vertexes a the same levd as the active
vertexesare the passve vertexesin each ordering step.

G(V,E), where V : Vertex, E :Edge
V ={O,VISIT}, E ={O,Bava}

Breg: Requested Bandwidth

Eaps: Adjacent Vertex of E

for all E(O) ~ 0[I;

Vyisit(O,VISIT) — (0,YES);

/I 0 : Infinite

Procedure Ordering(Vyvisit, Breq) {
for all E O Vyisir{

E(O) ~ Vusir(0)+1;

VneigH < Eaps!

if(Vneicr(0) = 1)

}else {
E©) - O
VneigH(0) « O
}
} /I end of for
}// end of Ordering

/I O : Order, Baya : Available Bandwidth

1l Vy g7 : Source Vertex

/I Adjacent Vertex of E
if(VneicH(VISIT) == No && Vyeigh(O)<E(O) && E(Bava) 2 Breg) {
VneigH(O,VISIT) — (E(O), YES);

Ordering(VneicH, BREQ)?

/I Recursive Call Ordering Procedure

(a) Ordering Algorithm

STEP | VISIT L1 L2 L3 L4 L5 L6 L7 L8 L9 L10 L11 L12 L13
Initial Value O O 0 0 0 0 0 0 0 O 0 0

Stepl | A(0) [ 0O,B(O) | 1,C() | 1,D(2)

Step2 | C(1) 1, A(0) 2.B(2) | 2D(M) 0,F(0)

Step3 | B(2) | O,A0) 2,C(1) 3EQR)

Stepd | D(1) 1,A(0) 2,C(1) 2,G(2)

Step5 | EQ) 3.B(2) 4F(4) 4H(@4)

Step6 | G(2) 2.0(1) 3F(3) 3,H@3)

Step7 | F(3) 0,c(1) 4,E(3) 4H(@3)

Step8 | H(3) 4E@) | 4F@) | 3.6(3)

X, V(Y), where X = order of edge, V = adjacent vertex, Y = order of adjacent vertex
(b) Ordering Result

Fig. 6. Ordering algorithm.
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The ordering procedureis asfollows:

Initidly, we assign infinite ((0) to al orders of vertexes and
edges and assign NO to the vigt flags of dl vertexes ( Sep 1 of
Fg. 6(b)). We assign zero to the order of source vertex A,
which can serve asthefirg Vgt

From here on, we traverse the network topology with the
ordering adgorithm of Fig. 6(8) until the vigt flag of &l vertexes
is st to YESand the order of dl edges and vertexes according
to hop count, availability, and available bandwidth is assgned.

The determination of the next Vg, is done in the way of the
depth first search. Itisnorma for one Vigg, to serve asthe next
Viist . Here, we define one rule where the Vg, Can serve asthe
next Vst becauseits order isinfinite ((I). For example, ingep 2
of Fg. 6(b), the next Vg vertex is not B but C because the
order of Bisinfinite(d) ingep 1.

In the process of traversing the network topology, the order is
assigned according to the smple rule that the order of edges
connected to the W, IS assigned by the order of the Vg plus
one (E(O) — Vst (O)+1).

If the order of any edge is larger than the order of Vg plus
one, it is changed to the order of Vg plus one. If the order of
any edge is less than or equd to the order of Vg plus one, it
will not be changed. For example, if Vg is A, the links
connected to vertex A are L1, L2, and L3. The requested
bandwidth (Breg) is 20 Mbps. The order of the edges
connected to vertex A is replaced with one (the order of vertex
A plus one) because the order of the firgt Vgt A is zero. If any
link can accommodate Breq and its order is less than one, its
order will be changed to one as with L2 and L3. However, if
any link cannot accommodate Bgeg, its order is changed to
infinite ((J), having nothing to do with the order of V. If the
order of any link is greater than or equd to the order of the Vgt
plusone, aswith L1, it will not be changed. Figure 6 showsthe
detailed routing dgorithm and its ordering resuilt.

2. Backtracking Procedure

Backtracking ams to determine the best point-to-multipoint
route based on the order informetion alocated in the process of
ordering. In backtracking, the source and degtingtion vertexes
are the reverse of what they were in the ordering procedure. In
addition, the CAC on the sdected edges is done in the
backtracking procedure. Figure 7 shows the backiracking
procedure, which is based on the ordering result of Fig. 6. In
the backtracking procedure, there are three source vertexes, B,
D and H, and one degtination vertex, A.

When we traverse the network topology from the source to
the degtination vertexes, we sdect the edge having the lowest
order. For example, source vertex B sdects L4 and the best
edge among the edges of L1, L4, and L6 because the order of
L4 hasthelowest order. Thus, the CAC on the sdected edgesis
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L12
O(4),BW(40)

H
L1 @
1,0@BW(T0)
0(3),BW(50,
L13
0(3),BW(50)

4—— Selected Route O Destination Vertex @ Source Vertex

Requested
Bandwidth
= 20Mbps L3

0(1),BW(70) 0@ Eev 50)

Fig. 7. Backtracking procedure.

carried out in backtracking. The intermediate vertex C sdlects
L2 among the edges of L2 and L5 because L2 has the lowest
order. Therefore, the best route between vertex A and vertex B
iS<A-L2-C-L4>. Furthermore, source vertex H sdectsL13 asa
best edge in the same way that vertex B does. Theintermediate
vertex G and D sdects the edges having the lowest order
among the possible edges. As a result of backtracking from
vertex H to vertex A, the best route found is <A-L3-D-L8-G-
L13-H>.

If there are two or more edges with the same order, the edge
having the largest residud bandwidth is sdlected. In the process
of backtracking, the BATTs of edges change according to the
Breo and the reservation period. For example, when vertex H
sectsthe lowest order edge of L13, the bandwidth of L13, 70
Mbyps, is changed to 50 Mbyps because the requested bandwidth
is 20 Mbps Furthermore, we gop backtracking when we
encounter the edges or vertexes through which we have
dready backtracked in a previous sep. For example, when the
source vertex is D and the dedtingtion vertex is A, vertex D
sdects the edge of L3. Subsequently, when the source vertex is
H and the degtination vertex is A, vertex H sdects L13 and L8
as the best edges. Vertex H does not sdlect the edge of L3
because we have dready backtracked in the previous step
between source vertex A and dedtination vertex D. Thus, the
backtracking procedure can determine the best branch points
and subsequently provide the best point-to-multipoint route in
combination with the ordering procedure.

3. Adding a Branch Procedure

It is hot easy to find the best branch points when adding one
or more new dedination vertexes to exiding point-to-
multipoint routes because the exiding point-to-multipoint
routes are dready optimized for the designated source vertex
and dedtination vertexes. Our adding branch scheme finds new
best branch points by taking into account the exigting point-to-
multipoint route and changed network datus (Fig. 8). The

ETRI Journal, Volume 24, Number 4, August 2002



adding branch dgorithm dso uses the ordering and
backtracking dgorithms to find new best branch points
However, the newly added scheme differs from the previoudy
described ordering and backtracking dgorithms in that the
edge has one additiond item, an exising route flag, which
notes whether the edge is involved in an exiding point-to-
multipoint route. Thus, the edge hasthree kinds of information:
order (O), available bandwidth (Ba), and existing routeflag (R).

L6
0O(3),BW(60)

L1
0(d),BW(10)

O(),BW(10)

L5
Requested 0(2),BW(70)
Bandwidth
= 20Mbps L3

O(1),BW(70),R

0(3),BW(50).R
L8
0(2),BW(50), R

m—: Existing Route @: Newly Added Branching Nodes R : Existing Routes

Fig. 8. Adding branch agorithm.

Let us assume that the exiging point-to-multipoint route
resembles the one in Fig. 7, and the newly adding branch
vertexes are E and G as shown in Fig. 8. The adding branch
procedureisasfollows.

The firg gep determines the order of vertexes and edges
with the ordering dgorithm. At this stage, the differences from
the previoudy described ordering dgorithm are as follows: it
marks the existing routing flag (R) in the edges which are parts
of exiging routes and it does not congider the By 0n the edges
marked as the exiding route flag. For example, because the
exiging route flags (R) of edges L2, L3, L4, L8 and L13 are
marked, their By, are not consdered in the ordering procedure.
However, the edges other than L2, L3, L4, L8 and L13 are not
marked 50 the existing route flag does condider their By in
exactly the same way the previoudy described ordering
dgorithm.

From the perspective of backtracking for adding branchesto
exiding routes, what is different from the backtracking
agorithm described in section 111.2 isthat it does not adjust the
BATTSs of the edges, which are parts of the existing point-to-
multipoint route. For example, we do not adjust the BATTs
shown in Fg. 8 because the exiding route flags (R) of L2, L3,
L4, L8, and L13 are marked. However, the bandwidth of the
newly added edge of L6 in the additiond branch must be
adjugted. If a new branch G is added to the exigting point-to-
multipoint routes as shown in Fg. 8, the BATT adjustment and
order change are not taken into condderation because the
newly added branch is dready on the exising point-to-

ETRI Journal, Volume 24, Number 4, August 2002

multipoint routes.

With the above modified ordering and backtracking
dgorithm, vertex B is the newly identified best branch point
when new branches E and G are added.

IV.IMPLEMENTATION

We implemented the point-to-multipoint reservation service
management framework in accordance with the functiona
layering concepts of the telecommunications management
nework (TMN) [16], as applied to KT's high-speed
information network (HSIN) [17]. According to the TMN
functiona layering concept, there are four layers  sarvice
management layer (SML), network management layer (NML),
eement management layer (EML) and network dement (NE).
To implement the proposed point-to-multipoint reservation
Farvice management framework, we focus only on the service
and network management layers. Our implementation modd is
illustrated in Fg. 9.

From the perspective of SML, there are five service
management components. provisioning server (PS), integrated
savices and network manager (ISNM), subscriber data
manipulation server (SDMS), SDMS Web server and Help
Desk. All of the sysem components of SML and NML are
implemented by CORBA objects and are communicated via
the CORBA 110P (IONA Orbix) [18]-[22].

The provisoning server maintains the network facility data
gahered from network dements usng the smple network
management protocol. The ISNM plays a key role in network
planning using the gathered network facility data provided by
the server and the faults and performance data gathered from
NMSs. It receives notice of dl kinds of abnormdlities
generated by the NMSs and requests andlyss or repairs from
the HepDesk system. The subscriber data manipulation server
maintains subscriber information, such as service type and
sarvice period, and plays the roles of service subscription and
withdrawa according to the subscriber’'s requests. The
HdpDek diagnoses any portion of the network and
connections using Continuity Check and Loop back. It dso
recaives the trouble ticket (TT) generated by the ISNM to
repair any mafunctioning part of the network.

The ATM NMS, on the other hand, conssts of four sysem
managers. configuraion, connection, fault, and performance
(ConfMgr, ConnMgr, FaultMgr and PerfMgr). The ConfMgr
maintains the network topology provided by the ISNM and
controls the status of network topology. The ConnMgr
maintains the routing information base embedding the BATT,
which mirrors the network topology maintained by the
ConfMgr. In addition, ConnMgr tekes on the roles of setting up,
rdeasing, and modifying the point-to-multipoint PVCs for
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£ ATM Network
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E System for PMRS ) . A g
> k| RIB including BATT
£ 'l In Memory
@
£ >
5 (FauCog )
o — Self Timer
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ConfMgr Algorithm
< I PerfMgr -
v
///”——;;———\\\ CiB ‘.
Topology b ® Perf. Log
Base (NTB)

RIB: Routing Information Base

EMSs

CIB: Connection Information Base
ConfMgr: Configuration Manager
ConnMgr: Connection Manager
FaultMgr: Fault Manager

® |SNM: Integrated Service and Network Manager
® SDMS: Subscriber Data Manipulation Server
® PS : Provisioning Server

PerfMgr: Performance Manager
PMP: Point-to-Multipoint
BATT: Bandwidth Allocation Timetable

Fig. 9. Implementation model.

supporting PMRS and carries the proposed point-to-multipoint
routing agorithm.

ConnMgr maintains the network topology as a routing
information base, which is used to find the best point-to-
multipoint route. The identified point-to-multipoint route is
maintained in the connectivity information base. The FaultMgr
detects network abnormdities and reports them to the sarvice
levd management components of the ISNM. The PerfMgr
gathers network performance metrics, such asthe trangmisson
convergence (TC) adaptor, cdl levd protocal, traffic load, and
ussge paamge  control/network  parameter  control
(UPC/NPC) every 15 minutes [12]. The ISNM periodicaly
gathers the performance daa from the PerfMgr of the ATM
NM S and andlyzesthem to re-configure each network.

The procedure to provide the point-to-multipoint reservetion
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sviceisasfollows

The SDMS receives a request for point-to-multipoint
reservaion sarvice from a subscriber by computer, phone or
fax. The SDMS asks the ATM NMS if it can support the
requested subscription cons dering network resource utilization
and the point-to-multipoint route. The ATM NMS cdculates
the equivalent bandwidth with the requested ATM traffic
decriptors, such as pesk cdl rate (PCR), sudtainable cdll rate
(SCR), maximum burg size (MBS), and cdl deay variation
(CDV), and then finds the best point-to-multipoint route from
the named source to the destinations with the calculated
equivaent bandwidth. It dso adjusts and adds the BATTs of
links traversng the sdected point-to-multipoint route. The
identified point-to-multipoint route is then stored in the
connectivity information base with the service activation and
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@ Edge Node (38) @Access Node (239)

Fig. 10. High-speed information network (HSIN) topology.

deactivation time. Asaresult of the point-to-multipoint routing,
the ATM NMS advises the SDMS whether the subscription
request can be accommodated. The SDMS natifies the
subscriber of the acoeptance or rejection of the subscription via
computer, fax, or phone.

With an internd df-timer, the ATM NMS controls the
dement management systems (EM Ss) that belong to the point-
to-multipoint route found in step 3 to st up a cross connection
prior to the 30-minute red service activation timefor thetimely
provison of the PMRS, teking into account the EMS
manipulation overhead.

The sarvice management entity (SME) in Fig. 1 is
composed of service and network management systems. The
savice management system of the SME in Fg. 1
corresponds to the provisoning server (PS), HepDesk,
ISNM, SDMS, and SDMS Web Server in Fig. 9. On the
other hand, the network management system of the SME in
Fig. 1 corresponds to the ATM network management system
for the PMRS composed of ConfMgr, ConnMgr, FaultMgr,
and PerfMgr inFig. 9.

We evduated the performance of ared PMRS under KT's
high-gpeed  information network (HSIN) [17], which is
composed of 14 core nodes, 38 edge nodes, and 239 access
nodes. All the core nodes are connected in a nearly full mesh
with synchronous transfer mode—4 (STM-4), while the edge
and access nodes are connected to the core nodes in a dar
topology with STM-1. There are 291 nodes and 908 links,
comprisng asgnificantly large network.

We set a minimum reservation notification time Typin
indicating the time during which a network service provider
mugt confirm the subscriber’s reservation, which indudes the
point-to-multipoint route sdection and the manipulation of
BATTs, aswdl asthe CAC for maximizing network resource
utilization. We aim to confirm the availability of the reservetion
sarvice to subscribers while they are on-line. Therefore, a
mechanism to minimize natification time is crucid. We used a
SUN E6500 equipped with 8 CPUs and 2 G main memory to
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measure the natification performance of the PMRS when
branches are added. We did not use Smulation toolsto messure
the performance because to be sure of the vdidity of our
performance measurement, it was important to use the
paformance of a red sarvice provider. Fg. 11 presents the
noatification performance (Ty) of up to one hundred destinations.
There ae two mgor peformance merics ordering
performance and backtracking performance. In ten dedtinations,
it took 2.13 seconds to validate whether the requested point-to-
multipoint reservation service could be accommodated. In the
worgt case among fifty-one destinations, it took 4.48 secondsto
confirm the service availability.

The ordering performance is constant under the same
network topology regardless of the number of dedtinations.
However, backtracking performance, including CAC and

Notification Performance of PMRS
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Fig. 11. Notification performance (Ty) of PMRS.
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BATT manipulaion, gradudly deteriorates until the number of
degtinations reaches fifty-one. Figure 11 shows thet the same
performance gradudly improves in proportion to the number
of dedtinations when it is around fifty-one. According to an
andyss of subscriber trends in KT's HIIN [17], most
subscribers request the point-to-multipoint reservetion service
for up to ten degtinations. We andlyzed performance under the
condraint of one hundred dedtinations as the maximum
number to vaidate scaahility.

The ordering agorithm manifested a congtant performance
of 1.90 seconds under the same network topology. However,
the backtracking agorithm resulted in higher performance in
inverse proportion to the number of dedtinations when it was
larger than fifty-one. This is mainly because the duplication
ratio of intermediate edges and vertexesincreased in proportion
to the number of dedtingions. Our performance evauation
reveded that the proposed ordering and backtracking
dgorithms for providing best point-to-multipoint reservation
savice yidded good scdability. Because the ordering
dgorithm traverses the entire network topology and determines
the orders of vertexes and edges, its performance was nearly
congant under the same network topology. In addition, the
paformance of the ordering dgorithm depends entirdly on the
complexity of the network topology. On the other hand, the
performance of the backtracking agorithm depends entirely on
the number of destinations.

We dso evaduated the adding branch performance when
the number of destinations of the existing point-to-multipoint
PV Csreachesfive. The peformanceisillustrated in Fig. 12.
Figure 12 reveds that the notification performance of the
adding branch is higher than that of the origind point-to-
multipoint route salection because it does not manipulate the
BATT on the exising point-to-multipoint routes. The
proposed adding branch agorithm results in higher adding
branch performance in inverse proportion to the number of
branches added, which is the most prominent strength of the
proposed adding branch algorithm. Adding branches to the
exiging point-to-multipoint routes gradudly resulted in
improved performance in proportion to the number of
branches added. It took 4.45 seconds when one branch was
added to the existing point-to-multipoint routes with fifty-
one degtinations, while only 3.87 seconds was heeded when
ten branches were added.

With the performance evauation of the proposed point-to-
multipoint routing agorithm under the red network, we
learned that the proposed dgorithm could be applied to ared
large-scde B-1ISDN service network. This point-to-multipoint
ressrvation sarvice management framework  confirms the
possibility of service accommodation within 1.5 seconds when
the number of degtinationsisbe ow ten.

308 Daniel Won-Kyu Hong et al.

V. CONCLUDING REMARKS

This paper proposad a point-to-multipoint reservation service
management framework for B-1SDN and sought to support the
rgpid confirmation of the subscriber’s reservetion and to
provide best point-to-multipoint routing with efficient network
resource utilization. We proposed a bandwidth dlocation
timetable (BATT) concept that considers the maximization of
network resource utilizetion and a high-performance point-to-
multipoint routing agorithm condding of ordering and
backtracking procedures. In addition, we proposed an
dgorithm for adding extra branches to the exiging point-to-
multipoint route.

The mgor concerns of the service provider and subscriber in
supporting the point-to-multipoint reservation service involve
rgpidly confirming the acceptance of the subscriber’s request
and providing timely service. We implemented the proposed
framework using CORBA and IONA Orbix and took into
account  the  didributed nature  of  largescde
telecommunications service and network management systems.
We showed that the proposed ordering and backtracking
dgorithms could be gpplied to large-scde ATM networks by
andyzing the peformance of the time of the point-to-
multipoint route selection and the addition of extra destinations
to an exiging point-to-multipoint route. Our scheme was able
to confirm the admissihility of the subscriber’s requests within
4.03 saconds when the detination was below ten, with BATT
manipulation, CAC, and best route sdection included. KT
provided the point-to-multipoint reservation service using the
proposed framework under the HSIN [17] and had no
complaints from the subscribers.

The ordering dgorithm manifested a congtant performance
of 1.90 saeconds under the same network topology. However,
the backtracking agorithm resulted in higher performance in
inverse proportion to the number of destinations when it was
larger than fifty-one. This is mainly because the duplication
rdio of intermediate edges and vertexes increased in
proportion to the number of destinations. Our performance
evaudion reveded that the proposed ordeing and
backtracking agorithms for providing best point-to-multipoint
reservation service yidded good scalahility. Adding branches
to the exiding point-to-multipoint routes gradudly resulted in
improved performance in proportion to the number of
branches added. It took 4.45 seconds when one branch was
added to the exigting point-to-multipoint routes with fifty-one
degtinations, while only 3.87 seconds was needed when ten
branches were added. A future study will focus on developing
a more degant bandwidth management mechanism for
resrvation sarvice that will minimize the sze of the
bandwidth dlocation timetables.
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