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In this thesis, distribution network design in hierarchical enterprise network
method has been proposed. This thesis considers the possibility to directly connect
some node pairs in distribution networks. The proposed design model in this thesis
is composed of 6 subproblems which are appropriate number of core node problem,
core location problem, appropriate type of core swilch problem, distribution topology
design problem, routing problem and capacity allocation problem.

The proposed design problem in this thesis had been formulated as Integer
Programming problem. The objective of our mathematical model is total cost mini-
mization while the designed networks can serve required demands, To evaluate our
proposed design method, the comparison of cost and average node utilization between
our proposed method and the traditional design method, which is distribution design
method ignoring the possibility to directly connect between distribution node, had been
performed. The findings show that network designed by our proposed method give less
or equal total network cost.
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input output
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. Location Total cost of network

. End to end demand
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. the locations Network Topology
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. cost per module
. capacity per module
capacity assigned
link on each link
. Set up cost
. cost per module
. capacity per module
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Abstract

This paper proposed a topology design
approach of subnetwork in hierarchical network. The
design approach is formulated as an integer
programming problem. Our objective is to find the cost
effective structure of hierarchical network by reducing
the cost of subnetwork level. By comparing the network
designed by our approach with the network designed by
the traditional method, our network cost is always less
than or equal to the traditional network. Moreover, in an
extreme case, the cost could be reduced by 40 percent.

Keywords:Hirerarchical network;network design;
topology design

1. INTRODUCTION

Due to the explosive growth. of
telecommunication technologies, no one can deny that
we are now living in the information age. Therefore, the
problems of how to design networks servicing a large
number of users became crucial because even the
campus networks must support more than thousands
users. Consequently, most of campus networks were
designed as multilevel hierarchical networks consisting
of many subnetworks separated by geographical,
administrative and addressing reasons [1]. Subnetwork
nodes are connected to segments, which are connected
to end users, and to backbone network.

Because of the design problem complexity,
generally network design problems are broken into
phases where each phase handles a subproblem and
makes decisions which are fixed and used as input to the
next phase [2]. To assign subnetwork nodes- to-each
backbone node, this can be viewed as a general version
of hub location problem. Most of the facility location
problems assigned the low level nodes to the backbone
node as star topology [3]. Many research works have
tried to avoid drawbacks of the problem by proposing
methods to design problem as a whole, i.e. designing
both backbone network and subnetwork simultaneously
[4], [5], [6]. However, all of their assumptions about the
subnetwork topologies are star, ignoring the chance to
connect any subnetwork node together even though
some of them are close and have a lot of traffic flow
across. Therefore, this paper was developed by the

assumption that if we connect subnetwork to backbone
network without any subnetwork pair connection may
lead to the penalties of network costs.

The next section describes the model
formulation, while Section 3 reports the findings of our
design method. At last, the conclusion section includes
suggested future implications of this paper.

2. MODEL FORMULATION

In this paper we considered subnetwork node
assignment problem where subnetwork node can
possibly be connected together due to connecting
feasibility factors such as the obstruction, distant and
geography.

We assume that the following information is
known. (1) the location of subnetwork nodes; (2) the
inter-traffic between each subnetwork; (3) the locations
of backbone candidate nodes; (4) the set-up cost of each
type of switch at every backbone candidate node, its
capacity and number of port; (5) the set up link cost; (6)
the cost per module of link and capacity per module of
each link; (7) the maximum number of ports in each
node; (8) the feasibility value of possible connection of
any node pairs in subnetworks. We assumed that once
the subnetwork link is constructed, it can be only a
direct link exchanging the flow between its origin and
destination node.

2.1 Notations

e | :setof backbone candidate nodes

e J :setof subnetwork nodes

o T . set of types ‘of switch in each backbone
candidate nodes where t; is the number of types
of switch at node i

e t; :number of types of switch i

f : set-up cost of backbone candidate nodes when
switch type t is chosen
f J-“ . set-up cost of link between subnetwork node i

and backbone node j in case that switch typet
is chosen

fy o set up cost of link between subnetwork node ]
and subnetwork node k ( f =0if j>k)
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cijt : variable cost (per one module) of link between

subnetwork node i and backbone node j in case

that switch type t is chosen

Cj : variable cost (per one module) of link between
subnetwork node j and subnetwork node k

dj : demand in Mbps from subnetwork node j to
subnetwork node k

P; 1 maximum number of ports of subnetwork node
j

P": maximum number of ports of switch type t at
node |

N capacity in Mbps of switch type t at node i

mijt: number of modules required on link between
subnetwork node j and backbone node i

when switch type t is chosen
mj, : number of modules required on link between

subnetwork node j and subnetwork node k

(my=my)
it . PR s
L'J- : capacity in Mbps per one module of link between

subnetwork node jand backbone node i when

switch type t is chosen
Lj  capacity in Mbps per one module of link

between subnetwork node j and subnetwork

k}t maximum number of modules which can be

installed on link between subnetwork node
j and backbone node i when switch type t is
chosen

kj maximum number of modules which can be
installed on link between subnetwork = node
j and subnetwork node k

sj = 1if there is a feasibility to set up link between

subnetwork-j. and'subnetwork node k ,

= 0; otherwise
x =1 if backbone candidate node i is chosen by
using switch type t,
=0 ; otherwise
xijt =1 if subnetwork node j is assigned to backbone

candidate node i which uses switch type t,
= 0; otherwise

xj =1 if link between subnetwork node jand

subnetwork node k is installed
=0 ; otherwise
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. ;/ij‘k =1 if subnetwork node | is assigned to backbone
node i which uses switch type t and link there
is no link between subnetwork node jand

subnetwork node k
= 0 otherwise

(Note that 7 = x| x(1—X) )

2.2 Subnetwork design problem formulation

We formulated our subnetwork design problem
as the following integer programming presentation.

Objective function
Minimize

D)
ZE E z FUX 0 e my + X +Cj My (D)
i=L t=1 j=L k=1
The objective function is to minimize the total
cost of network composed of set up cost and variable
cost which depends on the number of required link
modules.

Subject to
G
D xt<1 viel )
t=1
Constraint (2) represents a condition that only

one type of switch can be used at each backbone node.
[

D=1 vjel ?)
St =1
X <x"  Vjel Viel (4)

Constraint (3) and (4) dictate that each
subnetwork node must be assigned to only one
backbone node which is chosen.

J

D milf <N"X" viel vteT, (5)
j=1

Z:m'jt <p"™" ‘Wiel vteT, (6)
j=1

Constraint (5) and (6) are the limitations of
backbone node capacity and port respectively.

mi' <ki'x] Vjel Viel vteT @)

mi > Viel Viel vteT (8)
Constraint (7) and (8) are conditions of

required modules on link between subnetwork node and

backbone node.



Constraint (9), (10) and (11) are conditions of the

number of modules on link between any node pair in
subnetwork level..

Lt J
ZZm'jt+ijkng (12)
i=1l t=1 k=1

Constraint (12) is a condition that the total
modules connected to each subnetwork node cannot be

more than its available ports.

dyXj <muly VjelvVkel (13)
idjkyi;sm‘;u} Vjel Viel vteT (14)
D dgyf<miLt Vjed viel vteT (15)

whke:rle

7’|th :Xijtx(l_xjk)
Constraint (13), (14) and (15) are link capacity
constraints. As we know that term X x(1—X;) is a

quadratic term, so we linearized it by using three
following equations.

Vi <X§ VjelvkelViel VteT (16)
Vi S@-x3)  ViedvkelViel vieT a7
X=X <yj VielvkejvielVteT  (18)

3. NUMERICAL RESULTS

In this section two experiments were computed
by using CPLEX Mixed Integer Optimizer program.
The objective of our experiment is to find the network
cost by comparing the cost of our designed networks
with a traditional star network design. First objective of
the first experiment is to obtain the topologies of the
same input networks which used different design
method. The objective of the second experiment is to
compare the cost of network when various numbers of
subnetworks were adopted.

3.1 Experiment 1

In this experiment we assumed that there are 3
locations where backbone nodes can be installed,
represented by the pentagon in figure 1.The subnetwork
nodes are represented by the circles around those
pentagons. We assume that the demand patterns of all
node pair are uniform. At each site, we assume that
there are two types of switches are provided, but only
one type of switch can be used at each site. Where the
cost, capacity and ports of switch type 2 is twice greater
than switch type 1. The variable costs per module and
feasibility values depend on the distances between each
node pair.
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Figure 1 Input for experiment 1

o

Figure2 Output of experiment 1 when traditional
design approach is used.

NN

o

Figure 3 Output of experiment 1 when our design
approach is-used.

In Figure 2 and 3, square and triangle represent
switch type 1 and type 2 respectively. The network cost
of star topology is 964 unit prices while the other is 851
unit prices. In figure 3, one of the backbone nodes can
use a smaller switch because they have connections in
subnetwork level which leads to the smaller amount of
traffic sent to backbone node. The smaller switch used
results in lower cost because the switch price is more
expensive than the link price.



3.2 Experiment 2

In this experiment, we set the conditions
similar to the first experiment that there are three
locations of candidate backbone site where each site has
two types of provided switch. The traffic patterns are
still uniform as same as the previous experiment.
However we varied the number of subnetwork nodes
from 4 to 15 nodes to find out the cost of network when
each design method is used.

cost

T 18

B 4 10 12
number of subnetwaork nades

Figure 4 The comparison of network cost when various
number of subnetwork is used

Figure 4 shows that the cost of network
designed by our approach less than or equal to cost of
the traditional network for every number of subnetwork
node. The most distinctive case is when the number of
subnetwork nodes equals to 10. The cost difference is
about 40 percent because the network designed by our
approach requires only 2 backbone node while the
traditional network need at least 3 backbone nodes.

4. CONCLUSIONS AND FUTURE IMPLICATIONS

We have presented a method to design the
subnetwork in hierarchical network. Our findings show
that by using our designed-approach, thereis no case
that our designed approach leads to the higher network
cost. As we know that once the subnetwork are
connected, the backbone load will be reduced which
lead to the decrease of total network.cost since the cost
of backbone network is much more expensive than
subnetwork link cost.

By using the link between subnetwork nodes as
a direct link, we expect that the delay of the packet
should be better than sent flow though backbone
network, especially in case that the backbone network is
congested. The routing table is one of parameter must
be considered since our design method give the more
complex network. Our ongoing work will focus on the
over all network design, which design both backbone
network and subnetwork simultaneously, because we
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truly believe that it will lead to the more cost effective
network.
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