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ABSTRACT

In adaptive mobile network like battle fields or military
applications, the base station configuration may change dy-
namically. Mobile nodes communicate via a base station and
can move freely. This dynamic change together with the con-
straints make the assignment of mobile nodes to base stations
difficult. In this paper, we propose the polynomial-time algo-
rithms to find a good partitioning of mobile node assignment.
We also show that the assignment of mobile nodes to base sta-
tions under bandwidth and communication constraints is NP-
complete. We propose two graph models to represent mobile
node communication requirement as well as base station con-
figuration. Our simulation results show that our techniques
can efficiently give a good performance close to the exhaus-
tive approaches which minimize the frequency of a node that
is not covered by a base station in the dynamic environment.

Keywords: Partitioning algorithms, Adaptive mobile network.

1. INTRODUCTION

A large scale of mobile communication units that may repre-
sent tanks, airplanes, commanding centers etc. need real-time
communications among them. Some units may communicate
with some others directly point-to-point. However, for most
of cases, the communications need to be switched and routed
by a network of base stations. A mobile communication unit
may be inserted, deleted or moved to another geographical
area. Therefore the connection requirement is dynamically
changed. Moreover, the network of base stations is also likely
to be changed dynamically. A base station may be added or
deleted because of the nature of a battle field. The dynamic
structure becomes a challenge for this type of adaptive net-
work.

A similar wireless network can be found in mobile net-
work where mobile consumers can move randomly and freely
while base stations are fixed. However, the network also does
not consider the possible change in base station configura-
tion. On the other hand, in an ad hoc wireless network there
is no base station. An ad hoc network consists of wireless mo-
bile nodes which can act as a router [1]. Many routing algo-
rithms [2-5] are proposed for a better system routing perfor-
mance. The clustering algorithm [6-8] is one of the important
basis, which dynamically selects a cluster head in a cluster,
which behaves as a virtual base station. The cluster head may
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become the bottleneck of the cluster for system performance.
Both system models cannot handle the dynamically change in
wireless network we mentioned above well.

To represent the adaptive wireless network, we propose
two graph models called node connection graph and base sta-
tion network graph. The first one represents the connection
requirements of mobile units while the second one is for the
network of base stations. These graphs represent the actual
geographical configurations. From the two models, finding
an assignment of a node to a base station is reduced to parti-
tioning problem.

In this paper, we propose efficient algorithms to assign
mobile units to base stations base on the two graphs. A valid
partition assignment should satisfy all constraints of each base
station in terms of bandwidth requirement as well as the com-
munication requirement of mobile nodes. An efficient par-
tition should minimize the number of nodes that cannot sat-
isfy its communication requirement. We also show that the
partitioning problem in our case is NP-complete. We pro-
pose three algorithms, i.e. ANB, GREEDY,IGREEDY and
compare them with another two algorithms, i.e. MIN CUT
and MAX(MIN cv left) which exhaustively find an optimal
solution. After the initial partition, mobile nodes can move
freely and randomly. Our simulation results show that while
MIN CUT algorithm has the best result initially, the result is
closed to our approaches, GREEDY,IGREEDY algorithms
in a long run. Of all the three algorithms, IGREEDY per-
forms better than ANB which reduces the nodes not covered
by any base station up to 42%.

The rest of this paper is organized as follows. In Section
2 we introduce graph models and definitions to be used in the
paper. We show that our partitioning problem is NP-complete
in Section 3. Efficient algorithms are presented in Section 4.
Section 5 describes the simulation model and the simulation
results are discussed in Section 6. Finally, conclusions are
drawn in Section 7.

2. DEFINITIONS AND MODELS

We now define some notation to be used in the rest of the
paper.

De nition 2.1. Anode connection graph Gn = (Vn, En, W, S)

is an edge-weighted undirected graph where Vy is a set of
nodes represent mobile units, En is a set of edges represent
communication requirement between mobile nodes, w(en)
represents bandwidth requirement of each edge, and S(vn)
represents a set of base station candidates for each node.



A mobile node may actually contain one mobile unit or a
group of mobile units that can communicate with each other
directly without any channel involvement of a base station.
Different nodes can only communicate with each other by
transmission of a base station or a relay of base stations. Be-
cause of the geographical constraint, a node cannot connect to
every base station. A set S(v) represents which base stations
that node v is able to connect to. The bandwidth requirement
of an edge e (u — V) is represented by w(e). If wand v
are handled by the same base station, we should make sure
the internal base station capacity is large enough to handle
w(e). If uwand v are mapped to different base station, we
should make sure that the bandwidth capacity between these
two base stations is sufficiently large.

De nition 2.2. Abase station network graph Gg = (Vg, Eg,
ce, cv) is a node-weighted edge-weighted undirected graph
where Vg is a set of nodes represent base stations, Eg is a
set of edges represent communication links between base sta-
tions, the edge attribute ce(ey ) for e, € Eg represents band-
width capacity of each edge, and the node attribute cv(vy)
for vy, € V5 represents bandwidth capacity of a base station
for communicating for a set of mapped mobile nodes in Gn .
These mapped mobile nodes are communicating inside base
station vp.

The challenge of mapping a set of mobile nodes to a set of
base stations arises because of the mobility of both base sta-
tions and mobile nodes. The topology of base station network
can be changed, and so can the topology of node connection.
The mobility of mobile nodes leads to the change of S(v).
The challenge may also come from dynamically insertion or
deletion of both base stations and mobile nodes.

We define a legal mapping as follows:

De nition 2.3. A legal mapping is a mapping from the node
set in node connection graph Gy to the node set in base sta-
tion graph G, such that it satisfies the following constraints:

e cv(bi) > 5 w(ei), where cv(bi) is the bandwidth
capacity of a base station b;, and foralle; =u — v
in Gy such that both w and v are mapped to the base
station b;.

e Let W; ; represent the total communication require-
ment between base station b; and b; after the map-
ping. Then, the minimum cut of all the possible paths
from b; to b; with respect to the edge capacity of Gg
must be greater than or equal to Wj ;.

o |fvis mapped to by, b; must be in S(v).

Based on the Gn, Gg and legal mapping definition, our
problem can be described as follows:

Establish a mapping from a set of nodes in Gn to a set
of nodes in Gg, whose mapping result satisfies the bandwidth
capacity constraints for any two connected base station in Gg
and the communication as well as bandwidth requirements
for any two connected mobile nodes in Gn.

Given Gn = <VN, En YW, S) and Gg = <VB, Eg,ce, CV),
after finding a legal mapping, we define:

e Einside(bi) for by € Vg is a set of edges in En
whose corresponding nodes are assigned to base sta-
tion b;.

® Eqcross(bi, bj) for by, b; € Vgyisaset of edges x —
y, where the communication between node x and y
goes through base station b; and b;.

° C\)’(b{) forb; € Vg, as Z w(e) fore € Einside(bi)-

Figure 1: A partition for two base stations.

e ce’(bi,b;) for bi,b; € Vg, as Y_w(e) for e €
Eac’ross(bi‘bi)- Let Ce{)ase(bi) be Zi%i Cel(bivbi)-

e cepase(bi) forb; € Vg, as ) ce(ep) for Vey, ey €
Eg where ep : x — b; for some x.

Let us first consider a simple case with base stations num-
ber is two. Given a graph Gy, the problem is to find a good
partition of nodes in V' for each base station in Gg, such that
the summation of edge weights inside the partition conformed
with a bandwidth capacity of an associated base station and
the summation of the edge weights across the partition con-
formed the bandwidth capacity between two base stations. An
edge of Gn may be a partition across two base stations for a
legal mapping. Note that the edge inside the partition will
consume a base station’s bandwidth capacity cv, while the
edge across the two partitions will consume the bandwidth
capacity ce of the two connected base stations.

In Figure 1, there are two base stations, by and b,. For
b1, Einside = {(aab)) ((1, d)a (Cl, C)‘l (C, d)}, o = 3+
4+2+1=10.Forbz,cv’'is10and ce’ is17. Eqcross =
{(bv e)v (bvf)v (dvf)v (Cv g)}and cel':)qse(b1 ) = ce{)qse(bz) =
ce'(b1,b2) =4+5+3+5=17. Ifthis is a legal mapping
by satisfying Definition 2.3, the Gg must have cv(bq) > 10,
cv(by) > 11, ce(E) > 17.

3. PARTITION PROBLEMS

To solve the problem defined in Section 2 we consider differ-
ent minimization criteria as follows:

INSTANCE: Graph Gn = (Vn,En,w,S) for node
connection, graph Gg = (Vg, Eg, ce, cv) for base station,
n for the number of nodes in Vg, nonnegative integer K.

e Questionl Can we partition Vy into n disjoint
sets Vg, ... VB, such that for each base station b,

cv(bi) —cv’(bi) is at least K and for Ve; € Eqcross
we can find available bandwidth from e; € Eg such
that ce(e;) > ce’(ei).

e Question2 Can we partition Vy into n disjoint
sets VBb1 ...Van such that for all base stations, %
<Y 1 cevi(bi) is at most K and cv(bi) > cv'(bi),

i=1

for Ve; € Eacross We can find available bandwidth
from e; € Eg such that ce(e;) > ce’(e).

e Question3 Can we partition V into n disjoint
sets Vg, ... Vs, suchthatfor &3, cepqse(bi)

isat most Kand cv(bi) > cv'(by), forVe; € Eqcross
we can find available bandwidth from e; € Eg such

that ce(e;) > ce’(es).



In practical, Question 1 is to maintain an available band-
width k for future burst node communication requirement

of every base station. Question 2 tries to minimize cv’ and

Question 3 tries to minimize ce’.

We will show that to find

an optimal algorithm for above questions are NP-complete.

Theorem 3.1. The problem for Question 1 is NP-complete.

Proof.

2.

1. The problem is NP. We can simply test the con-
dition in polynomial time.
We know the PARTITION [9] problem is a NP-complete
problem, which is:

INSTANCE: A finite set A and a “size” s(a) € Z™ for
each a € A.
QUESTION: Is there a subset A’ C A such that

> sfa)= ) s(a)? (1)

acA’ aceA—A’

For a given instance of PARTITION problem, we can
follow the below process to transform it to an instance
of problem for Question 1:

Let the base station number n = 2 and K = 0. For
Va € A, let cv(b1) = cv(b2) = 3 Z a) and the
weight of ce for every pair of base stations be a very
large number.

For each a; € A, we will have an edge with the same
weight as s(ai) for Gn. The two nodes connected
by the edge can be named as vz; and vzi 1, i.e., VN
= {v2i,v2i+1Vai € A} and |[Vn| = 2 |Al. We
connect node v,; to every other nodes (except node
v2i+1) With a weight 3 3 s(a) + 1. Thus graph Gn
is a complete graph and for every edge, its weight is
either in the set of A (if the edge Is between nodes v
and vai41) OF Z a)+ 1. Each node in V' can be
covered by any base statlon. This transformation can
be done in polynomial time.

According to the bandwidth constraint for legal map-
ping, the edges with weight > 15 s(a) + 1 can not
be in neither base station b, nor bz Then a parti-
tion of node set Vi in graph Gy to two node sets
VBb] and VBbZ guarantees that all edges with weight

in the set A is either in base station by or in b,. With
a legal mapping, only those edges can be inside one
base station. Otherwise, some nodes may not be in-
cluded by base stations. Because we define K = 0 and

cv(b1) = cv(b2) = 3 15 s(a), if we have a solu-

tion to Question 1, we must have the same solution to
PARTITION instance of NP-complete problem.
|

Theorem 3.2. The problem for Question 2 is NP-complete.

Proof.

2.

1. The problem is NP. We can simply test the con-
dition in polynomial time.
The MAX CUT problem in [9] is NP-complete, which
is described as:
INSTANCE: Graph G = (V/,E’), weight u(e) € Z*
for each e € E, positive integer M.
QUESTION: Is there a partition of V into disjoint sets
V; and V; such that the sum of the weights of the
edges from E that have one endpoint in V4 and one
endpoint in V3 is at least M ?

3.

For a given instance of MAX CUT problem, we can
follow the below process to transform it to an instance
of problem for Question 2:

Let the base station number be n = 2 and two base sta-
tions be by and b,. Forgraph G, let] = 3~ w(e),Ve €
E’. Graph Gy has the same node and edge set as graph
G, which means E =E', Vn = V' and Ve,w(e) =
u(e). LetK = (] — M) and the weight of cv, ce
for every base statlon i.e. cv(bi),cepase(bi), be J.
Every node can be covered by either b, or bz, which
defines S for graph Gn. The formation of graph Gn
and Gg can be done in polynomial time.
We can prove that if we can solve the problem for
Question 2, we can find the solution for the MAX CUT
problem. A cut makes graph G into two parts. Each
part is covered by one base station. That means the
edge between the two connected base stations will have
weight ce’, which is the value of cut. Since ] =

v/ (b1) + cv’(b2) + ce’(by, b2), graph G, J is a
fixed value. If ce’(by,b2) isatleast M, 3 (cv’(b1) +

v'(b2)) is at most 4 (J — M), which is K. Thus given
that each node can be covered by by or b, if we have a
solution for question 2 for graph G, ‘7 Zf:1 cv’(by)
is at most K. That means the cut for partition is at
least M, which is the solution for the MAX CUT NP-
complete problem for graph G.

|

Theorem 3.3. The problem for Question 3 is NP-complete.

Proof.

2.

1. The problem is NP. We can simply test the con-
dition in polynomial time.
The MINIMUM CUT INTO BOUNDED SETS prob-
lem in [9] is NP-complete. The problem is:
INSTANCE: Graph G = (V’,E’), weight u(e) € Z*
for each e € E, specified vertices s,t € V, positive
integer B < [V, positive integer M.
QUESTION: Is there a partition of V into disjoint sets
V7 and V3 such that such that s € V4,t € V3, [V <
B, |V,| < B, and such that the sum of the weights of
the edges from E that have one endpoint in V7 and one
endpoint in V is no more than M ?

For a given instance of MINIMUM CUT INTO BOUNDED

SETS problem, we can follow the below process to
transform it to an instance of problem for Question 3:

Let the base station number be n = 2, and we have
b and b,. Graph Gn has the same node and edge
set as graph G, which means E = E’, Vn = V' and
Ve,w(e) = u(e). Let] = > w(e),Ve € E, the
weight of cv, ce for each base station be J. We build
S of graph Gy such that each base station can cover
B nodes, which are from nodes in Vy and node s is
only in by while t only for b,. Let K = M. The
transformation to graph Gn and Gg can be done in
polynomial time.

Two base stations are connected with weight ce’. We
know that a cut with ce’ less or equal that K is an an-
swer for Question 3. If we have a solution for Questlon
3 with graph G, we find a partition with ce’ = K,
which is also a cut with value no more than M. = K for
the MINIMUM CUT INTO BOUNDED SETS problem
with graph G.

O



4. ALGORITHMS

We already know that the partition of nodes to different base
stations under certain criteria is an NP-complete problem. For
a small system, it is possible to get an answer by exhaustively
generating all possible partitions. However, in general we
have many nodes and base stations. An exhaustive approach
is very much time consuming and thus inefficient. Further,
even if we get the best solution for an initial partition, when
the mobile nodes move the partition has to be recalculated.
Otherwise, some nodes may not be able to communicate.

In this section, we present heuristic algorithms to solve
the partition problem. According to Definition 2.1, each node
can be in transmission range of several base stations. We pro-
pose three different algorithms below:

e ANB: Assign a node to the closet base station.

e GREEDY: Assign a node to the base station that has
the most available capacity.

e IGREEDY: Assign a node to a base station to main-
tain the maximum system overall available bandwidth.

For a small network such as 10 mobile nodes with 2 base
stations, one may use the exhaustive approach as follows.

e MIN CUT: Generate all possible partitions and se-
lect the one that has a minimum cut. If there is a tie,
the partition which contains the maximum number of
nodes will be selected first. This is according to Ques-
tion 3 defined in Section 2.

o MAX(MIN cv left): For all possible partitions, select
one that has maximum value of all the minimum avail-
able cv capacity for all base stations. If tie, the par-
tition which contains the maximum number of nodes
will be selected first. This is according to the Question
1 defined in Section 2.

Note that we do not propose any method to solve Ques-
tion 2 defined in Section 2 by an exhaustive approach. This
is because when cv value is small for a partition, the ce value
would be large. Usually, cost ce’ for the communication be-
tween base stations are more expensive compared with cost
cv' for the communications inside a base station.

4.1. ANB Algorithm

Given a node connection graph GN and a base station net-
work graph Gsg, for node Ny, S(N;) = {bi,,bi,,..., b1, },
which means node N is in the range of any hase Station from
bi, tob;, . ANB algorlthm is shown as following:

1. Initialization: Let node set V411 = VN, Which con-
tains all nodes in Gn. Let node set Vpartitioned =

2. Partition: Arbitrarily select one node from node set
Vau and add it to set Vi areirioned. Let this node be
N;. If node Nj is in base station range of by, for a le-
gal mapping, thls node is assigned to base station by, .
Otherwise, we continue to test all other available base
stations in set S(N:) until we find a legal mapping. If
none of them satisfies the legal mapping, this node can
not be assigned to any base station.

3. If Vquu # &, go to step 2.

If VNl = n, in Step 2, the time complexity is O(n).
ANB algorithm finished after n loops, which can be seen
from Step 3. Thus the time complexity for this algorithm is

o(n?).

4.2. GREEDY Algorithm

The GREEDY algorithm is similar to ANB in Step 1 and
Step 3. The difference is in Step 2, which is as follows.

Partition: Arbitrarily select one node from node set V11
and add itto Vpartitioned. Letthisnode be N;. For all avail-
able base stations in S(N), select one which has the most
available bandwidth. Assign node N; to this base station. If
this is a legal mapping, go to Step 3. Otherwise, we continue
to test all other available base stations in S(N), starting from
the maximum available capacity in descending order until we
find a legal partition. If we cannot find a legal mapping, this
node cannot be assigned to any base station.

The available bandwidth for base station b; can be de-

Scribedasy*(cv(b-)—cvl(bi))—l—ﬂ— )*(cepase(bi) —

Cebase(b )) and y is a parameter which is 0 < vy < 1.
The time complexity for GREEDY algorithm is the same as

ANB, which is O(n?).

4.3. IGREEDY Algorithm

This algorithm is improved from GREEDY algorithm. The
difference is that we don’t select nodes in arbitrary sequence.
Let #(N;) be |S(Ny)| for node Ni. We first consider nodes
whose #(N3) is small and assign partition to partition them.
Then the algorithm can be described as follows.

1. Initialization: Let node set V411 = VN, Which con-
tains all nodes in it. Let node set Vpartitionea = ¢
and Level = 0,and n = |Vg|.

2. Select all nodes N; from node set V411 with #(N;) =
Level. Add all these nodes to set Node(N).

3. From set Node(N3), select one node N; such that if
we assign it to be in one available base station, the new
system cost (3T ; cv'(bi) + Y14 Cepase(bi)) is
smallest. Move this node N; from node set V11 to
node set Vpareitioned. Remove this node from node
set Node(N;).

4. 1f Node(N:) # ¢, gotostep 3. Otherwise, let Level =
Level + 1.

5. If Vqu # &, go to step 2.

In Step 3 if node N; cannot be assigned to any base sta-
tion because of capacity constraints, the new system cost can
be infinite. If there are ties, we arbitrarily choose one. The
system cost here is used only for deciding which node to be
considered next. In Step 3, the time complexity to get the

new smallest system cost is O(n?) because for every node in
the same level, we can compute the smallest system cost in
O(n) and we need to search the smallest cost for all nodes in
this level, which takes another O(n) time. Thus the improved

greedy algorithm has the time complexity O(n?).

Given two base stations, as a and b, each one has the
same radius which is 50 meters and they are in each other’s
transmission range. Ten mobile nodes are created randomly
in a rectangle area by 135 (meters) * 80 (meters). The nodes
closed to each other will have a high rate of busy communi-
cation. Thus, we assign an edge between them with a large
weight. Each node has the number of edges between 1 and 4.
The graph is shown in Figure 2.

From Table 1, we can see that different algorithms have
different partition results under the graph in Figure 2. This
is not the case however. With some graphs, some algorithms
will have the same results. The resulting partitions show that



Algorithms Base Station a Base Station b ce'(a,b) Nodes not covered
covered nodes | cv’ covered nodes | cv’

ANB 01245 14 6,89 0 15 3,7

MIN CUT 0,2,7,9 11 1,4,5,6,8 15 11 3

MAX(MIN cv left) 0,257 10 1,4,6,8,9 10 17 3

GREEDY 25,79 12 0,1,4,6,8 9 16 3

IGREEDY 24,7 5 0,1,6,8,9 4 13 35

Table 1: Partition comparison for different algorithms.

80 m

Figure 2: An example for arbitrary nodes in two base stations.

MIN CUT, MAX(MIN cv left) and GREEDY have a better re-
sult which has only one node not covered by any base station.
Note that when mobile nodes are moving, some nodes may
not be covered by any base station because they roam away
from its current base station. Thus the good initial partition
will result in the minimized number of nodes which are not
assigned to a base station on overall. In Table 1, it is shown
that MIN CUT has least ce’ cost which is 11 while MAX(MIN
cv left) with maximum of minimum cv — cv’ which is 6.

5. SIMULATION MODEL

We evaluate the performance of different algorithms through
graphs created randomly where mobile nodes are moving as
time passes. The performance of algorithms is measured by
the number of nodes which are not covered by any base sta-
tions during a fixed time interval. In the simulations, we com-
pare different algorithms.

As we proved in Section 2 that MIN CUT and MAX(MIN
cv left) are both NP-complete, the simulation for these two
algorithms for a large system takes a lot of time. We need
to search all possible partitions and select the best partition
where the complexity is exponential. From Figure 2 to gener-
ate all possible partitions of nodes 0,1, 4,5, 9 would require
that we compare 3% partitions (and in some cases we require
3'° comparisons if all ten nodes are both in base a and base
b). We prepare two systems, called small system and large
system. In the small system, all five algorithms are compared,
while in the large system we only simulate ANB, GREEDY
and IGREEDY algorithms.

e Small System: A small system use the configuration
as in Figure 2. Two base stations have fixed center and
they both can communicate with the other. Each one
has a radius of 50 meters. The number of mobile nodes
is 10, which are randomly scattered in a rectangle area
by 135 (meters) * 80 (meters).

e Large System: 30 mobile nodes and 5 base stations
are simulated for a large system. Initially, all nodes are

70m 100 m

80 m

120 m

Figure 3: The large rectangle contains mobile nodes and the small
rectangle contains scattered base station centers.

randomly scattered in a rectangle area by 120 (meters)
* 100 (meters), while all base stations’ center are ar-
bitrarily scattered in a small rectangle area by 80 (me-
ters) * 70 (meters), which is shown in Figure 3. The
radius of all base stations is the same which is 60 me-
ters.

Each base station has the same bandwidth capacity cv.
This is determined by the total edge weights and the number
of base stations in the system. The available bandwidth ce for
links between base stations is selected in such a way that all
available ceyqse(bi), for the base station bs is a little bigger
than its cv.

The weight of an edge in the node connection graph means
that the two corresponding mobile nodes require the same
bandwidth for their communication. One node Is covered by a
base station if and only if all its outgoing edges consume the
same from the base station, except for some edges to other
nodes that are not covered by any base station. For one edge
whose nodes are in the same base station, its weight will con-
sume the cv of the base station. For an edge u — v where
u,v are in two different partitionsb;, b2, w(u,v) will be
subtracted from ce(b1,b2). When nodes are moving, their
edges’ weights are kept the same. For example, the parti-
tion of graph in Figure 2 by algorithm ANB makes base sta-
tion a to cover nodes 0, 1,2,4,5, its used channel bandwidth
is cv’ = 14 and ce’ = 15. The cost of cv’ comes from
w(0,5) + w(1,4) + w(1,5) = 4+ 6 +4 = 14, while
ce’ derives from w(0, 9) +w(1,9) + w(2, 8) + w(4, 8) +
w(5,6) +w(5,9) =34+1+14+34+2+5=15.

When we have more than two base stations, two base
stations may not communicate with each other directly. We
should find a path through several base stations, which forms
a communication path for two connected nodes. Thus the
weight of the edge will consume the ce along the path. Dur-
ing the simulation for algorithms GREEDY and IGREEDY,
we try to find the shortest path between two connected nodes,
which has a small number of base stations along the path.

After finding an initial partition for a given graph, nodes
can move randomly. For the initiated graph, nodes which are
closed to each other have a high probability for their busy
communication, which means the edges connecting between
them have a large weight. For connection for two nodes with a
large distance, the edge weight will be small. 1f a node moves
away from its current base station, it may need to find a new
base station. The system is simulated many iterations. An



iteration begins with an arbitrarily created graph and is simu-
lated for 10,000 time slots. After several time slots, any node
who is not covered by a base station will request for available
base station. If there are several base stations available at the
same time, above algorithms will arbitrarily select one.

6. SIMULATION RESULTS

The performance of an algorithm is measured by the number
of nodes that are not covered by any base station for a fixed
period. In every iteration, a new node connection graph is
simulated for the duration of 10,000. In the large system, we
have a new base station network graph for each iteration. For
a small system, we compare the results of all five algorithms
assbulming two fixed base stations. The results are shown in
Table 2.

Algorithms ANB MIN CUT MAX GREEDY IGREEDY
Titeration 16,061 6,061 6,061 6,061 6,061
5iterafions 12,757 6,601 9,616 10,185 8,807

I0iterations | 14,246 9,548 11,055 11,321 11,020

Table 2: Average # mobile nodes not covered for a small system
with five different algorithms in one iteration.

From Table 2, when each base station has limited band-
width capacity, the ANB algorithm gives the worst result
while MIN CUT gives the best result. However the data
show that the other four algorithms do not have too much dif-
ference when the iteration numbers become large. This is be-
cause the algorithms give an initial partition. Even though the
initial partition shows that most nodes are covered, it cannot
guarantee that when nodes are moving the same partition will
still remain the best result. When only with one iteration, the
results have much random property for special case. How-
ever with more iterations, we get a fluent reasonable results.
Thus for a big system, even in a real system GREEDY and
IGREEDY algorithms can be efficient partition methods. For
a large system with 30 nodes and 5 base stations, we compare
threeéxllgorithms, ANB, GREEDY and IGREEDY, as shown
in Table 3.

Algorithms ANB GREEDY IGREEDY
Titerafion 28,692 12,639 18,692
5iterations 35,032 24,696 14,092

I0iterafions | 37,553 26,150 21,681

Table 3: Average # mobile nodes not covered for a large system
with three different algorithms.

The simulation results in both tables show that IGREEDY
algorithm always comes up with good graph partition com-
pared with ANB and GREEDY algorithms. For a small sys-
tem, the partition given by IGREEDY algorithm shows about
1.1 nodes not covered by any base station in one time slot for
a small system for 10 iterations. While in a large system about
2.1 nodes are not covered by any base station per time slot.
The available base stations and their available bandwidth di-
rectly affect results. For the large system in Table 3 if we
increase cv and ce by half, new results are shown in Table 4.
All results show that the number of nodes not covered by a
base station decreased for every algorithm.

Algorithms ANB GREEDY IGREEDY
Titerafion 18,692 12,639 18,692
5iterations 23,032 19,241 13,284

I0iterafions | 28,553 23,423 21,277

Table 4: Average # mobile nodes not covered for a large system
when bandwidth available is increased for three different algorithms.

7. CONCLUSION

In a mobile network, base station is fixed and cannot move.
A mobile node may not be covered by a base station when
it moves. The challenge of the problem is that new mobile
nodes and new base stations maybe introduced dynamically.
With this dynamic nature, we propose algorithms to find a le-
gal initial partition, which assign mobile nodes to base sta-
tions to minimize the nodes not covered by any base sta-
tion. We show that, to find the best partition for the prob-
lem will be NP-complete. Our simulation results show that
the proposed algorithms, i.e. GREEDY and IGREEDY, give
the performance close to optimal ones by MIN CUT and
MAX(MIN cv left). The results also show that on aver-
age IGREEDY algorithm has a better performance than the
GREEDY algorithm. The time complexities of both algo-

rithms are O(n?) and O(n?) respectively.
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