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ABSTRACT

In this paper, we propose a data matching method to reduce the data collision in a
multiple-channel wireless broadcasting system. Data collision occurs when two sets of
data within a same query were transmitted to a mobile client on two different channels at
the same time slot.  Since the mobile client can only access one channel at the same time,
data collision forces the mobile client to wait for another broadcast cycle. This leads to
an increase of the system delay and slows down the system efficiency. Hence, reducing
the data collision in data scheduling can improve the utilization of a wireless broadcasting
system. The idea of reducing data collision is to find an efficient method to match data
on different channels and re-schedule their position on the broadcast schedule. The
proposed method is based on the technique of solving the maximum bipartite matching
problem. The maximum bipartite matching problem was derived from the problem of
finding the maximum flow in a flow network. The Ford-Fulkerson method, which is a
solution to solve the maximum flow problem, was introduced to the proposed method.
We have shown that the proposed method can reduce the data collision in two-channel
broadcast scheduling as well as in multiple-channel broadcast scheduling.

Keyword: data collision, data matching, broadcast scheduling, wireless broadcasting,

multiple channels

Vii



Contents

Chapter 1 INtrOAUCTION ......coiieiieeec e 1
1.1 BACKGIOUNT ...ttt bbb 1

1.2 RESEArCN ODJECLIVES ......oviiiiiiieitieiieieee et 3
Chapter 2 Related WOTK ..........cooviiiiiiicic e 5
2.1 Network cONNECtion SIUCTUIES.........coviiiieieieie e 5

2.2 Broadcast MEtNOMS .........ccuciiiiieieii i 6

2.3 Broadcast ChannElS.........cccoeeieriiiiiiesieeee e et 7
Chapter 3 Maximum bipartite matching for the data collision problem ........ 9
3.1 Broadcast scheduling problem ... 9

3.2 BASIC IUBA .eevveeiie ettt et re et e re s 10

3.3 Problem transformation.........ccocveciiieiieie e 11

3.4 Ford-Fulkerson Method ..........c.coveiiiieiieie e 14

3.5 Maximum bipartite MatChiNg .........cocoveiiiiiiiiiee e 15
Chapter 4 Performance Evaluation ...........c.ccccovveiiiiic i, 18
4.1 SIMUIAtION MOGEL. ..o e 18

4.2 SIMUIAtioN @NAIYSIS........ociiiice s 18
4.2.1 Number of data items (N)......ccceeieiiieiieie e 19

4.2.2 Number of qUEries (Q) ..cveireiieieci e 20

4.2.3 Ratio of items in a query to data items (R).......c.cccevvvievveveiieceece e 21

Chapter 5 CONCIUSION.......uiiieiecie e 23
RETEIEINCES ... 24

viii



Figure

Figure 1-1, the relationship between mobile clients and fixed hosts..............cccooveveiieiiennnn 1
Figure 1-2, the relationship of the broadcast factors, access time and tuning time............... 3
Figure 2-1, an ad-hoc network constructed with three mobile clients............c.ccccoevveinennnne 5
Figure 2-2, the architecture of a typical wireless broadcasting SyStem ...........ccccocvvverennninns 6

Figure 3-1, (a) the example of the data collision in multiple-channel broadcast schedule, (b)
the result of reallocating d7........cve i 10

Figure 3-2, (a) a two-channel broadcast sequence transformed into a bipartite flow network,
(b) a bipartite flow network with query Constraint...........cccocevcviieieenisie e 12

Figure 3-3, (a) a graph of all possible connections of d, (b) the removal of the connection of

G2 BN A7 bbbt 13
Figure 3-4, (a) a graph of all possible connections of each node in the network, (b) the

constraint queries applied t0 the graph ... 14
Figure 3-5, the result of applying Ford-Fulkerson method of the expanded graph............. 16
Figure 3-6, the result of switching the data items on the broadcast sequence..................... 17

Figure 4-1, the comparison of the data collision rate of the original and the bipartite with
various NUMDErS OF data ITEMS .......cviieiie e 20

Figure 4-2, the comparison of the data collision rate of the original and the bipartite with
Various NUMDEIS OF QUETTES ......oueiuieieieiteiteeii sttt ettt 21

Figure 4-3, the comparison of the data collision rate of the original and the bipartite with
Various NUMDEIS OF FALIOS .....c.veieieiiiieiie ittt sbe st nneas 22



Table

Table 1, the effect of the number of data itemMS. .. .....oovriin i e

Table 2, the effect of the number of queries

Table 3, the effect of the number of ratio parameter.............cocviviii i,



Chapter 1 Introduction

1.1 Background

As the communication media move from wire to wireless, small powered mobile
devices, such as cellular phones, personal digital assistants and pocket computers, are
already changing our modern style of living. We are getting used to talk to friends via
cellular phones rather then home phones and pay phones. Personal digital assistants that
support global positioning system can navigate the directions to find the roads to the
destination when we are traveling. Moreover, portable computers equipped with wireless
network device have become a standard requirement in the computer industry, so that we
can easily access Internet indoor and outdoor through laptop computers.  All these newly
developed phenomena are emerged from the mobile wireless technologies. Mobility has

become one of the major design concerns of today’s consumer electronics.

Wireless radio cell

Mobile Clients

u Base Station

Fixed Network

Base Station

Base Station

Mobile Clients

Wireless radio cell

Figure 1-1, the relationship between mobile clients and fixed hosts



Mobility relies on a well-constructed wireless communication network, which consists
of two sets of entities: mobile clients and base station. Figure 1-1 demonstrates the
relationship between these two sets of entities. The base stations are equipped with
wireless interfaces, in which they have the capability of connecting the mobile clients and
the fixed network together. The base station is also referred to access point. Mobile

clients communicate with the fixed network via the base stations.

One of the major characteristics of wireless communication network is the asymmetry
in the communication [6]. The downstream communication is referred to the direction of
data sending, which data is sent from the base station to the mobile client. In contrast, the
upstream is referred to the data sending from the mobile client to the base station.
Usually, the bandwidths of downstream and upstream are different. The downstream has
relatively much larger bandwidth than the upstream. This is because most of the mobile
client does not have enough power to support large data transmission, due to its mobility
and portability concerns. On the other hand, base stations are fixed and capable of
transmitting large amount of data. Having the characteristic of asymmetry in the
communication, data broadcasting was introduced to the data dissemination of the

wireless communication network.

Before a broadcast can be performed, base station needs to construct a broadcast
program, where the order of the broadcast items was determined. The process of
determining the order of the broadcast items is called broadcast scheduling. There are
two factors need to be considered in the broadcast scheduling process: access time and
tuning time [10]. The access time is the amount of time elapsed from the moment a
mobile client requests for data to the receipt of the data requested on the broadcast
channels. This factor is used to evaluate the performance of the broadcast scheduling
process. The tuning time is the amount of time spent by a client listening to the channels.
It is used to measure the power consumed by the mobile client while retrieving required
data. Figure 1-2 shows the relationship of the broadcast factors.



Current broadcast cycle Next broadcast cycle

dl | d2 [ d3 | d4 | d5 |dl|d2|d3|d4 | d5
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»
>
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Tuning time Tuning time

l«— Access time —»

Read d4, d2 Completion

Figure 1-2, the relationship of the broadcast factors, access time and tuning time

The reduction of access time and tuning time can speed up the data receiving process
and saves energy. The objectives of the broadcast scheduling process are to minimize
both access time and tuning time. To reduce access time, there have been several
techniques proposed such as caching and non-uniform broadcasting [1][2][20]. Other
techniques including indexing and hashing have also been made to reduce tuning time
[81[11][19].

1.2 Research Objectives

The IEEE 802.11 standard supports several independent and equal-capacity
communication channels [15]. For example, IEEE 802.11a offers 12 independent
channels and IEEE 802.11b/g offers 3 independent channels. These independent channels
can be shared simultaneously and access by mobile clients. That means we can use more
than one channel to transmit data in the wireless communication network. The base
stations and the mobile clients can either equip with multiple 802.11 interfaces for each
channel to gain more transmission efficiency, or equip only one 802.11 interface and
switch from one channel to another to access multiple channels.

In the multiple-channel broadcast environment, it is possible that the requested data



items for a specific mobile client are assigned to the same time slot on different channels.
In this case, if the mobile client has equipped with multiple interfaces for each channels,
then the mobile client can access different channels at the same time to collect data items.
However, if the mobile client has equipped only one interface, it can only collect data
items on one channel at a time and have to wait for the next broadcast cycle in order to
collect other data items that located on a different channel. When this kind of situation
occurred, we said that there was a data collision in the multiple-channel broadcast schedule.
Data collision has a significant impact on broadcast scheduling. It increased the access
time by forcing the mobile client to wait for the next broadcast cycle. In this paper we
proposed an effective method that significantly reduces the data collision rate in the

broadcast scheduling and increases the efficiency of the wireless network.



Chapter 2 Related Work

2.1 Network connection structures

There are two kinds of network connection structures in the mobile wireless
environment: ad-hoc and broadcast. An ad-hoc network is a self-configuring network of
mobile hosts connected by wireless links. The mobile hosts are free to move randomly
and free to communicate to other mobile hosts nearby. The topology of the ad-hoc
network may change rapidly and unpredictably. Figure 2-1 shows an ad-hoc network
constructed with three mobile clients. Instead of a central data server in traditional
client/server network, each mobile host in the ad-hoc network acts like a data repeater
which receives data items from adjacent mobile host and transmits them to another
adjacent mobile host, until the data items reach their destination host. The ad-hoc

network problem was focused on routing [20] and power balancing [26].

— -

Figure 2-1, an ad-hoc network constructed with three mobile clients

A broadcasting network is a network that uses a central data server, called base station,

to disseminate data items to mobile clients. Broadcasting network allows the base station



to act like a data distribution server and sends data to the broadcast channels. Mobile
clients listen to the broadcast channels and grab only the data items of their interest.
Figure 2-2 shows the architecture of a wireless broadcasting system. In this paper we

focus on the method of broadcasting network.

d5 da d3 d2

/

d1| Broadcast sequence

Td2--.].d3 | d4_}--+-15

Base station

Mobile clients

Figure 2-2, the architecture of a typical wireless broadcasting system

2.2 Broadcast methods

In general, there are three kinds of broadcast methods that we typically used in practice:
push-based broadcasting [1][29][11][7], pull-based broadcasting [4][5][11] and hybrid
broadcasting [28] [14][20].

1. Push-based (pure broadcast): In the push-based broadcasting network, the base

station sends data to mobile clients without waiting for any request from mobile
clients. The data items sent by the base station were collected according to a
profile that provided by mobile client after subscribed to the network service.
The broadcast scheduling program generates a sequential order list of data items
that need to be sent on air. The base station broadcasts the data items according
to the scheduled list periodically and continuously. Mobile clients listen to the
broadcast channels and grab only the data items of their interest. As the quantity



of data items increased, the mean access time was increased respectively. Hence,
the mobile clients spend more time listen to the broadcast channels, which
significantly brings down the efficiency of the network. Moreover, it is possible
for a mobile client missing a data item during the broadcast period. In this case,
the mobile client has to wait for the next broadcast cycle to recover its missing
item.

Pull-based (on-demand): In the pull-based broadcasting network, the mobile
clients send their requests to the base station. The base station responds to each
mobile client’s request and broadcasts only the data items that mobile clients
interested. One of the characteristic in wireless network is the asymmetry in
communication, which means the upstream (client to server) communication is
relatively smaller than the downstream (server to client) communication. Due to
the asymmetric communication, there exists access latency while a large number
of mobile clients try to send their request to the base station at the same time.
Hybrid: hybrid broadcasting network is an integration of the push-based
broadcasting and the pull-based broadcasting. Hybrid broadcasting network uses
push-based operation for data that requested most (hot data) and pull-based
operation for data less popular (cold data). The mobile clients not only listen to
the broadcast channels but also send request to the base station. The
combination of push- and pull-based broadcasting makes the broadcast network
more reliable and efficient.

2.3 Broadcast Channels

The wireless environment can support single broadcast channel or multiple broadcast

channels.

1.

Single-channel:  when the members of a broadcast system used only one
broadcast channel to communicate, the broadcast system is a single-channel
broadcast system. Researches of single-channel broadcasting were focusing on
finding the optimal method to construct a broadcast schedule using a minimum of
access time [8][15][16].



Multiple-channel: ~ multiple-channel broadcast systems use either multiple
wireless interfaces for different communication channels or a single wireless
interface for all channels. Equipping with multiple interfaces increases the cost
of the application, in exchange for a higher performance. In the real world,
most of our applications were still using single wireless interface instead of
multiple interfaces. Cost is the primary concern.  The trade-off is lowering

the performance.



Chapter 3 Maximum bipartite matching for the data collision

problem

3.1 Broadcast scheduling problem

The objective of the broadcast schedullﬂ_problem is to minimize the access time and
the tuning time. In muIt;g,e:ehannel broadcast san we have described a data
collision problem vyhlch caused by a misallocation of data.l_tems on the broadcast
sequences. The eﬁect of the data collision increases the accéeé' time by forcing the
mobile client r"Walt for another broadcast cycle to acquire the data tems of its interest.
In this paper, Ze assume that mobile client has equipped only one wweiess interface and
the lengths 7{ each data item on the broadcast sequence are equal. \ ".Il

In Fig rJ 3-1a, we assume that the base station has two channel brogdcast sequences
<do, di, dz,l';g ds> and <ds, dg, d7, dg, do>. The first channel has five da'ta items denoted
by do to ds. "hThe second channel also has five data items denoted by d5-"tf( dg. Suppose a
query from a ?'nti)blle client has requested for data item ds, ds, and d We found that d;
and d; are Iocated. on the same time slot of each channel. Here,_we have a data collision
ond;andd;. The ﬁ’lebi{e client needs to access both channels'at the same time in order to
collect d, and ds. Under fhe bens];_alnt of one MMnferface each mobile client, it is
not possible for the mobile cllent to access both channels at the same time slot. The
mobile client can only choose one data item to access. The mobile client has to access
one channel to pick up a data item, and then wait for the next broadcast cycle to access
another channel and pick up the other data item. In this example, the access time has
almost been doubled. It is clearly that the situation here is what we do not want, because

the increase in access time really brings down the efficiency of the broadcast system.



Current broadcast cycle

Next broadcast cycle

Firstchannel | d0O | d1 | d2 | d3 |d4 | dO | dl | d2 | d3 | d4
Secondchannel | d5 | d6 | d7 | d8 | d9 | d5 | d6 | d7 | d8 | d9
— Access time —»
(@

Current broadcast cycle

Next broadcast cycle

Firstchannel | dO | d1 [ d2 | d3 | d4 | dO | dl | d2 | d3 | d4
Secondchannel | d5 [ d7 | d6 | d8 | d9 | d5 | d6 | d7 | d8 | d9
Access time
- —>
(b)

Figure 3-1, (a) the example of the data collision in multiple-channel broadcast schedule, (b)

the result of reallocating d;

To solve this problem, we have to reallocate d, or d.

the reallocation of d;.  After the reallocation of d;, the mobile client can collect d,, ds, and

d; during the same broadcast cycle. We will discuss the strategy for the reallocation of

data items in the next section.

3.2 Basic idea

The example showed in Section 0 has given us a picture of how the misallocation of
data items on the broadcast sequences could affect the efficiency of the broadcast system.

It is possible to avoid the data collision problem by reallocating the placement of some

10

Figure 3-1b shows the result of




data items. In this paper, we applied the maximum bipartite matching technique to the

data collision problem to reduce the data collision rate.

The maximum bipartite matching technique [11] is a well known method that derived
from the Ford-Fulkerson method to find the maximum flow in a flow network. Given a

graphG = (V,E), where V is the vertex set of graph G and E is the edge set of graph G, a

bipartite graph is a special graph where the set of vertices can be divided into two disjoint
sets such that no two vertices of the same set share an edge. The vertex is matched if it is
incident to an edge in the matching, otherwise the vertex is unmatched. A maximum
matching contains the largest possible number of edges. The maximum bipartite
matching technique uses the concept of the Ford-Fulkerson method. The Ford-Fulkerson

method is an algorithm that computes the maximum flow in a flow network.

If we can transform the multiple-channel broadcast scheduling problem to a maximum
bipartite matching problem, we could use the Ford-Fulkerson method to find the maximum
matching and reallocate the placement of the data items on the broadcast sequence
according to the resulting matching.

3.3 Problem transformation

In order to transform the data collision problem to the maximum bipartite matching
problem, we consider a two-channel broadcast sequence as a bipartite network. Each data
item in the broadcast sequence becomes a node in the network. The columns represent
the different channels of the broadcast sequence, and the rows represent the time slots
where the data items were located. Then we apply a source node s and a sink node t to
the network in addition. The source node s is connected to each node on the first column.
Each node on the first column is connected to the node that located on the same row of the
second column. Each node on the second channel is connected to the sink node t.

Figure 3-2a shows a graph of a transformed network.

In fact, there are constraints that guiding us from connecting the nodes on one column

11



to the other. The constraints are provided from the request of the mobile clients, called
the queries. The queries were series of information that sent by the mobile clients to the
base station. These queries contained the information of the data items of the mobile
clients’ interest. Suppose that there exist a query {d, ds, d;} for the example in Figure
3-2a, because of the reason we mentioned in Section 0, we discovered a data collision
occurred on d; and d;. A connection between the first column and the second column
represents of two nodes on the different column along the connection can be placed on a
same row without any risk of data collision. Since there existed a data collision between
d, and dy, the connection between d, and d- is removed to indicate a data collision occurred.

Figure 3-2b shows a connection been removed from a flow network.

Query {d2, d3, d7}

do » d5 do » d5
dl » d6 di » d6
S » d2 > d7 t S » d2 d7 t
d3 » d8 d3 » d8
d4 » d9 d4 » d9
(a) (b)

Figure 3-2, (a) a two-channel broadcast sequence transformed into a bipartite flow network,

(b) a bipartite flow network with query constraint

We then consider the connections between the nodes on the first column and the nodes
on the second column. In the original graph, each node on the first column has only one
connection that connected to the node that located on the same row of the second column,
except for the nodes that appeared on same queries. Actually, it is possible for a node on
one column to connect to every node of the other column. Figure 3-3a shows all possible
connections of d,.  After applying the query constraint, the connection between d, and d;
is removed, as in Figure 3-3b.

12



Query {d2, d3, d7}

do d5 do d5
dl dé dl dé
S » d2 » d7 > t S » d2 d7 > t
d3 d8 d3 d8
d4 d9 d4 d9
(@) (b)

Figure 3-3, (a) a graph of all possible connections of d,, (b) the removal of the connection of
d; and dy

We expand the connection of all nodes in the network shown in Figure 3-3b, and apply
two additional queries, {do, d, ds, dg, do} and {d;, d;}, to the network shown in Figure
3-2b and Figure 3-3b. Figure 3-4a and 3-4b show the result of expansion of all nodes and
the application of the original query and two additional queries. We call the graph in Figure
3-4a the original graph and the graph in Figure 3-4b the expanded graph. In the original
graph, the data collision occurs 2 times out of 5. Therefore, the data collision rate of the
original graph is 0.4. To calculate the collision rate of the expanded graph, we have to
apply the Ford-Fulkerson method to the expanded graph. We will be discussed in the

following sections.

13



Query {d2, d3, d7} Query {d2, d3, d7}

Query {d0, d2, d5, d6, d9} Query {d0, d2, d5, d6, d9}
Query {d1, d7} Query {d1, d7}
do d5
di » d6
S » d2 d7 t S > t
d3 » d8
d4 » d9
(a) (b)

Figure 3-4, (a) a graph of all possible connections of each node in the network, (b) the

constraint queries applied to the graph

3.4 Ford-Fulkerson method

The Ford-Fulkerson method states as the following [11]:

Given a graphG = (V, E), with residual capacity c(u,v) and flow f (u,v) =0 for the
edge from u to v, we want to find the maximum flow from the source s to the sink t.
In each iteration, the flow between u and v does not exceed the capacity (3-1) and the
net flow is maintained (3-2).

f(u,v) <c(u,v) (3-1)
f(u,v) =—1(v,u) (3-2)

Also, the amount of flow into a node equals the flow out of the node (3-3).
> fu,v)=0 (3-3)
\

This means that the flow through the network is a legal flow after each round in the

14



algorithm. We define the residual network G, =(V,E,) to be the network with
capacity c, (u,v) =c(u,v)— f(u,v) and no flow.

We illustrate the algorithm of the Ford-Fulkerson method as the following:

Inputs:  Graph G with flow capacity c, a source node s, and a sink node t

Output:  Flow f such that f is maximal from s to t

1. for each edges (u,v) € E[G]

2 do flu,v]«0

3. f[v,u] « 0

4. while there exists a path p from s to t in the residual network Gy
5 do c,(p) < min{c, (u,v): (u,v)isin p}

6. for each edge in p
7. do f[u,v]<« f[u,v]+c, (p)
8. flv,u] « —f[u,v]

3.5 Maximum bipartite matching

To find the maximum bipartite matching of the expanded graph, we applied the
Ford-Fulkerson method to the graph. Each edge in the graph has a capacity of 1. The

result was shown in Figure 3-5.
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Query {d2, d3, d7}
Query {d0, d2, d5, d6, d9}
Query {d1, d7}

Figure 3-5, the result of applying Ford-Fulkerson method of the expanded graph

After applying the Ford-Fulkerson method, the solid edges have a flow of 1 and all
other edges have no flow. The data collision rate of the original graph is 0 because there

is no data collision in the network.

By the removal the source s and the sink t, our interest lies on the part of those solid
edges. The solid edges correspond to the maximum matching of the bipartite graph and
show a pair of vertices or nodes that should be aligned together on the same row of the
broadcast sequence, e.g. the same time slot. We reallocate the broadcast sequence by
fixing on one channel and switching the data items on the other channel according to the
solid edges of the Ford-Fulkerson method. Figure 3-6 shows result of switching the data
items on the broadcast sequence.

16



Query {d2, d3, d7}
Query {d0, d2, d5, d6, d9}
Query {d1, d7}

do » d7
di » d9
d2 » d8
d3 » d6
da » d5

Figure 3-6, the result of switching the data items on the broadcast sequence

17



Chapter 4 Performance Evaluation

4.1 Simulation model.

We have composed a computer program to evaluate the performance of the proposed
solution. In this simulation program, we focused on the condition of two broadcasting
channels. The first input of the simulation program is a set of data items divided into two
channels in uniform distribution. This dataset represents the original broadcast sequence
in the broadcast system. The second input is a set of queries that provides the placement
constraint, which represents the queries issued out from the mobile clients. We assumed

that a mobile client can issue only one query.

We have introduced a set of parameters to help the evaluation of the simulation

performance:
Parameter Definition Range
N Total number of data items in the broadcast sequence | 50 ~ 1000
Q Total number of queries issued from the mobile clients | 50 ~ 1000
R Ratio of the maximum number of items in a query to N | 0.05~ 0.4

4.2 Simulation analysis

In the simulation program, we compared the data collision rate of the original broadcast
sequence and the sequence that derived from the maximum bipartite matching method.
We have come to several results by using a set of various values of parameters. We will
discuss the effect of the parameters below. The Original collision rate is the number of

collision pairs divided by the number of total pairs from the original broadcast sequence.

18



The Bipartite collision rate is the number of collision pairs divided by the number of total
pairs from the sequence of our result. The Improve rate is calculated as follow:
(Original collision rate - Bipartite collision rate) / Original collision rate. When the
improve rate reaches 100%, it means that our result sequence has eliminated all collision

pairs from the original broadcast sequence.

4.2.1 Number of data items (N)

To find the effect of the number of data items, we Iﬁhﬁ “parameter Q=300and R =
0.3. We obtamed a set of results by applying various numbers of data items. In Figure 4-1,
we come to a J:result that for each number of data items, the data: “c‘,oII|S|on rate of the
bipartite mat EHng sequence is lesser than the original sequence. AsSs wn in Table 1, the
data collisi(fr rates on both original and bipartite sequence are reduced as the number of

data items fincreased. There is a significant increase of the improveme tilrate when the
number of

ata items increased. The value 0 on data collision rate shows that there is no
data collisi Ip in the broadcast sequence. - This result indicates that Wher} J/e increase the
number of ‘data items, the probability of finding a corresponding dﬁl;a match in the
broadcast seqt{&nce IS increased. / ,e"

Y

‘“'!. A
. T U

N Te.ble 1, the effect of the number of datafltems

~I e Original _ .xBfﬂa'r‘tlte

N Q ~ ;O%h_src;r;’a'r collision rate lmprove (%)
50 300 0.3 0.96 0.76 20.83%
100 300 0.3 0.92 0.7 23.91%
200 300 0.3 0.92 0.45 51.09%
300 300 0.3 0.933 0.407 56.38%
500 300 0.3 0.832 0.232 72.12%
1000 300 0.3 0.548 0 100.00%
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Figure 4-1, the comparison of the data collision rate of the original and the bipartite with

various numbers of data items

4.2.2 Number of queries (Q)

To find the effect of the number of queries, we let the parameter N = 300 and R = 0.3.
We obtained a set of results by applying various numbers of queries. In Figure 4-2, we
come to a result that for each number of queries, the data collision rate of the bipartite
matching sequence is lesser than the original sequence. As shown in Table 2, the data
collision rates on both original and bipartite sequence are increased as the number of
queries increased. There is a significant decrease of the improvement rate when the
number of queries increased. This result indicates that when we increase the number of
queries, the probability of finding a corresponding data match in the broadcast sequence is

decreased.
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Table 2, the effect of the number of queries

N 0 R Qriginal B.ip.artite Tmprove (%)
collision rate [collision rate

300 50 0.3 0.167 0 100.00%
300 100 0.3 0.467 0 100.00%
300 200 0.3 0.747 0.147 80.32%
300 300 0.3 0.933 0.407 56.38%
300 500 0.3 0.927 0.653 29.56%
300 1000 0.3 0.99 0.893 9.80%

1.2

| /._’/‘
0.8 A -
/ ,./ —&— Original

0.6 L
—8— Bjpartite

Data Collision Rate

02 r

0 =
50 100 200 300 500 1000

Number of Queries

Figure 4-2, the comparison of the data collision rate of the original and the bipartite with

various numbers of queries

4.2.3 Ratio of items in a query to data items (R)

To find the effect of the number of queries, we let the parameter N = 500 and Q = 1000.
We obtained a set of results by applying various numbers of ratios. In Figure 4-3, we come
to a result that for each number of ratios, the data collision rate of the bipartite matching

sequence is lesser than the original sequence. As shown in Table 3, there is a significant
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decrease of the improvement rate when the number of ratios increased. The data collision
rates on both original and bipartite sequence are increased as the number of ratios
increased. This result indicates that when we increase the number of ratios, the

probability of finding a corresponding data match in the broadcast sequence is decreased.

Table 3, the effect of the number of ratio parameter

N 0 R Qriginal B.ip.artite Improve (%)
collision rate |collision rate

500 1000 0.05 0.464 0 100.00%

500 1000 0.1 0.788 0.07 91.12%

500 1000 0.15 0.88 0.352 60.00%

500 1000 0.2 0.96 0.608 36.67%

500 1000 0.25 0.977 0.736 24.67%

500 1000 0.3 0.984 0.816 17.07%

500 1000 0.35 0.98 0.864 11.84%

500 1000 0.4 0.992 0.92 7.26%

1.2
8 1 ———¢
T 08 ¢
Z 06 | —— Original
C;i 0 —8— Bipartite
S 02 v
)

005 01 015 02 025 03 035 04

Ratio of Number of Queries to Number of Data
Items

Figure 4-3, the comparison of the data collision rate of the original and the bipartite with

various numbers of ratios



Chapter 5 Conclusion

In this paper, we have proposed a method that based on the technique of maximum
bipartite matching to solve the multiple-channel broadcast scheduling problem. From the
simulation analysis, we found that our method has a significant impact on the reduction of
the data collision. For every set of parameters been used in our simulation, the data
collision rate was reduced tremendously. For the future work, we would have to consider
the possibility of applying our method to the expansion of the number of broadcast

channels to 2".
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