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Abstract

The explosive growth of the wireless users requires efficient channel utilization. In tbis

thesis, we present a new channel allocation sttategy with waiting queue model instead

of the block-and-clear model so that the quality of service in cellular network can he

improved.

From a computational and network resource viewpoint, our model is based on the

Mobile Agent Paradigm that has great advantages on reducing network traffic and

dynamic adaptation. We also show the possibility to implement our algorithm on the

Grasshopper mobile agent environment, which is compliant to the MASIF standard.

ln order 10 evaluate the performance of our proposed model, a simulator is written in

Java, which shows that our algorithm gives the lowest average blocking probability

under different traffic load compating witb LP Scheme, rlrSt Available DCA Scheme

and Simple FCA Scheme. Specifically, our algorithm has a tremendous capability of

alleviating congestion in the bot spots ofa cellular system.

Our research has been done within the group on ·'Advanced Studies on Mobile

Environments" (ASME) as a part of the Consortium MIAMI (Mobile Intelligent Agents

for Managing the Information Infrastructure).

Key Words: mobile apat, clumnel allocation, cellular system
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Résumé

La croissance explosive des utilisateurs sans fil exige l'utilisation efficace de canal.

Dans ce mémoire. nous présentons une Douvelle stratégie d'allocation des canaux avec

le modèle de file d'attente au lieu du modèle block..and..clear de sorte que la qualité du

service dans le réseau cellulaire puisse être améliorée.

Du poiDt de vue de calcul et ressource de réseau. notre modèle est basé sur le

Paradigme d'Agent Mobile qui a de grands avantages pour la réduction du trafic de

réseau et l'adaptation dynamique. Nous montrons également la possibilité d'application

de notre algorithme dans l'environnement d'agent mobile de Grasshopper qui est

conforme à la proposition de MASIF. en vue de devenir la norme.

Afin d'évaluer l'exécution de notre modèle proposé, un simulateur est écrit en Java. ce

qui prouve que notre algorithme donne la plus basse probabilité de blocage moyenne

sous des contraintes de traffic varié. rivalisant avec LP Scheme. First Available DCA

Scheme et Simple FCA Scheme. Spécifiquement. notre algorithme a une capacité plus

grande d'alléger l'encombrement dans les points achalandés d'un système cellulaire.

Notre recherche a été faite chez le groupe sur "Advanced Studies on Mobile

Environments" (ASME) comme panie du consortium MIAMI (Mobile Intelligent

Agentsfor Managing the Information Infrastructure).

Mots Clés: DIObUe d'Blent, d'aUocadon de canal, système ceUulaire

ii
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Technological advances and rapid development of handheld wireless terminais have

facilitated the rapid growth of wireless communications and mobile computing.

Cellular tecbnology is undoubtedly one of the most exciting and significant

technological developments of the late 20th century. The number of cellular subscribers

world..wide has grown from zero to 40 million in about twelve years and a recent

forecast estimated that there would be 160-200 million cellular subscribers in over 120

countries by the year 2000 [URL1]. AIready 40 per cent of new lines being installed in

developing countries are using cellular technology. Since 1992 growth in the

telecommunications industry was come ooly from the cellular market. with the number

of new subscribers to the flXed PSTN (Public Switched Telephone Network) remaining

static [URL1].

1.1 Structure of Cellular Communication System

A cellular communication system consists of mobile units linked via a radio network ta

an infrastructure of switcbing equipment interconnecting the different pans of the

system. and allowing access ta the normal (fixed) PSTN. Numerous transceivers called

Base Stations (BS) are located at strategie places. and coyer a given area or celle A

number of cells grouped together form an "arean and ail its as are in contact with a

Mobile Switching Center (MSC) wbich stores information and directs calls to mobiles

within its area The MSCs of each area can communieate with each other, with a



•
Chapter 1 Introduction 2

•

special Gateway MSC that allows access to other cellular networks (e.g. the GSM

system) or to the PSTN. This bierarcbical structure can be seen in Figure 1.1.

PSfN

Figure 1.1 Structure of Cellular Communication

1.2 Motivation for Channel Allocation

A fundamental problem in wirelesslmobile communication is that the elecuomagnetic

spectrum is a scarce shared resource, and nceds to be managed efficiently to provide an

acceptable quality of service to communication-intensive applications. Federal

Communications Commission (Fee) has allotted channels on the 824-849 MHz bands

for transmission from mobiles and on 869-894 MHz for transmission from base station.

The channel spacing is 30 KHz. This frequency band can accommodate 832 duplex

channels. Among themt 21 cbannels are reserved for calI setup, and the rest are used

for voice communications [Ming89). A duplex channel is a1so referred to as a full­

duplex channel. It is used wben data is to be excbanged between the two connected

devices in bath directions simultaneously, for examplc, if for througbpul reasoDS data

can flow in each direction independently [Fred96).
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To satisfy the large demand of mobile telepbone service. researchers at Bell Labs

presented the ingenious idea offrequency re-use [URL9]. Each cell in the network uses

only a given subset of all available channels, wbich are different from those used by

adjacent cells. This ensures that interference does not occur between these cells. By

restricting the power of transmission, signais will not travel too far outside each cell

(due to the inverse square law) [URL9]. The same frequencies can then be re-used by

eells tbat are sufficientIy far away. AlI such sets that use the same channel are referred

to as co-channel sets, or simply co-channels. The minimum distance at which co­

cbannels can he reused with acceptable interference is called the ·~co-channel reuse

distance" [Katzela96].

The trernendous growth of the wirelesslmobile user population coupled with the

bandwidth requirement demands efficient reuse of the scarce radio spectrum allocated

ta wirelesslmobile communications. How the channels are ta he assigned for

simultaneous use in different cells directIY affects the throughput of such systems.

Efficient use of radio spectrum is also imponant from a cost-of-service point of view

[Katzela96]. A reduction in the number of base stations and bence, a reduction in the

eost-of-service can he acbieved by more efficient reuse of the radio spectrum.

Up [0 now many channel allocation strategies have been suggested. We will proceed to

brietly discuss different channel allocation algorithms in Chapter 2.

1.3 ObJective. and Scope of the Th••ls

The main purpose of this thesis is to design and implement efficient methods and

algorithms in channel allocation. In our thesis. we present a new strategy in channel

allocation scbemes~ Instead of changing hardware connections belWeen base stations

and MSC. we place the blocked caUs in a waiting queue for a limited amount of lime 50

that to decrease the blocking probabilities of the cellular system. And we use Mobile

Agent approach to malte dynamic dccision and do the computation in the remote
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destination in order to reduce the network traffic and improve the efficiency of resource

allocation.

The rest of the thesis includes the following: Chapter 2 reviews the existed channel

allocation schemes. Chapter 3 introduces the basic concept and architecture of Mobile

Agent9 lists the advantages of using Mobile Agent in network and communication. In

Chapter 4, we present our new channel allocation algoritbm and show how to use

Mobile Agent to manage efficiently the resource in cellular communication network.

Chapter 5 gives a brief introduction to Mobile Agent System Interoperability Facilities

Specification (MASIF), and the platform Grasshopper used in our implementation that

is compliant to MASIf standard. The implementation details and the obtained results

are described in Chapter 6. Finally, we give a brief summary of our study and mate

recommendation for further work in the last chapter.
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A given radio spectrom (or bandwidth) cao he divided into a set of disjoint or non­

interfering radio cbannels. AlI sucb chaonels can be used simuJtaneously, while

maintaining an acceptable reccived radio signaL

2.1 Channel Division Techniques

In order to divide a given radio spectrum ioto sucb channels, the following techniques

cao be used [Fred96]:

Frequency division (FO): divide the spectrum into disjoint frequency bands.

Time division (ID): divide the usage of the channel into disjoint lime periods that

called lime slots.

Code division (CD): use different modulation codes to achieve the channel separation.

Furthermore. more elaborate techniques can be designed to divide a radio spectrum ioto

a set ofdisjoint channeJs based on the combination of the above techniques.

Channel allocation schemes can he divided ioto a number of different categories

depending on the comparison basis. When channel assignment algorithms are

compared based on the manner in which co-cbannels are separated. they cao he divided

iota Fixed Channel Allocation (FeA), Dynamic Channel Allocation (DCA). and

Hybrid Channel Allocation (RCA).
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In Fixed Channel Allocation (FCA) scbemes9 the area is partitioned iota a number of

cells9 and a number of channels is assigned to each cell according to sorne reused

pattern depending on the desired signal quality [Katzela96). A dermite relationship is

assumed between each channel and each celI in accordance to co-channel reuse

eonstraints.

2.2.1 Simple FCA Scheme

In the Simple FCA StrategY9 the same number of nominal ehannels is allocated to each

eell. Nominal channels are a set of channels9 which are assigned to a given eell. This

unifonn channel distribution is efficient if the traffic distribution of the system is also

unifonn. In that caset the overall average blocking probability of the mobile system is

the same as the caU blocking probability in a cell. Since traffic in cellular systems can

he non-uniform with temporal and spatial fluctuations 9 a unifonn allocation of channels

to cells may result in high blocking in sorne cells while others DÙght have a sizeable

number of spare channels. This could result in poor channel utilization [Katzela96].

Therefore9 many Non-uniform Channel Allocation Algorithmst which are variations of

FCA strategyt are adopted sa that beavily loaded cells are assigned more channels than

lightly loaded ones.

2.2.2 Non-unlform Com.,.et Pattern Allocation

Non-unifoTm Compact Panem Allocation is proposed by allocatiog channels to ceUs

according to the traffic distribution in each of them [Ming91). Thus9 heavily loaded

cells are assigned more channels than lightly loaded ones. The algorithm attempts to

minimize the average blocking probability as nominal channels are allocated one al a

lime.
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Let there be N cells and M cbannels in the system. The allocation ofa channel to the set

of co-channel cells forms a pattern tbat is refened to as the Allocation Pattern. ln

addition. the Compact Allocation Pattern of a channel is defmed as the pattern with

minimum average distance between cells. Given the traffic loads in each of the N cells

and the possible compact pattern allocations for the M channels, the Non-uni/oml

Compact Pattern Allocation algorithm attempts lo find the compatible compact

patterns that minimize the average blocking probability in the entire system as nominal

channels are assigned one at the time.

2.2.3 Smtte Borrowlng Scheme.

Statie Borrowing Schemes proposed in [Lewis?3] re-assigns unused channels from

lightly loaded ceUs to heavily loaded ones at distance less than the minimum reuse

distance. Although in Starie Bo"owing Schemes channels are pennanently assigned to

celIs, the number of nominal channels assigned in each ceU may he reassigned

periodically according to spatial inequities in the load. This can he done in a scheduled

or predictive manner, with changes in traffic known in advance in the fonner, or based

on measurements in the later.

2.2.4 Channel Borrowing Scheme.

In Channel Borrowing Schemes, an acceptor cell that bas used ail its nominal channels

can borrow free channels from its neighboring ceUs ta accommodate new caUs. A

channel can be borrowed by a cell, if the borrowed channel does not interfere with

existing caUs.

When a channel is borrowed, severa! othee cells are prohibited from using it. This is

called channel locking. In contrast to Statie Borrow;ng Schemes. Channel 8o"ow;ng

Schemes deal with short tenn allocation of borrowed channels to ceUs. and once a call

is completed. the borrowed channel is retumed to its nominal cell. According to the

different ways a Cree channel selected from a donoe cell. Many channel borrowing
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Simple Channel Borrowing Stntegy

In the Simple Channel Borrowing Schemes (Enge173], a channel set is nominally

assigned to each celle When a cali arrives in a ceU, a nominal channel is assigned to

serve the calI. If all nominal channels are busy, a nominal channel of the neighboring

cells is borrowed to serve the cali if that borrowing does not interfere with existing

caUs. Otherwise, the calI is blocked.

The Simple Channel Borrowing strategy gives lower blocking than the traditional Fix

Channel Allocation strategy under light and moderate traffic conditions. In heavy

traffic conditions, however, channel borrowings may proliferate to such an extent that

the channel usage efficiency drops drastically, causing a rapid increase in blocking

probability [Kahwa78].

Hybrid Assignment Strategy

In the Hybrid Assignment Strategy [Kahwa781, the set of nominal channels assigned to

each cell is divided into two subsets A and B. Subset A channels are used in the local

cell ooly, while subset B channels can he lent to the neighboring cells.

In Simple Hybrid Channel Bo"owing Strategy (SHCB), thè ratio #A to #8 is

determined a priori, depending on an estimation of the traffic conditions and it can he

adapted dYQamically in a scheduled or predictive manner.

The Borrowing with Channel Ordering (BCO) strategy introduced in (Elnoubi82],

outperforms SHCB by dynamically varying the local to borrowable channel ratio

according to changing traffic conditions. In BCO strategy, all nominal channels are

ordered such that the fmt channel has the bighest priority to be assigned to the next

local calI, -and the last channel is given the bighest priority to be borrowed by the

neighboring cells.



•
Chapter 2 Channel Allocation Schemes 9

•

ln BCO strategy, a channel is suitable for borrowing ooly if it is simultaneously free in

the three nearby co..channel cells. This requirement is too stringent and decreases the

number of channels available for borrowing. So [Ming89] presented a new strategy

called Borrowing with Directional Channel Locking (BDCL) in 1989. In this sttategy,

when a channel is bonowed, the locking of this channel in the co-channel cells is

restricted only to thase affected by this borrowing. Thus the number of channels

available for borrowing is greater than that of the BeO strategy. To determine in which

case a "'Iocked" channel can he borrowed, "Iock directions" are specified for each

locked channel. The scheme a1so incorPQrates reailocation of caUs from borrowed to

nominal channels and between borrowed channels in order to minimize the channel

borrowing of future caUs, and especially the multiple channel borrowing observed

during heavy traffic.

2.3 Dynamlc Channel Allocation

Due to short tenn temporal and spatial variations of traffic in cellular systems, Fix

Channel Allocation (FeA) schemes are not able to attain a high channel efficiency. To

overcome this, Dynamic Channel Allocation (DCA) schemes have been studied during

the past twenty years.

In contrast to fCA, all channels are potentially available to all cells and are assigned to

cells dynamically as caUs arrive. If this is done right, it can take advantage of temporary

changes in the spatial and temporal distribution of caiis in order to serve more users.

For example, when caUs are concentrated in a few cells, tbese cells can he assigned

more channels without increasing the blocking rate in the ligbdy used cells.

In DCA. a channel is eligible for use in any cell provided that signal interference

constraints are satisfied. The main idea of ail DCA schemes is to evaluate the cost of

using a candidate channel. and select the one with the minimum cost provided that

cenain interference constraints are satisfied.. The selection of the cost fonction is what

differentiates DCA scbemes [Cox72].
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The selected cast function might depend on the future blocking probability in the

vicinity of the ceU, the usage frequency of the candidate channel, the reuse distance,

channel occupancy distribution uoder cuneot traffic conditions, radio channel

measurements of individual mobile users or the average blocking probability of the

system. DCA schemes can he divided into centralized and distributed scbemes witb

respect to the type of control they employ. Severa! simulation and analysis results have

shown that centralized DCA schemes cao produce near optimum channel allocation,

but at the eXPense of a bigh centralization overbead [Nettleton89].

2.3.1 Centrallzed DCA Scheme.

In the centralized DCA schemes, a channel from the central pool is assigned to a caU

for temporary use by a centralized controller. The difference between these schemes is

the specific cast function used for selecting one of the candidate channels for

assignment.

First Available strategy (FA) assigns the ficst available channel within the reuse

distance eocountered during a channel search to the caU (Cox72]. In the Local/y

Optimized Dynamic Assignment (LODA) strategy [Ming89], the concept of nominal

channels is not used. Instead, a panicular celI having a caU to serve evaluates the cast

of using each candidate channel. The channel with the minimum cost is then assigned.

The selected cost function is based on minimizing the channel reuse distance. In other

words, the cells using the sante channel are packed as compactly as possible sa that the

channel could again be reused in the closest possible range. Channel Reuse

Optim;1.ation Schemes anempt to maximize the efficiency of the system by optimizing

the reuse of a channel in the system area [Cox72)[Kazunori92]. Channel

Rearrangement Schemes are ta switch caUs already in process, whenever possible, from

channels that these caUs are using~ to other channels with the objective of keeping the

distance between ceUs using the same channel simultaneously to a minimum

[Donald73]. Thus~ the channel reuse is more concenttated and more traffic can he

carried per channel al a given blocking rate.
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The proposed distributed DCA schemes use either local information about the current

available channels in the cell's vicinity (cell based) schemes (Cbih93] or signal strength

measurements [Mutsumu93][Furoya91].

In the Cell Based Schemes, a channel is allocated to a cali by the base station wbere the

call is initiated. The difference with the centralized approach is that each base station

keeps infonnation about the corrent available cbannels in ils vicinity. The channel

pattern infonnation is updated by exchange of status information between base stations.

The Cell Based Schemes provide near optimum channel allocation at tbe expense of

excessive excbanged of status information between base stations, espccially under

heavy traffic loads.

In the Interference Adaptation Schemes whicb rely on signal strength measurements

(~futsumu93], a base station uses ooly local information, without the need to

communicate with any other base station in the network. Thus, the system is self­

organizing, and channels can he placed or added everywhere. These schemes aIlow fast

real lime processing and maximal channel packing al the expense of increased co­

channel interference probability with respect ta ongoing calls in adjacent cells, which

May lead to undesirable effects sucb as interruption, deadlock and instability.

Local Packing algorithm presented in (Chih93] can be implemented distributively at

the base stations with a simple Augmented Channel Occupancy (ACO) table, or

centrally al the Mobile Switching Center without the need of a distributed database.

[Chih93) implemented this algorithm distributively and showed that, unlike some other

DCA algorithms, even when the network has a large number ofchannels, it maintains a

favorable performance over FCA under uniform traffic in the region of interesL More

împonandy, the LP algoritbm bas a tremendous capability of aUeviating congestion at

traffic bot spots.
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In our thesis, we use the main idea ofLP algorithm because its bigher performance over

other algoritbms. But instead of keeping the database distributed in each base station,

we keep the database whicb contains the information of each base staùon in Mobile

Switching Center (MSC), and then using Mobile Agent Technology to analyze if there

is channel available during considered period. We will describe this algorithm in detail

in Chapter 4. In the next chapter, we will introduce the basic concept and architecture

of Mobile Agent Technology.
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With the receot explosive development of computer networking and the Internet, a gap

bas developed between the sheer amount of information that is available and the ability

to process or even locate the interesting pieces. This does not only apply to

uapplication-oriented datan such as scholarly publications, stock excbange quotes, or

weather satellite images, but also to the monitoring and operation of huge computer

networlcs. Agents show a possible way out of tbis dilemma [Anselm95]. Agent-based

systems have recently gained considerable attention in Many areas of computer science

and information processing such as software engineering, human interfaces, and

network management. The incorporation of intelligence implies dealing in an adaptive

way with unforeseeable changes in the remote environment (Chess95].

3.1 Basic Concept

3.1.1 Agent

An agent is a computational entity, which acts on bebalf of other entities in an

autonomous fasmon, performs its actions with sorne level of proactivity and/or

reactivity. For instance, an estate agent who simply places a "for sale" sign outside a

propetty for sale and waits for purcbasers ta come into bis shop is bebaving in a mucb

more reactive fashion, tban an agent who proactively advenises the propeny in the

local press. The same agent can display high amounts of bath proactivity and reactivity



at different time [URL2]. An agent also exhibits sorne level of the key attributes of

learning, ca.operation and mobility.
•
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In the area of computing and information systems, the notion of an agent implies a

remotely executing program with a certain degree of autonomy, usually helping witb

the tasks of information processing or retrieval [Hosoon96].

3.1.2 Stationary Agent and Mobile Agent

Conceivably, agents can he stationary or mobile. A stationary agent executes only on

the system where it begins execution. If the agent needs information that is not on that

system, or needs to interact with an agent on a different system, the agent typically uses

a communications transport mechanism such as Remote Procedure CalI (RPC)

[GMD97]. For example, in the Simple Network Management Protocol (SNMP) which

is designed to give a user the capability to remotely manage a computer network by

polling and setting terminal values and monitoring network events, the stationary agent

is used to run off ofeach node on the network [URLIS]. Many UNIX software vendors

include this with their terminal software. It collecls network and terminal information

as specified in the Management Information Base (MI8) [URLIO).

In contrast to a stationary agent, a mobile agent is not hound to the system wbere it

begins executian. It bas the unique ability to transport itself from one system in a

network to another. This submission is primarily concemed with mobile agents. The

ability to travel pennits a mobile agent to move ta a destination agent system that

cantains an object with wbich the agent wants to ÏDteract. Mareover, the agent may

utilize the object services of the destination agent system [GMD97].

3.1.3 Agent Syatem

An agent system is a platform that cao create. interpret, execute. transfer and terminate

agents. An agent system is associated with an authority that identifies the person or



organization for wbom the agent system lets. An agent system is uniquely identified by

its name and address. A hast can contain one or more agent systems. Figure 3.1

describes an agent system [GMD97].

•
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Figure 3.1 Agent System

In above figure, wben an agent transfers itself, the agent travels between execution

environments called places. We will introduce the place concept in Section 3.1.4.

An agent system type descri~s the profIle ofan agent. For example, if the agent system

type is Agler. the agent system is implemented by IBM, supports Java as the Agent

Language, uses Itinerary for travel, and uses Java Object Serialization for ils

serialization [GMD97]. This specification recognizes agent system types that support

multiple languages, and languages tbat support multiple serialization methods.

Tberefore, a client requesting an agent system function must specify the agent profale



(agent system type. language. and serialization method) to identify uniquely the desired

functionality.
•
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AIl communication between the agent systems is through the Communication

Infrastructure (Cl) which provides communications transpon services. naming, and

security services for an agent system. The region administrator defines communication

services for intra-region and inter-region communications. The region concept will be

introduced in section 3.1.5. Figure 3.2 describes agent system to agent system

interconnection [GMD97].

pentinl penlinl

•

Figure 3.2 Agent System to Agent System Interconnection

In general. the core actions among agent systems are:

• Transferring an agent

• Creating an agent

• Providing globally unique agent names and locations

• Supporting the concept ofa region

• Finding a mobile agent

• Ensuring a secure environment for agent operations
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A place is a context within an agent system in which an agent can execute. This context

can provide functions such as access control. The source place and the destination place

can reside on the same agent system. or on different agent systems tbat support the

sarne agent profile [GMD97].

A place is associated with a location. whicb consists of the place name and the address

of the agent system within which the place resides. An agent system cao contain one or

more places and a place can contain one or more agents. When a client requests the

location of an agent. it receives the address of the place wbere the agent is executing.

3.1.5 Region

A region is a set of agent systems that have the same authority. but are not necessarily

of the same agent system type. The concept of region al10ws more than one agent

system ta represent the same Person or organization.

Regions are interconnected via one or more networks and May share a naming service

based on an agreement between region authorities and the specific implementalion of

these regions. A non-agent system may also communicate with the agent systems

within any region as long as the non-agent system has the authorization ta do 50. Figure

3.3 describes region to region interconnection [GMD97].

3.2 Mobile Agent Architecture

3.2.1 Why U..an Agent Architecture

Agent architecture provides a flexible alternative ta client/server and distributed object

architectures. It contains many advantages. Tbree of the most important advantages are

[Steven97]:
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Figure 3.3 Region to Region Interconnection

1. Performs much processing at the server where local bandwidth is high. thus

reducing the amount of network bandwidth consumed and iocreasing overall

performance.

2. Operates iodependently on the application from which the agent was invoked. The

agent operates asynchronously. meaning that the client application does not need to

wait for the results. This is especially important for mobile users who are not

always connected to the network.

3. Allows for the injection of new functionality ioto a system al run time. An agent

system essentially contaiDs its own automatic software distribution mec:banism that

bas buUt-in support for mobile code. new functionality general1y can he installed

automaticallyal run time.
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Because a mobile agent is a software entity that exists in a software environment. it

inherits sorne of the characteristics of an agent. A mobile agent must contain all of the

following models (Chess95][White95]:

Agent model: dermes the internal structure of the intelligent agent part of a mobile

agent. In essence, it dermes the autonomy, leaming and co-operative cbaracteristics of

an agent. Additionally, it specifies the reactive and proactive nature of agents.

Life-cycle mode!: dermes the different execution states of a mobile agent and the events

that cause the movement from one state to another.

Computalional mode!: defines how a mobile agent executes when it is in a running

state.

Security mode!: mobile agent security can he split into two broad areas. The rmt

involves the protection of host nodes from destructive mobile agents, wbile the second

involves the protection of mobile agents from destructive hosts.

Communication model: communication is used when accessing services outside of the

mobile agent, during co-operation and co-ordination between mobile agents and other

cntities, and finally to facilitate competitive behavior between self-interested agents.

Navigation model: concerns itself with all aspects of agent mobility from the discovery

and resolution of destination hasts to the manner in which a mobile agent is

transponed.

Tbese models are bigbly integrated and interdependent. Figure 3.4 gives a simple view

of the Stnlcture ofa mobile agent [URL2]•
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The core of the structure is based on the computational modeL This has significant

impact on the other models. It defines how we address other agents, hasts and

resources, which is important to the security model. The type of life cycle model

adopted is dependent on the facilities of the computational modeL

Both the security and life cycle models are structurally very close to the core. Security

issues permeate every aspect of a mobile agent and therefore must be provided for at

the Most basic leveL The life cycle model defines the vaUd states for an agent.

The outer layer contains the communication, navigation and agent models. The agent

model defines the Uintelligent agent" aspects of a mobile agent such as leaming and

collaboration funetions. The communication model is beavily dependent on the security

model so that agents are not corrupted by other agents or hosts. Finally, the navigation

model is also dependent on the security model as it bands itself over to the hast to he

transported to another node.
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A mobile agent environment is a software system. whicb is distributed over a network

of heterogeneous computers. Its primary task is to provide an environment in which

mobile agenls can execute. The mobile agent environment implements the majority of

the models lbat appear in the mobile agent defmition. It may also provide: support

services whicb relate to the mobile agent environment itself, support services pertaining

to the environments on which the mobile agent environment is buUt, support services

accessing to other mobile agent systems, and finally support for openness when

accessing non·agent·based software environments [DRU].

The basic mobile agent architecture is illusttated in Figure 3.5 [URL2]. The mobile.
agent environment is built on top of a host system. The smiling faces are mobile agents

mat travel between mobile agent environments. Communication between mobile agents

(local and remote) is represented by bi·directional arrows. Communication can also

takes place between a mobile agent and a host service.

Figure 3.5 Basic Mobile Agent Architecture [URL2]



•
Chapter 3 Mobile Agent Technology

3.3 Advantage. of the Mobile Agent Paradlgm

22

•

Mobile agents have Many advantages over the traditional clientlserver model. In

[URL2]. various claims related to mobile agent are examined and its advantages are

summarized as foUowing:

• Efflciency: Mobile agents consume fewer network resources since they move the

computation ta the data rather than the data to the computation.

• Reduction of network trafflc: Most communication protocols involve severa!

interactions. especially when security measures are enabled. This causes a lot of

network traffic. With mobile agents, one can package up a conversation and ship il

to a destination host where the interactions can take place locally.

• Asynchronous autonomous interaction: Tasks can he encoded into mobile agents

and then dispatcbed. The mobile agent can operate asynchronously and independent

of the sending program. An example of this would be a mobile device dispatching

an autonomous search agent onto the rlXed network, disconnecting, then

reconnecting sorne time later to collect the results of the search.

• Interaction wilh real-lime entilies: Real-lime entities such as software controlling

an ATM switch or a safety system in a nuclear installation require immediate

responses to changes in their environment. Controlling these entities from across a

potentially large network will incur significant latencies. For critical situations

(nuclear system control), such (alencies are intolerable. Mobile agents offer an

alternative.. They can he dispatched from a central system to control real-lime

entities at a locallevel and a1so process directives from the central controller.

• Dynamic adaptation: Related to the above topic~ mobile agents bave the ability to

autonomously reaet to changes in their environment.. However~ such changes must

be communicated to mobile agents from the mobile agent environmenL
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• Dealing with vast volumes ofdata: When vast volumes of data are stored at remote

locations, as in weather information systems, the processing of this data should he

performed local to the data. instead of ttansmitting il over a network.

• Robustness andfault tolerance: The ability of mobile agents to react dynamically to

adverse situations makes il easier to build fault tolerant behavior, especially in a

highly distributed system.

• Support for heterogeneous environments: Both the computers and networks on

whicb a mobile agent system is built are heterogeneous in character. As mobile

agent systems are generally computer and network independent, they suppon

transparent operation.

• Personalize server behavior: In the intelligent networks, mobile agents are

proposed as a way to personalize the bebavior of network entities (e.g., routers) by

dynamically supplying new behavior.

• Support for electronic commerce: Mobile agents cao be used to build eJectronîc

markets. Here mobile agents embody the intentions, desires, and resources of the

participants in such a market.

• Convenient development paradigm: The design and construction of distributed

systems can he made easier by the use of mobile agents. Mobile agents are

inherendy distributed in nature and bence are a natural view of a distributed system.

Since mobile agents bave Many advantages over the traditional client/server model, we

present a mobile-agent-based dynamic channel allocation algorithm. In the next

cbapter, we will descD"be our proposed algorithm in detail.
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Chapter 4

MobUe-Agent-Based Dynamic Channel

Allocation Algorithm

4.1 Motivation

ln Chapter 2~ we reviewed the different channel allocation schemes. We found the

variaus techniques proPOsed in the literature made great effort on how ta efficiently

reuse channels in the cellular system so that to minimize the blocking probabilities for

network traffie. However~ those algoritbms use the block-and-clear model~ tbat is, if a

caU cannot allocate a channel, then this calI is blocked and simply cleared immediately

[Donald73][Ming89][Chib93]. But in fact, in sorne cases, a short delay heforc being

connected could he acceptable. People would rather wait for a few seconds to get

connected than rediallater.

In our rcsearcb, we specifically consider tbis case where the mobiles may not need to

he connected immediately, mobile users might he able to tolerate a shon delay before

heing connected. If the waiting lime is chosen properly, the total blocking probability

of the network can be reduced considerably [Reece96].

In oue proposed new algorithm, we place the blocked caUs in a waiting queue for a

limited amount of tîme. During this short period, if there is a channel available for this

cali, then we cm assign Ibis cbannel to the cali immediately. If there is still DO channel

avaiJable, tben this cali is cleared. This algoritbm can give people the cboice 10 wail
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for a connection so that it improves the quality of service (QoS) in cellular network.

QoS is a set of user-perceivable attributes of that which makes a service what it wants

[Race82]. Specifie QoS parameters take subjective or objective values, expressed in

user-understandable language. Objective values are customer-verifiable, which are

defmed and measured across particular service parameters. Those subjective values

represent the provider's opinion whicb are defmed and estimated with respect to user

surveys [Coch92].

In a customer-provider relation, QoS is defined by service parameters of the provider

(called the system perfonnance at the QoS provider interface), whicb satisfy customer

requests (QoS customer interface) [Dini97]. Some major needs for QoS enhancements

were summarized as follows:

• possibility to choose Many values at a time between space values of parameters

• transparent verification and validation of preconditions between combined space

values

• possibility to change dynamically the cardinality of value space

• improving the trader with new services in arder to monitor relations

Our algoritbm is based on the main idea of Local Packing algorithm (Chih93], because

LP algorithm maintains a favorable performance over FCA under uniform traffic in the

region of interest even when the network bas a large number of cbannels. More

imponantly, it bas a tremendous capability to alleviate congestion at traffic bot pots.

Up to DOW, most cellular network are using central control. It cao produce near

optimum channel allocation, but al the expense of a high centralization overbead

[Nettleton89]. In our algoritlun. we keep a channel status table for assigning and

releasing cbannels in the Mobile Switch Center (MSC), each channel assignment

procedure and channel release procedure require some cboice to he made dynamically.

These are arguably the bardest interactions to deal with from a computational
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viewpoint and if using the traditional way t it will cause high network traffic [Mike95).

They are precisely the class of problems that our model is based on Mobile Agent

addresses.

As wc introduccd before t Mobile Agent bas great advantages on reducing network

traffic, dealing with vast volumes of data and dynamic adaptation. Therefore, our study

uses Mobile Agent ta make dynamic decision and do the computation when it is in the

remote destination (MSC). The Mobile Agent can select a proper channel for a call or

monitor when a channel is available for a waiting cali. It makes our algorithm more

efficient and competitive with respect to the traditional metbods without using the

Mobile Agent.

In the following section, we will describe our a1gorithm in detail. Ficst, we give a brief

introduction to the main idea of LP algorithm.

4.2 Main Idea of LP Aigorithm

In the LP algorithm, each base station assigns channels to new or band-off caUs using

the Augmented Channel Occupancy Matrix (ACQ), which contains the necessary and

sufficient local information for each base station to select a channel.

Let M he the total number of available channels' in the system and ki he the number of

neighboring cells to cell i within the co-cbannel interference distance. The ACQ matrix,

as sbown in Figure 4.1 t bas M+1 columns and la +1 rows.

The fust M columns correspond to the M cbannels. The fmt row indicates the channel

occupancy in cell i and the remaining la rows indicate channel occupancy pattern in the

neighborhood of i, as obtained from neighboring base stations. The last column of the

matrix corresponds to the number of corrent available cbannels for each of the la + 1

co-cbannel cells.
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Figure 4.1 The Augmented Channel Occupancy Table

4.2.1 Channel Alslgnment Procedure B••ed on LP Aigorithm

When a base station receives an access request. it searcbes for an empty column in its

ACQ table. If successful, it assigns that channel to the request. If the ACQ table

contains no empty column, the base station then looks for a column with a single check

mark. If found, it identifies the corresponding cell and checks to see whether tbat cell

bas channels available (indicated bya nonzero eolly in the last column). If that is the

case. it sends a request to that cell to reassign the call currently using that channel to

another channel and it assigns the round channel to its access request. The Figure 4.2

descn"bes the procedure ofchannel assignment.

The content of the ACQ table is updated by collecting channel occupancy information

from all interfering ceUs tbrough a simple procedure: each base station, when seizing or

releasing a channel, sent this information to ail interfering ceUs' ACQ tables. A base

station sbould send out update information aIso if its own eotry in the augmented

column bas cbanged as a resu1t of another cell seizing or releasing channels.
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Figure 4.2 Channel Assignment Procedure Based on LP Algorithm

4.2.2 Chann.1 R...... Procedure B.Nd on LP Algorlthm

In the literature [Chib93], oo1y the channel assignment procedure is considered. But in

our proposed algorithm, we need to consider how to assign a released channel to a

waiting calI. According to the idea of the LP aIgoritbm, wc present the channel release
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procedure based on the LP algorithm. Figure 4.3 describes the procedure of channel

release:
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Figure 4.3 Channel Release Procedure Based on LP Algorithm
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When a caU on channel k ofcell i terminates, if tbere is a calI waiting in the queue, fmt

check if the waiting call also cornes from base station i, if yes, this channel can he

directly assigned to this call and doesntt need update anytbing. If the waiting calI is

not from base station i, say it is from base station i, check if cell j is the interfering cell

of cell i, if yes, check to see if this channel can he re-assigned to the waiting caU. The

following steps are executed:

1. First it searches for an empty column in cellis ACQ table after clearing the check

mark of the k channel in cell Î. If successful, it assigns that channel to the waiting

caU.

2. If the ACQ table contains no empty column, then looks for a column with a single

check mark after clearing the check mark of the k channel in ccli i. If round, it

identifies the corresponding cell and checks to see wbether that cell has channels

available (indicated by a nonzero entry in the last column). If that is the case, it

sends a request to that cell to reassign the caU currently using mat channel to

another channel and it assigns the round channel to the waiting calI. If no channel is

available, tben the channel k can 't he assigned to tbis waiting caU.

The content of the ACQ table is updated by the same way as the one used in channel

assignment procedure.

4.3 Design of Our Aigorithm

In our algoritlun. instead of implementing distributively at the base stations with a

simple Augmented Channel Occupancy table as Chïh-Lîn and Pi-Hui Chao [Chih93]

did, we propose to keep a table which contains the information of all base stations in

the Mobile Switcbing Center (MSC).

Eacb base station is treated as an ageney where a stationary agent Base is residing to

provide services for the mobiles. If it receives a cali request !rom a mobilc9 it will
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create a Start agent and send it to the remote location MSC to select a channel for this

calI. If it receives a cali finisbed message from a mobile9 it will create a Finish agent

and send it to MSC to release this cbannel. MSC is an agency where a stationary agent

Directory is residing to provide information needed by each base station and to update

the information in channel status table. Figure 4.4 shows tbis simple structure.

MSC

... --- ~

~: ~ FÙlisIt }
.... _-_ ..

•

Figure 4.4 Structure of Mobile-Agent-Based Cellular System

4.3.1 Ch.nne' Asslgnment Procedure

When the Base agent in eell i reeeives an access request from a mobile, the following

steps are exeeuted (see Figure 4.5):

1. First9 the Base agent creates a mobile agent Start with eell i's authority and gives it

the flXed amount of time it should wail for a channel.

2. Sends Start to the place wbere the stationary agent Directory is residing in MSC.

3. The Start agent meets the Directory agent and asles the service.



•
Chapter 4 Mobile-Agent·Based Dynamic Channel Allocation Algorithm 32

D cIIecbs........dc:Id•...............

D .\CO 01cali 1r... ca.. ~

1. MSC S. Mela n f .
.......... wItfcII IO ACO I1'1 ......

......1f. cali 1auIt.I-.III"
....1SlM(S) wIIicIl_ cali'" ID

,.s

Figure 4.S Channel Assignment Procedure

D • I
cali .. ft QlI CIImlll,UIf••

IUtcMMel u .....1

D ca.. IIak ....
.........."co ...

..... ACO f I 1IIH

•



•

•

Chapter 4 Mobile-Agent-Based Dynamic Channel Allocation Algorithm 33

4. The Directory agent fllSt checks the authentication and authorization of the Stan

agent, if they are not valid, then the Directory agent refuses to provide service. If

the authentication and authorization are valid, then the Directory agent extraets the

cell i's ACQ table and gives it to the Stan agent. In the meantime, the fields in the

total channel status table, whicb related ta this ACQ table are locked. That means

they are not allowed to he accessed by other agent.

s. The Stan agent uses the LP algorithm to analyze the ACQ table.

• If there is a channel available, then this channel is assigned to the Stan

agent. Meanwhile, the information in ACQ table is updated. Then the Stan

agent meets the Directory agent and retums the updated ACQ table. If the

channel is available through channel-reassignment, the Directory agent

sends a request to the corresponding cell to reassign the caU currently using

that channel to another channel. And the Slart agent sends the result back

and then terminates itself. In the meantime, the Directory agent updates the

information in the total channel status table according to the updated ACQ

table. and then, the fields related to this ACQ table are unlocked.

• If there is no channel available, then the Start agent meets the Directory

agent and retums the ACQ table. The Directory agent unlocks the fields

related to this ACQ table and no update is needed. The Stan agent goes

into a waiting queue and sleeps there until invoked by the Directory agent.

If in the given tilDe. no channel is available, then the Start agent sends a

signal back and terminates itself. In this case, the calI is blocked.

4.3.2 Chlnn.' R...... Procedure

When a call on channel k of cell i terminates. the following steps are executed (sec

Figure 4.6):
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1. First. the Base agent in cell i creates a mobile agent Finish with cell i's autbority

and gives it the channel's number k.

2. Sends the Finish agent to the place where the stationary agent Directory is residing

in MSC.

3. The Finish agent meets the Directory agent and asles the service.

4. The Directory agent [trSt checks the authentication and authorization of the Finish

agent, if they are not valid. tben the Directory agent refuses to provide service. If

the authentication and authorization are valid. then the Directory agent gels the

released channel number k and cell number i from the Finish agent. Then the Finish

agent terminates itself.

5. After while, the Directory agent checks if the waiting queue is empty.

a) If the queue is empty. then the Directory agent updates the channel status table

according to the information the Finish agent gives.

b) If the queue is not empty. then the Directory agent checks the ftrSt mobile agent

Start in the queue.

• If this Start agent aIso cornes from cell i, Directory agent invokes il and

assigns the channel k directIy to it and doeso't need update anytbing. Theo

the Start agent sends the result back and terminates itself.

• If this S'art agent is Dot from cell i, check if it is from the interfering cell of

cell i.

If the Start agent is not from the interfering cell ofcell i, then let the Start agent

continue sleeping and checks the second mobile agent in the queue, then

follows the same procedure as the fmt onc.
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If the Stan agent is from the interfering eell of eell i, then the Directory

agent invokes it and gives its ACQ table. The fields in the channel status

table which related to this ACQ table are locked. With the ACQ table, the

Stan agent uses LP algorithm to analyze if the channel k can he assigned to

the eaU. If yes, then the Stan agent updates the ACQ table. Then the Start

agent goes to mect the Directory agent and returns the ACQ table. If the

channel is available through channel-reassignment, the Directory agent

sends a request to the corresponding ceU to reassign the caU currently using

that channel to anotber channel. And the Stan agent sends the result back

and then terminates itself. In the meantime, the Directory agent updates the

information in the total channel status table according to the updated ACQ

table and then the fields related to tbis ACQ table are unlocked.

If no channel cao he assigned to the Stan agent, tben the Start agent retums

the ACQ table to the Directory agent. And the fields related to this ACQ

table are unlocked. Let the Stan agent sleep in the queue again. If there

exists anotber mobile agent sleeping in the queue, Directory agent checks it

and foUows the same procedure as the first one.

• If the channel k cannot he assigned to any mobile agent in the waiting

queue, then the Directory agent updates the channel status table according
,

to the information the Finish agent gives.

Our implementation is based on the Grasshopper platform. In order to show how our

implementation is possible, in the next chapter, we give a brief introduction to Mobile

Agent System Interoperability Facilities Specification (MASlF)t and the platfonn

(Grasshopper) used in our implementationt which is compliant to MASIF standard.
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Mobile agents are a relatively new tecbnology that is fueUng a new industry. Up to

now, there exist many agent systems, which differ widely in architecture and

implementation. Our research is canied out in the Grasshopper mobile agent

environment which is compliant to Mobile Agent System Interoperability Facilities

Specification (MASIF). In this chapter, we give a brief introduction to MASIF standard

and the Grasshopper platfonn.

5.1 MASIF

5.1.1 Background

An important goal in mobile agent technology is interoperability between various

manufacturer' s agent systems. The differences among mobile agent systems prevent

interoperability and rapid proliferation of agent technology, and bas probably impeded

the growth of the industry [GMD971t thus it would he nice la bave a single standard

mat is as universally accepted.

Just as CORSA dermes a standard for distributed object interoperabilityt standards are

needed for a universal agent platform that would allow any server to accept and execute

an agent from any vendor. Interoperability becomes more acbicvable if actions sucb as

agent transfert class transfert and agent management are standardized. abject

Management Group (OMO) is currendy working on an agent standard in the form of a

. CORSA common facility. The resulting standard will specify language-independent



interfaces for dealing with agents. but will probably not go as far as specifying any

particular mobile code implementation.•
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One of the most promising candidates for mobile agent standard is OMO FOKUS's

MASIF proposai. The MASIF standardization is a joint submission of OMO FOKUS,

International Business Machines Corporation, Crystaliz. General Magic, and the OPen

Group in 1997. It is based on Java and bullt on top of the OMO Common abject

Request Broker Architecture (CORBA), thus providing the integration of the traditional

client/server paradigm and mobile agent technology. Our platform Grasshopper is the

first intelligent mobile agent environment that is compliant to the MASIF standard. In

the next two subsections, we show the advantages using Java in mobile agent

implementation and the services provided by CORBA in MASIF standardization. After

that, we describe two imponant interfaces contained in MAF module. Due to the

methods of these two MASIF-compliant interfaces are not optimized for the

Grasshopper environment, in Section 5.2.2.4, we will introduce (WO Grasshopper ­

specifie interfaces.

5.1.2 Adv8ntage. Using J8V8 ln Mobile Agent Implementation

Java is an interpreted, object-oriented language and library set. Its main features are

[URLll]:

• simple and familiar object-oriented language, which facilitates the definition of

clean interfaces to promote the design of reusable software modules.

• architecture neutral, portable and robust system, which places empbasis on early

error cbecking, and eliminates use oferror prone programming features.

• interpreted and dYQamic program execution, which permits application to adapt ta

an evolving environment by deferring binding of plug-in modules until nmtime.

• a comprehensive security system. wbich enables construction of vïrus-free, tamPer­

Cree systems for network environments.



• multitbreaded execution with syncbronization between threads, which is useful in a

multiprocessor system where threads ND concurrently on separate processon, and

improves program performance on single processor systems by pennitting the

overlap of input. output, or other slow operations with computational operations.

• support for distributed systems through the remote object invocation (RMI) and

object serialization (OS) facilities. and offer extensive library of routines for coping

with TCPIIP protocol.

•
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A mobile agent is an active object that can move both data and functionality (code) to

multiple places within a distributed system. A mobile agent should he able to execute

in any machine within a network, regardless of the processor type or operating system.

In addition. the agent code sbould not have to he installed on every machine that the

agent could potentially visit. It should move with the agentts data automatically.

Therefore, il is desirable to implement agents on top of a mobile code system. such as

the Java virtual machine (JVM). The Java Virtual Machine implements an abstraction

layer to bide the underlying operating system and hardware architecture [URL11]. This

abstraction is what insuJates the built Java application from whatever system is bosting

execution. This is unlike the tradition model where the application is built for a

panicular system. The built application is mapped direcûy ta the particular system

basting execution. By shifting these system dependencies from the built application to

the Virtual Machine, Java applications once bullt are inberently portable. It is the

Vinual Machine. which must he poned to the host system, not each particular Java

application. The dynamic nature of Java classes and abjects, combined with advanced

networking capabilities. make Java highly qualified for use as a mobile agent platform

[Steven97].

Java and its mn-time system produce a flexible and powerful programming system

which supports distnbuted computing~ An agenes classes are loaded al runtime over

the network. as it travels ftom one location to anather. So we can sec tbat Java is a



natura! choice for implementing agent system because it is a mobile code platform with

built-in support for networking.
•
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&.1.3 CORBA Service.

CORSA (Common Object Request Broker Architecture) is a specification of an

architecture and interface that allows an application to make request of objects (servers)

in a transparent~ independent manner~ regarclless of platforD1. operating system. or local

considerations. The CORBA ORB is an application framework that provides

interoperability between abjects. built in (possibly) different languages. running on

(possibly) different machines in beterogeneous distributed environments [URL3].

The CORSA paradigm follows two existing Methodologies: distributed client-server

programming and object-oriented programming. The distributed computing is based on

message-passing systems found in Most UNIX systems. In CORBA. features ofobject­

oriented programming. such as encapsulation and inheritance. are used.

CORDA can provide the following services wbich are related to mobile agent

technology (Figure 5.1) [0MD97]:

• Naming service: CORBA naming service binds names to CORBA objects. The

resulting name-to-object association is called a naming binding. which is always

related to a naming context. A naming context is an object that contains a set of

name bindings in which each name is unique.

• Lifècycle service: CORSA life cycle service defines services and conventions for

creating, deleting, copying and moving CORDA abjects.

• Exlemalization service: CORSA extemalization service provides a staDdardized

mecbanism for recording an object's state onto a data stream. and for restoring an

abject's state from a data stream. An agent system uses this service wben il needs to

serialize and deserializc an agent's state.
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Figure 5.1 CORBA Services and Facilities

• Security service: although CORSA security does not currently meet aIl the needs of

mobile agent technology, the mobile agent facility (MAF) implementation must use

available CORBA security to satisfy its security needs. The security requirements

for agents and agent systems in CORSA are:

• Agent nalDing

• Client authentication for remote agent creation

• Mutual authenticatioD ofagent systems

• Agent system access to autbentieation results and credentials
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• Agent authentication and delegation

• Agent and agent system security policies

• Integrity. confidentiality, reply detection, and authentication

5.1.4 MAF Module
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The Mobile Agent Facility (MAF) is a collection of definitions and interfaces that

provide an interoperable interface for mobile agent systems. The MAF module contains

two interfaces:

• MAFAgentSystem interface

• MAFFinder interface

The interfaces have been defined at the agent system level rather than at the agent level

to address interoperability concems.

5.1.4.1 MAFAgentSystem Interf.ce

The MAFAgentSystem interface defines methods and objects that support agent

management tasles 5uch as fetching an agent system name and receiving an agent.

Tbese methods and objects provide a basic set of operations for agent transfer,

including receive, creale, suspend, and terminate.

5.1.4.2 MAFFlnder Interf.ce

The MAFFinder interface is a naming service. It provides methods for maintaining a

dYQamic Dame and location database of agents, places, and agent systems. The interface

does not dictate wbat method a client uses to find an agent. Instead, it provides ways lo

locate agents, agent systems, and places that support a wide range of location

technique. It dermes operations for œgistering, unregislering, and locating agents,

places, and agent system.
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Grasshapper is the fmt intelligent mobile agent enviranment. which is campliant to the

MASIF standard. The standardization ensures that user's agent applications will he

opened towards other agent enviranments and save the investments for the future.

Grasshopper allows user ta build agent-enabled disttibuted applications. which take

advantage of local high-speed communication and local high...speed data access. Thus

wc chose to implement our algorithm in the Grassbopper platform.

5.2.1 Gr.sshopper Agent Environment

The Grasshopper enviranment consists of severa! agencies and a region registry.

remotely connected via an abject Request Broker (ORB). The advantage of

Grasshopper as an ORB-based agent platform is the integration of the traditional

clientlserver paradigm and mobile agent technology. Due ta the fact that Grasshopper is

built on top of an ORB, the platfonn capabilities can easily he enhanced by simply

accessing other (agent-based or non agent-based) ORB applications. For instance. a

CORBA trading service can he integrated for finding agencies, places. or agents

providing specifie capabilities, or an event service can be used to enhance the low-Ievel

communication capabilities.

SeveraJ interfaces are specified to enable remote interactions between the distinguished

distributed components. Apart from Grasshopper-specific interfaces, the MASIF­

compliant interfaces (MAFAgentSystem and MAFFinder) are provided to enable

interoperability between th~ Grasshopper platform and (MASIF"'tompliant) agent

systems of different vendors. Figure S.2 shows the Grasshopperenvironment [URIA).
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Figure 5.2 Grasshopper Environment [URlA]

5.2.2 B••le Componenta of Gr••ahapper Envlronment

5.2.2.1 Ag.ney
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Ageneies are the actual runtime environments for mobile agents, eonsisting of a core

ageney and one or more places. Each agency runs on its own lava virtual machine.

Extemal interfaces are provided in order to enable the remote aceess of an ageney via

an ORB. Interface MAFAgentSystem is provided in order to enable a MASIF­

eompliant aceess, and the Grasshopper-speeifie interface AgentSystem offers

sophisticated aceess to a Grasshopper ageney.

The core ageney provides ooly those capabilities that are inevitably required for the

exeeution of agents. Agents aceess this functionality in order to retrieve information



about other agents. agencies or places. or in arder to move to another location. Human

users are able to monitor and control aIl activities within an agency by accessing the

core services. Optionally. a Graphical User Interface (GUI) cao be activated to facilitate

user interactions. The eDtïre content of an ageDcy. Le. the places as weil as the agents

residing in each place. can be monitored and cODtrolled. The important core services

are described as following:

•
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Communication Service

This service enables asynchronous messaging and Merbod invocation. and thus

supports the communication between agents. Agents cao contact each other in a

location-transparent way. By contacting the region registry, the communication service

is able ta locate the agent to which a connection shaH he established. If agents move

away during communication. the new location is automatieally updated.

Registration Service

Each ageney must be able to know about ail currently hosted agents and places for

intemaJ/extemal management purposes. The registration service is developed in order

ta deliver infonnation about registered entities to hosted agents. Besides, the

regjstration service of each agency is connected to the region registry which maintains

information of agents, ageneies and places in the scope of a whole region.

Manalentent Services

Management services are developed to monitor and control agents and places of an

ageney by extemal (human) users. The following functionality is supponed:

• create, remove, suspend, resume agents and places

• get information about specifie agents and services

• list aU agents residing in a specifie place

• list ail places of an ageDcy



Apart from this, configuration management enables buman users to specify system,

trace, security, and communication properties.
•
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Transport Service

This service supports the migration of agents from one agency to another. At the

destination agency! the agent continues its task processing at that point wbere it bas

been interrupted before the migration. The transpon service handIes the extemalization

and intemalization of agents, the localization of the destination agency, the connection

establishment, and the transfer procedure itself.

Security Service

The Security Service provides authentication, privacy and integrity of inter-agent

communication usiog Security Socket Layer (SSL) with Remote Method Invocation

(RMI) or SSL with plain sockets. SSL is a slrong and secure cryptographie method and

state-of-the-art in many security-relevant applications, e.g. Web Browsers.

While the core services are tigbtly and statically integrated ioto the ageDey, additional

services may be realized either by static companents or by special agents, called service

agents. In this way, the capabilities of the Grasshopper platform can be enhanced in a

very flexible and comfonable way. The functionality realized by a service agent can he

offered to other agents, applications, or human users. Also mobile agents offer

functionality to other agents, services or buman users. However, in contrast to service

agents, mobile agents may move through the network in order to perform their tasle. For

instance, a service agent or human user wants to collect information tbat is diSlnDuted

throughout the network. In tbis case, a mobile agent can be create~ wbich migrates

from agency to agency, collects the desired information, and retums back to the

initiator.
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The region concept facilitates the management of the distinguished components in the

Grasshopper environment. Agencies, as well as their places, can he associated to a

specifie region. Severa! agencies can be grouped to one region represented by one

region registry. Each agency automatically registers each cunently hosted service agent

and mobile agent within the region registry. If an agent moves to anotber location, the

corresponding registry information is automatically updated.

The region registry is realized by means of a Java program running on its own Vinual

Machine. Agents may contact the region registry in arder to locate other agents~

services, places, or ageneies. On the other band, human usees (administrators) are able

to traek their agents in the scope of the whole distributive environment by contacting

the region registry.

As an ageney, also a region registry pravides interfaces that enable reroote aceess ta the

offered funetionality. The MASIF-compliant interface MAFFinder is provided in order

to enable MASIF-compliant aeeess, and the Grasshopper-specifie interface

RegionRegistration also ean he used to offer a sophisticated access.

5.2.2.3 MA51F - Compilent Interfac••

As we introdueed in Section 5.1.4, MASIF contains two interfaces: interface

MAFAgentSystem and interface MAFFinder. The interface MAFAgentSystem is

associated to single ageneies, and provides the foUowing methods:

• createlsuspendlresumelremove agent

• receive agent

• list bosted agents

• list available services

• get agent state

• get MAFFinder reference
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The interface MAFFinder allows the registration and de-registration of agencies.

places. and agents in the scope of a region. Additionally. methods are provided to

search for specific agencies, places. and agents.

Because the methods of these two MASIF-compliant interfaces are not optimized for

the Grasshopper environment, a Grasshopper agency also can he accessed via the

Grasshopper-specific interfaces whicb have been designed especially for this platfonn,

and therefore allows to access the offered functionality in the Most efficient way.

5.2.2.4 Gr•••hopper - Specifie Inte".ce.

The Grassbopper-specific interfaces include interface AgentSystem and interface

RegionRegistration. In contrast to the interface MAFFinder and MAFAgentSystem.

these two interfaces have been especially designed for the Grasshopper plaûonn.

Apart from the functionality offered by MAFAgentSystem, the AgentSystem interface

provides methods for sophisticated place management, Le. the creation. suspension,

resumption. and removal of places within an agency.

Apart from the functionality offered by MAFFinder, the RegionRegistration interface

provides mechanisms for "freezing" an agent within a specific agency. Additionally,

sophisticated search operations are comprised.

5.2.3 Agent Progr.mmlng Guide On Gr•••hopper

The following two subsection comprise sorne information that is need for the

implementation of a Grasshopper-compüant mobile ageoL

5.2.3.1 Agent Methocl.

Grasshopper-compliant mobile agents are entirely implemented in Java, realized by

means of al least one Java class. Bach concrete agent bas to he derived from the

abstract class Agent whicb is pan of the platform class library. and whicb bas to he

provided by eacb agency during its runtime. This abstraet class comprises various



methods that realize the ooly ubridge" between an agent and its environment. Tbese

methods can he subdivided ïnto (wo groups [URL4]:
•
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• Modifiable methods: Severa! methods of the abstraet class Agent must or May he

re-implemented by the agent programmer. For instance, the method 1 ive has to he

re-implemented since it specifies the actual task of the agent, whereas the method

createDescription can optionally he overridden in arder ta specify a textual

description of the agent's task.

• Non-modifiable methods: During its execution, an agent must he able to access the

capabilities of the core agency. Thus. the class de. ikv .grasshopper.

agency •Agent provides various methods. That means, a concrete agent does not

get a reference of any comPOnent of the core agency, but instead invokes methods

of its own superclass. These methods are declared final which means that they

cannot he modified or re-implemented by agent programmers.

Sorne modifiable and non-modifiable agent methods that will be re-implemented or

used in our algorithm will he introduced in the Section 6.1.

5.2.3.2 Inter-Agent Communication

Agents must he able to communicate with each other in order to exchange information.

Especially, mobile agents must he able to access the offered functionality of service

agents. The mechanism for inter-agent communication is provided by the

communication service.

An agent tbat likes to malee use of the communication service fust bas to create a local

proxy object associated with the agent that should he contacted. AIl communication

(method caUs on the contacted agent) is done via that proxy object thus achieving

location transparency. Once the proxy abject is created. the agent cao use aIl public

methods of the associated agent. The communication service takes care of contaetîng

the desired agent itself and determines the underlying communication protocol. The

Figure S.3 illustrates tbis scenario where Agent A is contaeting Agent B.
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Figure 5.3 The Usage of Proxy Objects for Dynamic Method Invocation

ln this chapter, we have introduced our platfonn - Grasshopper. We will show how ta

realize our algorithm on Grasshopper in the next chapter. And further more, we will

analyze the performance of our proposed model through a simulator written by Java.
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ln this cbapter. the impIement detail on Grasshopper will he given in Section 6.1. And

in Section 6.2. we will analyze the performance of our algorithm through a simulated

cellular network consisting of 144 bexagonal cells with equal size arranged in a 12x12

grid.

&.1 Implementation of Our Algorlthm on Grasshopper

ln our algorithm. we bave two kinds of service agents named the Base agent and the

Directory agent. We also bave two kinds of mobile agents named the Stan agent and

the Finish agent. Their tasks bave been described in Section 4.3. In order to realize

these tasks. we need implement four agents class: BaseAgent. DirectoryAgent.

StartAgent and FinishAgent. Each agent has to be a subclass of the common

Agent class. For instance, with the BaseAgent class, we bave:

public class BaseAgent extends de.i/cv.grasshopper.agenc:yAgent

And as we introduced in Section 5.2.3. several methods of the abstraet class Agent

must or May he re-implemented. In our implementation. wc will re-impiement

live () t init () t createName () t isMobileAgent () (only for service agents)

metbods.

Figure 6.1 shows the diagram of our agent classes relationsbip according to Unified

Modeling Language (UML). UML is a general-purpose notational language for

specifying and visualizing complex software. especially large. object-oriented projects



[URL13]. A class is drawn as a solid-outline rectangle with three companments

separated by horizontal lines [URL14). The bebavior of a class is represented by its

operations. The structure of a class is represented by ils attributes. Relationsbips

provide a patbway for communication between objects.
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Figure 6.1 Diagram ofOur Agent Classes Relationsbip in UML

In the above figure, there exist two types of relationsbips between classes: inheritance

and association. InberitaDce is a relationsbip between a superclass and its subclasses.

Association is a bi-directional connection between classes which is shown as a line

connecting the related classes [URL14]. In order to show how tbese agent classes

communicate with each other, in the foUowing subsection, we will introduce each agent

class in detaiI.
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&.1.1 S•••Agent CI•••

BaseAgent class is a subclass ofcommon Agent. It declares the following objects:

privale String home; //this base station f S location

private String homeid; /Ithe identification ofthis base station

private String place; //the currenr place ofthe BaseAgent

private String channel_number; //contains the number ofthe channel

privale String agentid; //the identification ofcreated mobile agent

privale String location_MSC; //the location ofMSC

private String host_MSC; /Ithe host name which MSC is residing

private String place_MSC; //the place name which MSC is residing

It includes the following methods:
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• createAgentName (): This method defines an individual name for Base agent.

pllblic String createAgentName(J(

retum new String( U BaseAgent ft);

}

• isMobileAgent (): This method indicates whether an agent is a mobile agent or

a service agent. By default<t agents are indicated as mobile agents (return value

true). Thus. this method has to he overridden for eacb service agent.

public boolean is MobileAgent(JI

return false:

}

• ini t ( ) : This metbod allows to initialize the Base agent before the actual taslc

processing is started.

public void init(){



•
Chapter 6 Implementation and Performance

I/initialize the channel_number to null atfirsr

channel_number=null:

I*get this base stationts location. getServiceinfo () method

returns information about the service represenled by the agent */

home=getServiceinfo().getServiceRuntimeRelated().serviceLocation:

Ilget the id ofthis base station

homeid=getAgencyld():

/Iget this BaseAgent current place

place=de.ikv.grasshopper.util.LocationAssistant.getPlace(homel;

/Iget the MSCts location

localion_MSC=de.ikv.grasshopper.util.LocationAssistant.

createLocation(host_MSC. UMSC,t, place_MSC);

}
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• live ( ): This method is the most fundamental method of each agent. since it

specifies the agentts bebavior.

public void live(){

Ilinitialize the information ofmobile agent which will be created

Agent/nfo info=null;

l*ifBaseAgent receives a signalfrom a mobile, getSignal (mobile)

melhodanalyzes the signal and retum the message.·*/

String message=getSignal(mobile);

IRfmessage is "CallArrived", creates Stan agenl and send to MSC

if(message== "CallArrived't) (

tryr

I*create a StartAgent in Ihe cu"ent place. crea teAgent method

enahles an agent to creale another agent in the same or another

place ofthe cu"ent agency. *1

info=this.createAgent( cacrim.ca.ymzhang.StartAgen''',

':file://", place, null);
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}

catch(Exception e){}:

Ilget the id ofthe created agent

agentid=info.getService/D(J.toString;

I*creale a proxy ofthe StartAgent so Ihat any public methods in

StartAgent class can he accessed by BaseAgent class. *1

StartAgenlP startagent=new StartAgentP(agentid. homeid);

Ilinvoke its move() method. startagent will migrate 10 the MSC

try{

startagent.move()(location_MSC);

}

catch(Exception e){}..

}Ilend if(message="CaILArrived n
)

Ilifmessage is "CaIlFinished", creates Finish agent and send to MSC

else if(message=="CallFinished n
)

try{

I/create a FinishAgent in the current

info=this.createAgent( U crim.ca.ymzhang.FinishAgent JI,

ufile:/P', place. nuil):

}

catch(Exception e)(J:
Ilget the id ofthe created agent

agent;d=info.getServicelD().toString;

I*get the retumed channel number according the mobile ID. Here

Mobile [mobileid] is an Object which containing the channel

number it ;s cu"ently us;ng. */

String release_channel=Mob;le{mobileidJ.chtmnel_number;

I*create a proxy ofthe FinishAgent so that BaseAgent class can access

any public methods in FinishAgent class.. */

FinishAgentP fin;shagent=new FinishAgentP
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(agentid.homeid.release_channel);

Ilinvoke its move() method. ftnishagent will migrale to MSC

try{

finishagent.move()(locanon_MSC);

J
catch(Exception eJ(J;

} Ilend else if(message== uCaIiFinished")

eIse

System.out.println( uinvalid message! U );

}
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• getChannel (String channel_number): This metbod is used to receive

the result from StartAgent in the remote place (MSC).

public void getChannel(String channeI_number){

Ilif the channeI_number is null. tire cali is blocked

if(channel_number==nuIl)

System.out.println( "This cali is blocked·');

Ilelse.. let this cali use the channel indicated by channel_number

else

Mobile{mobileid].channel_number=channel_number;

}

6.1.2 DlrectoryAgent CI•••

DirectoryAgent class is a subclass of common Agent. It declares the following

object:

private String .home; Ihhe home location

DataBase database; I*a reference ofDataBase abject. DataBase is an abject

which contains ail the channels' occupation information•

lt only con he accessedby Directory agent.*1



ACOTable acotable: I*a reference ofACOTable object. ACOTable is an object

which contains the channel occupation information of

specifie interferenee cells. *1

Vector waitingqueue: /Ithe listfor waiting queue

•
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The DirectoryAgent class includes many methods. Arnong them. some methods

are used to deal with DataBase which is not a main issue in our researcb. Tbus. we will

not show the implementation details of these methods here. The implementation of

these methods can refer to our simulator (Appendix B). We ooly describe the following

imponant methods:

• createAgentName (): This method defines an individual name for Directory

agent.

public String createAgentName(){

retum new String( U DirectoryAgent JJ);

}

• isMobileAgent () : This method indicates whether an agent is a mobile agent or

a service agent.

public boolean is MobileAgent(){

retum false;

}

• ini t ( ) : This method allows to initialize the Base agent before the actual task

processing is started.

public void inil(){

I*initialize channel status Dalabase using intial_DataBase (J

database=new DataBase();

initial_DataBase();

Ilget the home location
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home=getServiceinfo().

getServiceRuntimeRelated(J.serviceLocation:

}

• live ( ) : This method specifies the Directory agent's behavior.

public void live(J{

lido nolhing in this method

}
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• authentication (String agentid): This method is used to check if the

agents valid or Dot.

public boolean authentication(String agentid){

I*We suppose in MSC, there exists a database containing ail valid agent

ID. Checking agentid in ID database by using method check_ID_

DataBase (String), iffound, retum true, else retllmfalse. *1

boolean found=check_ID_DataBase(agentid);

retum found;

J

• getACOTable (String agentid, String homeid): This method is used

to provide the related ACQ table for a specifie SIan agent.

public ACOTable getACOTable(Slring agentid, String homeid){

I*first check ifthe agent ;s vaUd by invoking aUlhenticalion method. If

the agent is vaUd, then providing the service to this agent. */

if(authentication(agentid»{

I*chec/c DataBase ifthe field re/aling 10 ils ACO table is loclced. Wait

untillhe relatedfields are unlocked.*/

while(isLocked_DataBase(homeid){J

I*ExtracI ACO table[rom DataBasefor this agent according 10 Ihe

homeid by using method getTable_DataBase (String).*/
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acotable=getTable_DalaBase(homeid);

/*Then lock the fields which related to this ACO table by using

1ock_Da taBase (ACOTabl e). and retum acotable. *1

lock_DataBase(acotable);

retum acotable,.

}

else

IIi[the agent is not vaUd. then refuse to provide service

System.out.println(uThis agent is not vaUd");

}
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• returnACOTable (ACOTable acotable): This method is used to modify

the channel status database according to the returned acotable and unlock the fields

which related to this acotable.

public void retumACOTable(ACOTable acotahle){

IIi{the ACO table is changed. then change the DataBase accordingly

if(ismodifed(acotable))

modify_DataBase(acotable);

Iluniock the fields in DataBase which related to this ACQ table

unlock_DataBase(acotable);

}

• getReleasedChannel(String homeid# String agentid, String

channel_number): This metbod is used to get released channel from Finish

agent. And process our channel release procedure.

public void getReleasedChannel

(String homeid. String agentid. String channel_number){

I*jirsr check ifthe agent is vaUd by involcing the authentication method.

ifthe agent is valid. then providing the service 10 this agent. */

if(aulhentication(agentid)){



/*check ifthe waiting queue is empty.lfit;s not empty. check ifthis

channel can he ass;gned to the wait;ng cali. */

if(waitingqueue.isEmpty()==false){

//check the elements in the waiting queue one by one

Enumeration waitingitem=wa;tingqueue.elements():

while(waitingitem.hasMoreElements(»(

Ilget the first proxy ofStan agent

StartAgentP item=(StartAgentP)waitingitem.nextElement();

I*if the item is[rom the same cell as FinishAgent, then awake

the item, set the flag in item equal to l sa that this Start agent

can retum the result. Then stop checking the wailing queue. *1

if(item.homeid==homeid){

notify(item);

/Iinfoml the item which channel is released

String item.releasedchannel=channel_number:

itemJlag=I;

break:

}

/*if the item is from the interference cell of FinishAgent, then

awake il, and set the flag in this item to 2 so that this Start

agent can proceed the computation.*1

if(isNeighber(item.homeid. homeid)){

notify(item):

llin/orm the item which channel ;s released

String item.releasedchannel=channel_number;

String item.releasedhomeid=homeid:

item.jlag=2:

l/wait until itemfinish its computation

while(item.finished==false){J;

I*ifthe channel can he assigned 10 the item. break; Otherwise.

•
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continue to check nen element in the queue.

ij(item.channelJlumber)

break;

} Ilend if(isNeighberlitem.homeid. ho~eid»)

} Ilend checking the wailing queue

} Ilend if(wailingqueue.isEmpty()==/alse)

I*if the waiting queue is empty at first or this channel can not be

assigned to any waiting cali. retum this channel to Database. *1

retumChannel_DataBase(channel_number.homeid);

} Ilend if(authentication(agenlid»)

else

System.out.print/n(uThis agent is not vaUd··);

}

&.1.3 StartAgent CI•••
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StartAgent class is a subclass of common Agent. We declare the following

variables in this class.

private String home; Iithe location o/the cel/ which this start agent comes/rom

private String homeid; Ilidentification ofthe cell where the Start agent comes

private String agentid: Ilidentification ofthe Start agent

private String channel_number; Ilthe retumed channel number

private ACOTable acotable; Iithe ACO table which the start agent will analyze

privale int WaitingTime; Iithe lime for a cali waiting in the waiting queue

Its constructor dermes as:

public StartAgent(String agenlid. String homeid){

this.homeid=homeid;

this.agentid=agentid;

}
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The class includes the following methods:
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• createAgentName (): This method defines an individual name for Start agent.

public String createAgentName()(

retum new String( IlStartAgent");

}

• ini t ( ) : This method allows to initialize the Stan agent before the actual task

processing is started.

public void init(JI

Ilget home ·s location

home=getServiceinfo().getServiceRuntimeRelated(J.serviceLocalion:

Ilset 3 seconds for a Stan agent waiting in the waiting queue

WaitingTime=3000:

}

• live ( ) : This method specifies Stan agent' s bebavior.

public void live()(

llifthis agent is Stan agent. then get ACO table from Directory agent

if(getName()= U StartAgent"JI

/*create a proxy ofDirectory agent so that Stan agent can access any

public nlethods in Directory agent. *1

DirectoryAgentP directoryagent=new DirectoryAgentP();

acotable=directoryagent.getACOTable(agentid. homeid);

//analyze the ACO table according 10 our algorilhm

String channel_number=analyze_ACO(acotable);

I/retum the ACO table to Directory Agent

directoryagent.retumACOTable(acotable);

I*ifno channel avaUable. sleep in the waiting queue until invoked by
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Directory agent. Ifwaiting time is expired, then terminates itself

The cali is finally blocked. */

if(channel_number==null)(

/Iadd the proxy ofthis Start agent to waiting queue in Directory agent

directoryagent.waitingqueue.addElement(new StartAgentP{»;

String releasedchannel; //the channel number which will be released

String releasedhomeid; //the ceillD which will release a channel

while(time<=WaitingTimeJ{

try{

java.lang.Thread.sleep();

J
I*invoked by Directory agent when a released channel is from the

same or inteiference cell with Finish agent. */

catch(Exception e){

/*set a flag to dec;de ifStart agent need to analyze ACO table.

First set flag O. Ifflag is changed to 1 by Directory agent. 'hat

means the released channel ;sfrom the same cell as this Stan

agent. D;rectory agent can assign rhis channel directly to this

Start agent. no need ro modify DataBase. Then the Start agent

sends the results back and terminates ïtself. Ifflag is changed to

2 by Directory agent. rhat means the channel isfrom the inler­

ference cell. need 10 analyze the ACO table to decide iflhis

channel can be used. */

int flag=O;

boolean finished=false;

while(flag==O){J;

IIi{flag=I. assign the released channel to this Start agent

if(flag==/)(

channel_numher=releasedchannel;

break;
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}

Ilifflag=2, then get ACO table from Directory agent

acotable=directoryagent.getACOTable(agentid, homeid);

I*analyze the ACO table according to our algorithm. The method

reanalyze_ACO is used to analyze ACO table after clearing

the released channel in the base station with releasedhomeid. *1

channel_number=reanalyze_ACO

(acotable,releasedchannel,releasedhomeid);

Ilinform Directory agent the analyzation is finished

finisJaed=true;

Ilreturn the ACO table to Directory Agent

directoryagent.returnACOTable(acotable);

Iii! there is channel available, break; Otherwise, continue to sleep

if(channel_number!=null)

break;

} /Iend catch

} I/end while. Waiting lime is expired.

} Iiend if(channel_number==null)

I*ifthe time is expired or lhere exisrs channel avaUable, send the result

back and terminates iuelf.*1

I*create a proxy ofBaseAgent so that Stan agent can access any public

merhods in BaseAgent class.*1

BaseAgentP baseagent=new BaseAgentP();

baseagent.getChannel(channel_number); Ilsend the result back to home

remove(); I/this method removes the agent/rom agency

} Ilend if(getName=='~StartAgentlt)

else

System.out.println(ltTh;s;s not Start Agentlt);

}
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6.1.4 Flni.hAsent CI•••
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FinishAgent class is a subclass of common Agent. It declares the following

objects:

private String channe/_number; Iithe re/eased channel number

privale String homeid; I/identification ofthe cel! where the Finish agent comes

privale String agentid: I/identification ofthe Finish agent

115 constructor is defined as:

public FinishAgenl(Slring agentid. String homeid, String channel_number){

this.channel_number=channel_number:

this.homeid=homeid;

this.agentid=agentid;

}

FinishAgent class includes the following methods:

• createAgentName ( ): This method dermes an individual name for Finish

agent.

public String crealeAgentName(J{

retum new String("FinishAgent"J;

}

• init ( ) : This method allows to initialize the Finish agent before the actual task

processing is started.

public void inilOf

Ilget home's location

String home=getServiceinfo().

getServiceRuntimeRelaledO.serviceLocation;
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J
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• live () : This method specifies Finish agentts tasks.

public void live()1

/*if this agent is Finish agent, then retum this channel to Directory

agent. then Finish agent tenninates itself. */

if(getName()= "FinishAgent")(

/*create a proxy ofDirectory agent so that Finish agent can access

any public methods ofDirectory agent. */

DirectoryAgentP directoryagent=new DirectoryAgentP():

//retum the channel to Directory agent

directoryagent.getReleaseChannel

(homeid, agentid, channel_number);

remove(); //remove this agent fram the agency

J
else

System.out.prinlln(UThis is not Finish Agent");

J



•
Chapter 6 Implementation and Performance

&.2 Performance of Our Aigorithm
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In this section, a simulation program is written to evaluate the calI blocking

performance of the proposed algorithm with different waiting time. Specifically, in

addition to its performance under uniform traffic, we examine its ability to alleviate

congestion in the bot spots of a cellular system.

As reference cases, we use the performances of Simple FCA Scheme, First Available

DCA Scheme and Locking Pacldng (LP) Scheme in the same situation. As we

introduced in the Cbapter 2. the Simple FCA Scheme allocates the same number of

nominal cbannels to each cell. And the First AvaUable DCA Schemes assigns the first

available channel within the reuse distance encountered during a channel search to the

calI. In the Section 4.2. we have described the main idea of LP algorithm in detail.

&.2.1 Simulation

Our study is based on the following assumptions [David93][Ming89]:

1. Ali base-station transmitter power levels are the same in the absence of power

controL

2. The radio link is assumed to be free from noise and fading. So there is ooly power

loss in the radio signal due lo propagation.

3. Ali ponables and base stations bave ideal homogeneous omni-clirectional antennas.

4. The channel assignment is made ooly for the radio links from mobiles to base

stations. AIso the channel assignment is made for snapshots of the system, where a

snapshot is the set of mobiles in the system frozen in their positions, al sorne instant

oftime.



s. In each eell, calls originate at a random position. The simulation assigns the base

station nearest to the mobile making a calI attempt to provide service using a

channel available at the base station.
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6. The caU arrives according to the Poisson distribution (Appendix Al. and the caU

duration is exponentially distributed.

For the comparison purpose, our simulated cellular network is the same as the one in

[Cbih93], which consists of 144 hexagonal cells with equal size arranged in a 12x12

grid. In order to avoid the boundary effect, the 144 cells in our simulation are organized

as a 12x12 array with wrap-around in bath dimensions. Thus. the results are

representative of an infinite system, and therefore apply to typical cells in a large

network [Chih93]. Figure 6.2 shows the layout of the simulated 144-cell cellular

network.

Figure 6.2 The Simulated 144-Cell Cellular Network Layout



Sîmilar to cuneot cellular system, the reuse constraint takes the fonn of two-cell

buffering (Chih93]. That is, cells tbat use the same channel can not he either immediate

or second-layer oeighbors. Under tbis constraint, the reuse factor would he 7 when

FCA is deployed.
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In general, the totaI number of distinct channels available in the cellular system is

typically in the range of 300-400 (Cbib93]. In our study, we carry out the simulation of

our algorithm, Simple FCA algorithm, First Available DCA algorithm and LP algoritbm

with 350 distinct channels in the cellular system, that is, for the Simple FCA system.

there are 350n=SO channels per ceU.

The simulation was started initially with no calls in the system. The time required for

stability was about 10 minutes. That means after 10 minutes, blocking probability in

the first balf hour (from 10 minutes to 40 minutes) aImost equals the one in the second

haIf hour (from 40 minutes to 70 minutes). Data were collected after stabilization for

about 30 minutes.

Blocking is defined as the ratio of new call anempts blocked to new cali attempts and

does not include channel changes or forced calI terminations at cell boundaries.

6.2.2 Unlform Traflle

In tbis section, we consider the case when ail cells in the network have the same arrivaI

rate. We simulate the performances under different traffic load, different waiting time

for a call in the waiting queue and the different average duration time of calls. In the

following subsection, we will analyze the effects resulted by different factors.

6.2.2.1 Performance under Different Trafflc Load

The Figure 6.3 shows the average cell blocking rate of Simple FCA Scheme. First

Available DCA Scheme, LP Scheme and our aIgorithm with 3 seconds waiting lime in

the queue as a fonction of traffic load per cell (callslhour) wben average duration lime

ofcaUs is 1 minute.
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Traffic: load(caJlsIhour) 5000 5500 6000 6500 7000 7500 8000

SimpleFCA 41.65% 48.08% 51.17% 55.58% 58.79% 61.08% 63.40%

First Available DCA 0.11% 3.59% 8.01% 13.87% 18.72 22.40% 26.82%

LP lÙgorilhm 0.00% 0.055% 0.37% 3.36% 7.57% 11.94% 16.59%

Our lÙgDrithm 0.00% 0.00% 0.04% 1.37% 4.81% 8.75% 14.25%

Figure 6.3 Blocking Comparison: Unifonn Traffic

From the Figure 6.3. we can see that. our algorithm gives the lowest blocking

probability under different traffic load, followed by LP Scheme. Firsl Available DCA

Scheme and the Simple FCA Scheme. Under moderate trafflc conditions (6500

callslhour). the blocking probabilities are 1.37%, 3.36%. 13.87% and 55.58%

respectively. Thal means our algorithrn with 3 seconds waiting lime can decrease about

40 times, 10 times and 2.5 times blocking rate with respect to Simple FCA Scheme.

First Available DCA Scheme and LP Scheme. From the Figure 6.3, we also can see

that. under light and moderale traffic load. our algoritbm cao decrease much more

blocking probability with respect to anotber three schemes, and under heavy traffic. our

algoritbm ooly outperfonns LP Scheme with a small decrease in blocking probability,

but it still performs much more better Iban Simple FCA Scheme and First Availab/e

DCAScheme.

8.2.2.2 Perform.nce under Different W.ltfng Tlme

In arder to show bow different waiting lime for a cali in the waiting queue affects the

performance of our algorithm, we made simulations with different waiting time from 0

second to 10 seconds when the traffic Joad per eeU is 6500 eallslhour wben average

duration lime is 1 miDute~ Figure 6.4 shows the simulated result.
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Wairing IÏml:(second) 0 1 2 3 4 5 6 7 8 9 10

Blocking probAbiJicy<~) 3.36 2.60 1.81 1.37 0.95 0.65 0.46 0.32 0.20 0.13 0.09

Figure 6.4 Blocking Comparison with Different Waiting Time

From the Figure 6.4, we cao see that the longer the waiting time, the less blocking

probability is. From 0 second to 10 seconds, the blocking probability decreases from

3.36 to 0.09, that means, with 10 seconds waiting time, the blocking rate cao decrease

about 38 times with respect to the same algorithm without waiting queue. Regarding to

the tolerance a mobile user cao have, in the Section 6.3, we fix the waiting time to he 3

seconds when the average duration time is 1 minute.

6.2.2.3 Performance under Different Average Duration Time

Traffic (in Erlang) is a measurement of how "busy" a line is during a period of

measurement. Traffic is calculated using the following fonnula [URLl2]:

TrafficOn Erlangs) = Number ofcallslhour x Average duration rime

Thus, we cao know that a large number of caUs with a short average duration time will

produce the same result as a smaJl number ofcaUs with a long average duration time.

The Figure 6.5 shows the average blocking probabilities of different algorithm under

different traffic load per ceU (callslhour) with tmee seconds waiting time for our

aIgorithm wben average duration time ofcalls is 3 minutes.

Tnaflic: load(caIIsIhour) 1800 2000 2200 2400 2600

SimpleFCA 45.88% 50.98% 55.81% 59.38% 61.70%



rant Available DCA 2.91% 8.90% 15.88% 21.68% 25.69%

lP allorithm 0.01% 0.56% 3.60% 8.78% 13.27%

Outalgorimm 0.00% 0.14% 2.61% 7.65% 12.14%
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Figure 6.5 Effect ofAverage Ouration Time: Uniform Traffic
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Comparing the Figure 6.3 to Figure 6.5. we can see that with the same blocking

probabilities. all algorithms can carry about 3 times more calis per bour with 3 minutes

average duration lime than with 1 minute average duration lime.

In order to show the effects of average duration time on the waiting time for a cali in

the waiting queue. we also simulate the performance of our algorithm with 3 minutes

average duration lime under different waiting lime from 0 second to 10 seconds when

the traffic load per cell is 2200 callslhour. The Figure 6.6 shows the result:

WlIiting timc(5CC:ond) 0 1 2 3 4 5 6 7 8 9 10

Bloc:king probability(lJ(,) 3.60 3.45 3.01 2.68 2.46 2.16 2.()9 1.88 1.75 1.51 1.43

Figure 6.6 Effect of Average Ouration Time: Different Waiting Time

From the Figure 6.6, we can see that the blocking probability decreases from 3.60 to

1.43 wben the waiting time for a calI in the waiting queue is cbanged from 0 second to

10 seconds, that means. with 10 seconds waiting time, the bloclcing rate can decrease

about 2.5 times with respect to the same algorithm without waiting queue. Compared to

the Figure 6.4, in which the blocking rale can decrease about 2.5 times with only 3

seconds waiting time with respect to the same algoritbm without waiting queue, wc can

sec tbat with the same bloclcing probability, the longer the average duration lime iSt the

longer the waiting time for a call in the waiting call should have.
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6.2.3 Tr8tflc Hot Spots
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Usually there are temporal and spatial variations in local traffic demands. The DCA

Algorithms have great advantage in these situations due to tlexibility in their channel

assignment. Various patterns of traffic hot spots may he of practical interest (Chib93].

We particularly consider the isolated bot spots such as the Giant Stadium after a ball

game (sec Figure 6.7). the diagonal higbway (sec Figure 6.8) and the expressway

acound a metropolitan area during rush hour (see Figure 6.9).

We simulate the performances oftbese three layout by using Simple FCA Scheme. First

Avai/able DCA Scheme, LP Scheme and our algorithm with 1 minute average duration

time and 3 seconds waiting time in the queue as a function of traffic load per shadow

cell (callslhour) while the traffic load in the other cells is 6200 callslhour. The Figure

6.10. Figure 6.11 and Figure 6.12 show the simulated results.

Figure 6.7 Traffic Hot Spots: Giant Stadîum
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Figure 6.8 Traffic Hot Spots: Diagonal Highway

Figure 6.9 Traffie Hot Spots: City Beltway
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Traflic load(calIsIhour) 6400 6600 7000 7800 8600 9400 11000

SimpleFCA 53.01% 53.22% 53.84% 55.08% 55.66% 56.21% 58.29%

Fint AVIIilable DCA 9.43% 10.13% 11.12% 13.07% 14.44% 15.16% 19.17%

LP:algorilhm 0.93% 1.27% 1.82% 3.41% 5.31% 6.91% 10.63%

Our :algorilhm 0.17% 0.41% 1.31% 3.05% 4.77% 6.43% 10.42%
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Figure 6.10 Blocking Probabillty for Traffic Hot Spot: Giant Stadium
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Tl'llffic load(wIslhour) 6600 7400 8600 9800 11000 12600

SimpleFCA 53.24% 54.03% 55.33% 56.42% 56.70% 58.69%

Fint Av:ùlable DCA 10.07% 11.59% 13.32% 15.40% 16.61% 19.28%

LPaJgorilhm 1.36% 2.51% 4.25% 6.75% 8.51% 11.22%

Our lligorilhm 0.35% 1.24% 2.82% 5.41% 7.53% 10.59%

Figure 6.11 Blocking Probability for Traffic Hot Spot: Diagonal Highway

Tmffic load(wlslhour) 6600 7400 8200 9000 9800 10800

SimpleFCA 53.60% 54.40% 55.49% 56.27% 57.44% 58.00%

rml Availllbie DCA 10.67% 12.30% 13.78% 15.15% 17.35% 18.99%

LPllIgorilhm 1..46% 2.90% 4.60% 6.76% 9.06% 11.21%

Ounlgoridun 0.34% 1.63% 2.92% 5.34% 7.82% 10.61%

Figure 6.12 Blocking Probability for Traffie Hot Spot: City Beltway
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From Figure 6.10, Figure 6.11 and Figure 6.12, we can see that our algorithm gives the

lowest blocking probability under various traffic bot spots layout, followed by LP

Scheme, First Available Scheme and Simple FCA Scheme. For example, in Diagonal

Highway, when the traffic load in hot spots is increased 38% (8600 callslbour), the

blocking probabilities are 2.82%, 4.25%, 13.32% and S5.33% respectively. For Giant

Stadium (Figure 6.10), Diagonal Highway (Figure 6.11) and City Beltway (Figure 6.12)

layout, our algorithm can iDcrease 78%, 103% and 74% traffic load in the bot spots

respectively with oolyabout 10% blocking probability. We can see from the given data

that, with the light and moderate increase of the trafflc load in the hot spots, our

algorithm behaves mucb more better than another three algorithm. Under the heavy

increase of traffic load in the hot spots, our algorithm ooly outperforms LP Scheme

with a small decrease in blocking probability, but it still perfonns much better than

Simple FCA Scheme and First Available DCA Scheme.

ln this chapter, we have talked about the implementation and performance of our

algorithm. In next chapter, wc will summary our work and give the recommendation

for future work.
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In this researcb. a mobile·agent-based dynamic channel allocation with waiting queue

algorithm was developed. This algorithm can give mobile users the cboice to wail for a

connection so that it improves the quality of service (QoS) in cellular network. That is.

a user can accept sorne variations with resPect to required QoS parameters.

From the viewpoint of computation and oetwork resoW'Ce, our model is based on

Mobile Agent Paradigm that bas great advantages on reducing network traffic, dealing

with vast volumes of data and dynamic adaptation. Our study uses mobile agent to

make dynamic decision and do the computation wben it is in the remote destination.

Tbus. it mlkes our algorithm more efficient and competitive with resPect to the

traditional client/sever modeL

We considered the Grassbopper mobile agent environment as our platform because il

allows user to buiJd agent-enabled distributed applications, wbich take advantage of

local bigh-speed coopuunication and local bigh-speed data access. Grassbopper is

compliant to Mobile Agent System Interoperability Facilities Specification (MASIF)

wbich is based on Java and built on top of the CORSA.

A simulation program also has been written to evaluate the performance of our

proposed algorithm. Our simulator consuts 144 hexagonal cells with 3S0 distinct

cbannels wbicb is typical channel number in the cellular system. We simulated the



performances under different traffic load, different waiting time for a caU in the waiting

queue and the different average duration time of caUs. As reference cases, we also

simulated the performances of Simple FCA Scheme, First Available DCA Scheme and

Local Packing Scheme in the same situation.
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The simulations showed that even with a few seconds waiting lime for a calI in the

waiting queue. il maintains a favorable performance over Simple FCA Scheme, Firsl

AvaUable DCA Scheme and Local Packing Scheme under uniform traffic load. The

longer the waiting time for a caU in the waiting queue, the less the blocking probability

our algorithm bas. The simulations also sbowed that with the same blocking probability

under the same traffie load, the longer the average duration time is. the longer the

waiting time should have.

From the viewpoint of practical interest. three typical patterns of traffic hot spots sucb

as Giant stadium. Diagonal higbway and City beltway were considered. Through the

simulation, we can see that our algorithm also has lowest blocking rate with resPect to

the other three algorithms especially when the system has light or moderate traffic load.

Under heavy traffic, our algorithm only outperforms LP algorithm with a small

decrease in blocking probability, but it still perfonns much more better than Simple

FCA Scheme and FiTst Available DCA Scheme.

7.2 Future Work

The following recommendations are suggested for future improvements and further

developments of our proposed algorithm:

• The algorithm could consider the priority of incoming calls. Each call bas a priority

factor, the calI with higher priority should he served fmt if two calls come

simultaneously. In the waiting queue, we could sort the calls by their priority factors

and put the cali with highest priority in the head ofqueue. This strategy can prevent

losing sorne important calls and can let some urgent caUs get connected as soon as

possible.
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• The algorithm could set dynamic waiting time instead of fixed waiting lime for

calls in the waiting queue. In this way. every mobile user can decide how long he

can wait to gel connected. This improvemcnt can offer the mobile users more

chance to state their requirement.

• In our proposed algori~ we make assumption that the set of mobiles in the

system is frozen in their positions at sorne instant of time. But practically, some

mobiles can move from one cell to anotber and any active cali needs to he allocated

a channel in the destination cell. This event, tenned the handover or hando.ft

deserves further consideration.
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The Poisson distribution govems the occurrence of random events in space or Ume. It

assumes the distribution of the intervals elapsing between two consecutive requests is

exponential. Usually the process is said ta consist of discrete events occurring (with an

exponential distribution) at a constant rate of L events/time. Then the probability of

exactly N events occurring within a lime interval t is [ULR7]:

Waiting time distributions are based on the exponential distribution. which in tum is

denved from the Poisson distribution.

Consider a problem such as the caU request in a cellular system. The number of calls

during any particular unit of tinte is govemed by the Poisson distribution with mean L

per unit lime. We will consider the distribution of time intervals between successive

caU requests and rmd the probability that there is a time-interval of length t between

successive calI requests [URL8].

We divide t ioto increments dt in [eogth such that there is a small probability p of the

occurrence of a call request during dt, q is the probability of no occurrence of a caU

request in that interval, where p+q = 1. dt is assumed small enough to make the

probability ofmore tban one caU request in dt negligible.
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The probability, denoted by dP, that there are n incremental intervals between

successive call requests is giveo by:

dP =pqn

That is n intervals with no call requests, and in the (n+J)th interval we have a call

request. So we bave:

dP = p(l_p)n

Now if there are L call requests per unit lime, the mean number of calI request in time

dt is Ldt. So using the fonnula, mean = number oftrials x the probabiliry ofsuccess at

any trial, we get:

Ldt= 1xp

This gives us dt =plL. Because we can write dt =tin. Equating expressions for dt we

have plL = tin , tbat is p = Ltln. Theo we can get:

dP =L( l-Ltln)ndt

dP/dt =L( l-Ltln)n

As n -> infinity, the expression in brackets tends to exp(-Lt). We can get:

The righthand side is the expooential distribution, and is the probability density

fonction for the interval between successive events, i.e. it is the probability that the

time intervallies between t and t+dt. The probability tbal a given interval is less than

or equal to t is given by integrating. So wc can get the cumulative distribution:
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In this section, we Iist the important classes for simulators of Simple FCA Scheme, Fist

Available DCA Scheme, LP Scheme and our proposed scheme.

1_ Simple FCA Scheme

This program is written to calculate the blocking probability of Simple FCA Scheme. It

includes class MSC. class BaseStatioD, class Call and class MyStrïng. The program

was tested using JDK 1.1.S under Unix system.

'*********************************************************************/
pacU&e CD.mcgiU.fix..ctlannal;
import jllVlLio.·;

,..--------------------------------
This is the c:onuoUing class uscd 10 calculllte the blocking probability IlSÎng Simple FCA :algorithm. In dais class. 'Ne only collcet
Ihc daœ between Swctime and EncUùnc which given by the 115er.

---------------------------------/
c:lusMSC{

sllllie inl CUI'IaILlime;
stlUie BlIICSlalionOlJ bascstalion;
sIIlIie inl bloc:t-.num=O: I/counter for blocking caUs
slllJe &nt toraLl:III=O: IIcourar for toral c:a1Is
Slalie inl SIllrLIime.End_ûme; //Ik stan lime iIIId end lime for data c:oUecting

IJTbis as the consUUClor of.class MSC mating sorne iniôalizaliOft
public MSC(iat IOIaCc:banJlum)(

bascstalion;new BaseSwion[l2)[12];
for(inl i=&J<l2;i++)

for (ml j=O"J<12;i++)
bascnldion(illJ1=new BaseSlalion(~j.lOIaCcbluuuml7): IflDitializ the Buc Sbllions

cum:n1_limII:-O;
}
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/fI'his is main clus of who'e package ofSimple FCA IlIgoridun.
public stalie void IDlIÏn(Slring aravO){

int TOIllCchanJ"am;
Suing calCcfala;;"caIJ.cW"~

i(argv.lcnph<3) (
System.ouLprintln(..Usagc: tocaCcJWUliUD. SUU1_tïme encCtime'1:
Syslem.exil( 1);1

"rad dlWl (rom keyboud
Tow_chalulum=lnteger.parsc:InI(argv[O):
SWt_rime=lnceger.paneInICargv(1))-60*100:
End_rime=InIega'.parselnl(argv(2])*6Q*100:
MSC msc=new MSC(TolaCchan_num);
uy{

FilcReadct n:ader=new FileReadertcalCdaca);
Bu(f=dReadcr bufJader= new Buff'=dRcader(rader);
Slring ln=null;
while «(ln=buCreader.n:adLine(»!=null){

I/proc:ess the data rad (rom c:alLdata file
String oRe_caJlU=MyString.splil(ln.....):
c:urmu_timc=InEqer.parselnl(ollC_caIl[O);
if (oDe_cIlII(4).cb4rAI(O)=·c') (
lIonly collcci dalll bclWeell SIllft_lime and End_lÎme

if(cutl'Cnl_ûmc>End_Ume) brait:
if(current_time>SIIlICtirnc) law_cAll++:
CllIl call=new OaII(lnrqer.pmclnt(OftC_çaJJ[1)));
basescarion[lnteger.parselnl(OftC_caJl(2)))[iniegel'.pmelnl(one_c:ali(3))).MakeNewCllIl(cali);1

else (
inl calJid=Jntep:r.parselnl(ooc_caIl[1));
basestation(1n1qet'.panclnl(onc_c:aJJ[2)[Jnlcger.pwseInUolIC_calJ(3])).ReJeueCall(c:allid);

1
II/end while

buCreadcr.c:lose();
J /fend cry

c:alch(IOExccpùon eH
Sysrem.err.prinlln(c);
Sysrem.wu 1);

1
System.ouLprindn("The black probablilY is"+<double)block_num/(double)local-c:alI·IOO.O);

1
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,.-----------------------------------
This clllSS is uscd to calculAIC the bloc:lting probability of Simple FCA Scbeme. Il includes MDlteNewOaJl(CalI).
AlIoc:ateNewCluumefO. FmdNewChanneJO. TUeNewCaU(Calfjnt) :and ReleascCaJl(int) methods.

-----------------------------------_./
class BaseSWion{

int id.mlurix-.x. mauix....Y; channal_Dum: I/œlI number and c:hanne1 numbct
CaII0 channaCslalUS;

IIc:onstnICIotofclus BlIICSration 10 do SOlDe inirializalion
public:- BueSbdion(inl x. inl y, inl cJuannaCnum)(
~;

1IIIIrix-FY:
id: xelOO+y:
Ihis.channaCnum=channaCnum:
c:bannaJJQbIS=IICW CaU[c:JunaCnuml:

1J11ûs metbod is U5Cd 10 aUoc:ab: DCW chanDello tœ bue station.
inl AlIOCIICNewCbannaI(){

(or(inl i=O:i<channalJ'um:i++){
if(cbaDnalJUdUS[i) = oum{

rctunl i: Il IfltIeœeDst c:IIanncl retunllbe cblIancI oumbcr.
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1
retUm ·1; 1I0therwise. retum -1

IJThis rœthod is used 10 c:alculale che blocking number for the caUs.
void MakeNewCall<Cal1 c:al1){

mt ncwc:hanna1=FmdNcwCbannaI();
if(newchannaJ=-1)(

if(MSC.c:unenuimoMSC.SwUimc)
MSC.bloc:k_num++;

retum;
)

TakcNewCalltcaU. newduannai);

IfThis mcthod is used ta decidc ifa cmpt)' chlUUlCl c:an be found
iDt FindNcwChannaJ(){

for (int i=O;i< channal_num:i++)(
if( c:hannalJtatus[i]=null)

n:rum i; l/if found. rcsum the chlUllld numbcr
t

n:lum -1; 1I01herwisc. relum -1

l(This mclhod shows how 10 take IL new cali
void TakeNewCaU(CaU cali. int newchannaJ)(

c:hannaJJUllus(newchannall=c:all:

1!This mcthod shows the procedure Ilow 10 releue Il c::ill
void RclcascCall(inl c::aUid)(

forCinl i=O;i<c:haruulCnum;i++){
if<duUlIlICst1tus[i]!=null tUt c:hannaCsu1tus[i).c:allid=c:aUid)

channalJwus[i]=nuU;
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1*------------------------------------
This class dcfines Il abject can. wllic:h only COIltains o~ pu:unecer c:aUid.

------------------------------------'-,
c:1ass CaIl{

inl c:aJlid;
public CaUtinl c:dlid)(

dlis.callid=callid;1

1*------------------------------------
This clus is uscd to do me s1ring processing. Il analyze lhe slriog rad from file c:all.dAt and CXInc:t Ihc com:sponding variable
such as Start_ti.Jœ.. En'Uime. c:allid. ce1l numbcr and call's property(relcascd or DEW calI).

------------------------------------'-,
c:fass MySlrinlt

Itrhis mcthoct SplilS a slring ÏIUO an amy ofstrings. and raum iL
public: swic: StriDlD splil(Slring suin,. String delimiar)(

int indaf=O:
inl indesb=O;
S1rinJ=SU'ÜII.trimo;
inl c:ount= split_num(suing_ ddimiar);
SttïngO out=ncw Slrinc(c:ount);
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int len=ddimiar.lcngth(};
foninl i=O;i<counl;i++)(

indexb=sUing.indexOf(de1imiarjndexf);
i((indcxb=-l)

indexb=suing.length();
oUI(i]=suing.subsuing(indcxf. indexb);
indexf=indexb+Im;

J
retumoul;

l!l'his method is used co calculate the number of fields and retum il.
public swic: inE splilJlum(Suing suing. String delimiar){

inE indexf. indexb;
inl coune::1;
indexf=indexb=O;
inElen=delimiar.Jengûl();
while«indexb=suing.indcxO((dclimiAr.indexf))!~1 )(

counl++;
indexf=indcxb+len;

J
relum c:ounl++;

2. Flrst Avallable DCA Scheme
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This program is written to calcuJate the blocking probability of First Available DCA

Scheme. It includes class MSC, class BaseStation, class CaU and class MyStrîng.

Among them, class Cali and class MyStrîng are the same as the ones in Simple FCA

Scheme. Thus, wc don't list these two class here. The program was tested using IDK

1.1.5 under Unix system.

/*********************************************************************/
package c:a..mc:Bill.pUR:_dyn;
impon javu.io.-;

,.---------------------------------
This is the amtroUing c:1ass uscd ta c:alcufate the blocking probability using Fint Available DCA II1gorilhm. ln this c:bass. 'ft only
collect me data bclWCCn SlarLbmc _ EmLùmc whic:b BiveR by the user.

---------------------------------.,
c:1lISs MSC(

swie: inl c:urrmt_bme;
staûe: BascStldionOO bueswion:
staÛe: inl Stalt.Jirœ. End_time: lira cloclt for~ data coUccting
swic: inE totaLcall=O. broc:kJuun=O:

IfThis is the consDUClotofdie MSC cIass. damg SOIDC inilializalioo
public: MSC(int lOCaLc:han..num){

bascstation=ncw BaseSration[12J[12]:
for (inl i=&j<l2:i++)
ror(m~<I2;j++)

bucstalion[i)[J1=ncw BucSwion(i.j.locaCcUnJUllD);
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for (int i=O:i<l2:i++)
for (inl j=O;j<l2;j++)

basesrahon(ilCJ1.1niIiAlO; IliniliaJizc the Base SlalÏons
currcnt_timc=O;

IfThis is the mlÙn class of the whole l*kaF ofFini AvaiJabIe DCA algorithm
public: slalÏc: void main(Suing argvQH

inl TomCchan-num:
String c:aICdArA="caU.dat";
i((argv.length<3) (

Sysaem.ouLprinllnC"Usage: lomCchan_num 5WLrime en«Climej;
System.exilC 1);

J
1Ir=d channel number. Sian lime and end lime tiom keyboard
ToraCchln-num=lnteger.paneInICargv(O);
SIarI_time=lnleger.panefnICargv(1»-60·100;
End_rime=lnaqer.paneInICargv[2J)-6Q·100;
MSC msc:=ncw MSC(ToaaCc:han_num);
try(

FiteReader readc:r=new FileReader(c:alCdAIa):
BufferedReader buCmadef= new BufferaiReader(reader};
String In::null;
white c(ln=buf.ftQder.radLine(»!=null){

String one_c:alIO=MySlfing.splïl(ln.....);
cuneRLtimc=lnleger.puselnt(ORe_caU[O);
if (ofte_caIl(4].charAr(O)=·c') (

if<C:UrRnt_hme>EncCrime) break;
if(cumnuime>SlaII-rime) toraCcall++:
CaU catl=nc:w ClIIClntqet.parselnt<ofte_call[ II»:
lIaccording ra lhe dam ro decide malte a MW cali or release Il cali
bll5CSmtion[lnteger.parsclnt(0De_caII[2])J[Inlep!r.parselnuolle_c:alI[3])).MakeNewCall(cull);

J
cise (

int c:allid=lnlegcr.panclnl(olle_caIl[1»;
basesmlion[lnteger.panelnl(ORC_caII(2))(lnregcr.parsclntCOfte_caIl(3]»).Releasc:CaJl(callid);

J
J "end while

buCreadcr.close();
)

catc:h(10Exccption eH
SYSIem.err.printlnCc};
System.exil( 1):

)
System.ouLprintlnC1'he black probablicy is -+(double)block_RwnI(double)lotal_c:aII-IOO.O);
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,------------------------------------
This c:1ass is used to c:aJc:u11lle the blockinc probabilicy of Fint Available DCA Sc:hcm:. II inc:luclcs lnirill1(). MakcNcwOa11(QaI1).
G:tChannelO. FindNc:wChannelO. T_NewOal1(CalUnt) and ReIeaseCaIl(inl) methods.

-----------------------------------_.(
clus BaseSratiOll(

int neiPbcr[]O=ncw inl[6J(2];
BaseSwion bascstationO=new BueSlAtion(6);
inllDlWÏXJ.lIUlIrix-Y;
inl channaLnum;
CallO cbannaCstalUS;

flconstnH:1or' ofdus BaseSration. maD sorne: initialization
public: BascStalion(int x. inl y. inl c1IanJIlIUum)(

matIilu=x;
1IIIUrix~
rbis.c:bluuIlI1J1um=chaaMI_num;
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channaCswus=ncw CalI[channal..num);

1!This mcthod dccidcs the ncighbors ofce1l i
void Initial()(

if«IIIlIIrix-Jt'll2)=1)(
bascslation[O)= MSC.bascswion[IIIIdrix-'tJ((IIIDttÎX..,y+12-1)'lJ12);
basesration[11= MSC.bueswion[IDIIrix-xJ((marrlx-Y+12+1)'II12);
basestation(2)= MSC.basestation[(IIIlllrix-Jt+12-1)"12)[(malrix..,y+12-1)"12);
bascsration[3)= MSC.basestation[(maIrix..x+12-1)"12)[malrix-Yl:
bDSCSration[4)= MSC.buestauon[(IIIlllrix..x+12+1 )'II12)[(nuurix-y+12-1 )"12);
bascsration[S]= MSC.bllSCStation[(maIrix..x+12+1 )'II12)[maIrix-y);

1
c:lsct

bascsration[O)= MSC.basatation[malrix-'t]((mattîx-Y+12-1)'IJ12};
bascstaùon[11= MSC.basestation[marrix..xJ((malrix-y+12+1)"12);
basestation[2)= MSC.basestation[(maIrix..x+12-1 )"12)[(1IIAtrix..,y+12+1)'*12);
basesration[3)= MSC.buestation[(maIrix..x+12-1 )"12)[IIIAtrix-yJ:
basesration[4)= MSC.bascstarlon[(malrix..x+12+1)'IIll)[(malrix-y+12+1)'IIll];
bascsration[S}= MSC.basestation[(IIUllriJt..x+12+1)'II12)[malrix-y);

IlThis method is uscd 10 fand a chDnnc:l for the cali by First Available DCA Algorilhm
inl FindNewChannaI()(

CalI neighbc:r_ctuumal[m=new CI11(6)[clumnaCnum):
fortinl i=O:i<6;i++)

nc:ighbc:r_channal[i]=basestarion[i).G:tChannal();
fortinl i=O:i<clulnnaCnum:i++)(

if<channaCsmlus[i) = null)(
inlj;
for(j=O:j<6:j++)

i«neighbc:r3hannal[j)[i] != null) break;
if(j=6) reNm i; /lif3channel is (ound. n:lum me channel numbc:r

1
refum -1; lIothetwise.. rewm -1

Ifl'his mclhod is usc:d 10 serve a new CllIIllRd c:alc:ulare lhe bloc:king numbc:r of c:alls
void MllkeNewCall(OùI c:all)(

inl newc:Iuumal=FindNcwChAnnalO:
if(ncwc:hannal=-I) (

iftMSC.c:urrcnuimoMSC.Stan_time) MSC.bloc:k..num++:
rclUm;

1
TlIbNewCall(c:alI. newclwmaJ);

l/This mcthod is usc:d 10 UpdalC lhc ACQ bible lifter Raking a cali.
void TllkeNewCaII(CalI calI. int DCWChannal)(

channaCsllllUS[newc:hannal)=caIl:

Il'Ibis metbod is usc:d lU do die~we for reJcuing a c:aIl
void ReIcascCaU(inl c::aUid){

far(ïnl i=O;i<challllaCnumâ++)(
if(c:bannalJtatus[i]!=n1l1l &&t c:hannal_swus[i].ca1Iid=caUid>

cbanaalJwus[i}=nuU:

l/This melhod is a abject 10 l'CIUnllhe chanad stalUS

CalIO QeIChannaIO{
rcnam cbaDDalJtdUS: •

)
1
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This program is written to calculate the blocking probability of Local Packing Scheme.

It includes class MSC, class BaseStation, class Call and class MyString. Among them.

class CalI and class MyString are the same as the ones in Simple FCA Scheme. Thus,

we don't list these two classes bere. The program was tested using JDK L.1.5 under

Unix system.

/*********************************************************************/
padmgc ca.megiU.dyn_with_reorg;
impon jllva.io.a;

,.-----------------------------------
This is the conttoUing elass used to caleullite the bloc:king probobiUry using LP IlIgorithm. In Ibis c:lass. WC only c:oll«t the dAca
between Stan_rime lII1d End_lime whieh given by me user.
____________________________________a'

clllSS MSC{
starie int eum:nuime;
scarie BllSeStlltion[)[} bascstllrion;
stalic int bloc:k_num=O; /lcounler for bloc:king calfs
stArie int tow_e:1lI1=O; /lcounler for tow caUs
stalie: int Slaft_rime.End_time: IISCllhe StAn rime 3Jld end ume for daca coUcering

Itrhis is the coftStrUetor of e:1ass MSC. mûe sorne initil1limtion
public MSC(inllow_e:Iwt_num){

biISCSlAlion=new BascSmrion{ 12][12]:
for (inl i=O:i<12;i++)

for (int j=O;j<12;j++)
basestlltion[i][j]=new BaseStation(i. j. low_chllft_num);

for (int i=O:i<12;i++) for (inl j=O:j<12:j++)
bllSCStltion[ij(j].lnirio1(); cum:nClimc=O:

llmain c:1Ilss of the whole package of LP schemc:
public starie: void main(String argv[]){

inl TotaLe:hIln_num;
String ClllI_dIlra="c:olldat";
itlqv.length<3) (

Sysccm.outprintln("Usage: java ca.mcgilldyn_withJCOfB.MSC low_e:luuutum sbUt_lime end_lime'};
Sysccm.uit(1);

)
llretd channel numbcr •Iran rime and end lime from the keybœrd
TotaCe:ban_num=lntcp:r.parselnt(IqV[O);
StarLlimc=lnrqer.pmelnl(UI\'[1))-60*.00;
EncCrirne=lnleFr.panclnt(III'JY[2])-60*100;

MSC msc=ncw MSC(TotaCcbarLnum);
tty{

FdcRcadcrJadc:r=ncw FiJcRcada(caICdata);
BufferedRcadcrbufJadcr= ncw BuffercdRcadcr(rcader);
Suingln=null;
wbile (ln=bufJQdcr.readLincO)!=nuJl){

SUïng OIIe_calID=MyString.split<1n.....);
CUIIalLIirne=lnrcpr.panefnl(OIIt_c:aU[O));



•
Appendix B Source Codes

IIrt:lJIJ dAIa from file caJl.dat tD decide to makc Il new cali Dr relcue Il cali
if (Olle_caU[4].c:harAt(O)='c') (

if(c:unenctime>EncCtime) bn:ak;
ifCc:unenctimc>Stan_time) tDlaCcall++~

Cali c:all=new CalI(lnleJer.parselnt(oneSall[l]))~

buestation[lnlegcr.parscInUOl1C_caII[2Dl
[lnœger.parsefnt(0ftC_c:all[3D].
MakeNewCalJ(ca1l};

}
else (

int allid=lnœger.parselnt(oDC_call[1»;
bascsratiDn[lnteger.parselnttone_caII(2»1
(lnlcger.parselnt(0IlCSIlII[3) 1.
ReleaseCalt(allid);

}
) lIend while
buCreader.close();
}

catc:h(lOExc:cption eH
S)'SIem.crr.printJn(e)~

S)'SICm.exit( 1);
}
SYSlcmLOUl.println("1be black probablity as "+(double)block_numl(doublc)tDtlLcall·lOO.O)~
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/._--------------------------------------
This cJ:ass is used 10 calc:ul:ue the blocking probmbililY of Local P:u:king Sc:he~. lt inc:ludcs lnitUalO. MllkeNcwCalUCalI).
CÀ:IClumneIO. FindNcwChannelO. IsRcorpniz;ableO. Swilch_channcICint.int). TllkeNcwC.alI(CalI.inU and Rc:leaseCallhnU
mcthods.

dus BlLSCStlliDn(
BascSllItion basesuuionO=ncw BaseStation{6J:
Cali ncighbecchann.alOU=nc:w CalJ[6](]~

int matrix-.X. matrix-y: int channaLnum~
CallO clumnaLsllItus:

Iffhis is the constrUetor ofdus B:aseStation. making sorne inilializalion
public: BaseStation(int x. int y. int c:hannaCnum){

nUalrix_x;:x;
malrix-y=y;
this.channaCnum=chllnnaJ_nwn;
c:hannal_Stalus=ncw Call[c:hannaCnuml;

/fThis method is uscd ID initi:lliza: lhe neighbor of œil i
void InitialO{

if(I1lllIrix-X~2)= 1)(
baseswion[OJ= MSC.bucstation[mall'iX-ltJ[(mattixJ+12-1}CJ& 12];
basestDtion[I)= MSC.bascsbllion[malIÙUtJ[(~12+1)'II12]~

bascstalion[2)=MSC.bascstalion[(mab'ix_ll+12-1)~121[(nuatlÙt_Y+12-1)'512];

basestalion[3)= MSC.bUCSllltion[(DIIUrix-x+12-1>'lI121[mauix-yJ;
bascstdion[4)= MSC.basesbllion[(mauix-x+12+I)'lJ12J[(nuatlÙt-y+J2-l)CJ&12);
bascslalion[S)= MSC.bascsbllion[(mAtrix-x+12+1 )'512J(mauix-y);

}
eJsc{

bascstation[O}= MSC.bascsbalion(IDDIrixJ]((mauix..)'+12-l)'II12);
buesIaliOll(I}= MSC.bucstalion[malrilt-X]((1IIDIrix..)'+12+I)'II[2];
bascstation[2]= MSC.balcstuion[(IIIlIIrix_ll+12-1 )'IJ12J[(mauix-y+12+1)'IJ12];
bucswiOll[3]= MSCbasestaliOll[(IIIldIÏllJ+12-1)CJ612][mauix-Yl;
batcsmlion(4]= MSC.bucslalion[(IIIlIIrix_ll+12+[)'IJ12][(mauix-y+12+1)'IJ12};
basestaliOD[5}= MSC.basataliOll[(mauix-x+12+1)'IJ1 2J(mauix..,yJ;
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Il'Ibis melbod is uscd 10 decide if an cmpty cbannd am be round
inl FindNewChlUUUll()(

foninl i=O:i<6:i++)
neigbber_channal[i]=basawion(iJ.G:tChlannalO:

fonint i=O;i<cllannat.num:i++)(
if<channat.swus[i) = null)(

Înlj;
for(j=O:j<6:j++)

i((peighber_channaJ(jJ[i) != null) blak;
if0=6) n:tum i; llif find an empty channeJ. mura the channel number

}
mum -1; 1J01herwisc. n:tum -1

l!This method is uscd to decide ir Il ctwmcl c:an be found by n:organization using LP a1gorithm
int IsReorganizableo(

for (int i=O;i<c:tulnnat.num:i++)(
ifCchannaJJtatus[il=null)(

intj;
int c:andadate_basesmtion::O;
int k::O;

llfind me c:olumn which only bas one check mark in the ACQ lIIble
for(j=O;j<6:j++){

if(nei&ftbcr_c:hanlUl1(j][i)!=nulJ) (
c:andadalc_baseswion=j;
k++;

l
if(bl) break:

)
if0=6 &&t k<2)(

int empty-channal=basesration[candadAlc_basesl:llion).FindNewChannIlIC);
if(empty_chanrul1!=-IH /lifthe n:sponding ccU has cmpty channeL swilch the chwmel

bucsllllion[candad4lc_bll5CSllltion).Swïtch_Channalci.cmplY_ch:anmlI);
n:tum i: lIn:tum the duumcJ numbcr i

)
n:1Um -1; lfi( c:annOI n:orpnizable. fCllim -1

l/This method is uscd to do the proc:edUR: of CAllassignmenl lUId Cllculale the blocking numbcroCcalls
void MakeNcwCallCCalI call)(

int newc:hannaJ=FindNcwCbannaI();
if(newchannaJ=-1 )(

int n:orpnz-ctuuuuaJ=IsReorpniZDbIe();
i((reofIIUIZ-ChaIllUl1!:.l){

TùeNe:wCaIICc:aIl. n:orpnz.-chlllUUll);
n:tum;

)
if(MSC.Curmll_timc>MSC.SrarCtimc)

MSC.block..num++;
n:lum;

J
TakcNewCaIICcaII. aewc:hannal):

Il'This lDCIhod is uscd 10 updale the ACO table aftcr lIlke a new cali
void TùcNcwCaII(CaII c:aa ml newc:bannaI){

c:hannaIJIaIUS[ncwdIannal)=c:aII;

Il'This mcdIod is uscd ID swildl.. c:banacl ifIhe cbanad CUl be leCXpIIÏZI:d
void Swï1Cb_CbannaI(ïnt &om. ÎRI (0)(

channaLsbllUS(to]=dlannalJ1alUS[from);

•
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channalJtaIUS[from]=null;

1!This mabod is uscd 10 do die proœduœ ofrdasing Il call
void RelcaseCaU(inl c:allid){

(or(ine i=O:i<cluumal_num:i++){
ircc:hannafJlalus[i] !=null ü cbannaI_5WUS[i).calIid=c:alJid>

c:bannalJlIllUS[i)=null;

IfI'his method is uscd 10 relUm die SlIfUS ofchannel
Call[) GctChannlll()(

relum ctuannaC$wus~

}

4. Our Proposed Scheme
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This program is written to calcuJate the blocking probability of our proposed scheme. It

includes class MSC. class BaseStaùon. class WaitingCall. class WaitingQueue. class

CalI and class MySttîng. Among them. class Cali and class My5tring are the same as

the ones in Simple FCA Scheme. Thus. we don't list these two classes here. The

program was tested using JDK 1.1.5 under Unix system.

/*********************************************************************/

package c:a.mc:gilldyn_wilh~rpndqucuc;

impon jllVD.io.·;

,.-----------------------------------
This is the c:onuoUing c:1ass used 10 ClIc:ulllle lhe blocking probabiliry using our proposed :a.lgorithm. ln lhis c:1lW. wc only collccl
che daI4 belWa:n Stan_cime :and End_lime whic:h giV(D by the user. And waiting lime of ôl c::all in the waiting queue is also givm
by U5Cr.

----------------------------------_.,
diWMSC(

Slatie: int c:urrat~time;
starie: BascSlIltion[][] blsesllllion;
sllllic: WllitinlQucuc waitinsqueue; Ihbe abjecl of wailing queue
statie: int bloclLnum=O; IIc:ounrcr (or blocking c:alls
static: int IOIllCcaU=O; lIe:ounler for total c:aUs
swic: int SbIft_rime.EncUime; Il. the sran lime and end lime for daf4 c:ollccring
starie: int ipore_num=O: IIcounœr ofcaUs whase dunuion lime is fcss Ihan wailing lime
sllllie: int wailinLIime; l/wairing lime fOf Il c::a.IJ in the wailing queue

l/This is the c:onsUUc:lOf ofclass Msc. doing SOIllC' inilializaljon
public: MSC(inllOlaLe:han_num){

bascsralion=new BaseSwion(11l(11];
wailinlqucuc=new WailinlQucucO;

for(inl i=O-.i<l2;i++)
for (ine j=O"J<12:j++)

bascsralion(i)[j}=new BascSlation(i. j. lotal_chan_num);
fOf(int i=O;i<l2;i++) (or (intj=O:j<l1:j++)

bascsralion[i)(Jl.lnilialO; c:umnLtime=O:
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Itrhis is the main c:lass of die wholc package ofour proposcd aiBOrithm
publie: starie: void maun(Slring argv[))(

in. TOIa.Lc:hlInJlwn;
String caICdam-"c:a1l.dat";
if(ugv.lenllh<4) (
Sysœm.outprinlln(MUsage: IOIa.Lc:han_nwn slDft-limc encUimc waitin&-limc");
Sysœm.wl( 1);

llread c:hmmel number. sran time. end lime lUId waiting lime from the keyboard
Total_c:han_num=lnlqCr.parselnl(ugv[O»;
Swt_cime=:lnteger.puselnl(argv[ln*6Q*lOO:
End_ume=lnœger.parselnc(argv[2})*60*IOO:
waitin~Iime::lnleFf·parselnl(argv[3»·IOO;

MSC msc=new MSC(TolaCe:han_num):
U)'{

FileReAder reader=ncw FileReader(CDlCdal8);
BuffercdReader buCreader= ncw BuffemiReadcr(rader);
String In--null:
1In:wJ da14 Crom liIe c:a1Ldal. onJy processing da14 beIwecn sian lime 3Rd end ime
while Uln=buf..rcader.rcadLinc(»!=nuU){

Scring Ofte_callO=MyString.splil(ln." ..);
cumnLIimc=lnœget.panelnl(ODC_c:a1I[O);
lldecide if il is Il MW ca1l or Il released c:a11
if (oRC_call[4}.charAC(O>=·c·) (

if(c:urtenLlimoEncCrime) break:
if(cunenuimc>Swcrime) IOIIlLall++:
Cilii c:all=new CallUnlqcr.parselnl(oDC_c:alI[1»);
boscsl8lion[lnœger.parsc:lnc(oDe_c:alJ[2))][lnteger.parselnltODC_c:al1(3J)J.MllkcNcwCalUC4lII);

J
cIse (

inl c::illid=lnœgcr.pmclnc(onc_c:a1I[ I}):
basc:stuion[lncegcr.puselnl(One_call[2»][lnlqer.panclnl(Onc_all[31)J.Rel~l(c:allid);

J
l lIend whilc
buf..madcr.c:loseo;

J lIend Ir)'
c:uchUO&c:eprion cH

SYSlem.err.prindn(c);
Syslem..:xil( 1);

}
SYSlem.outprintln("Thc black probablity is ··+<doublc)block_numl(doublc)IOtlLC4lIl*IO()'O);

J
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r'------------------------------------
This eu is used 10 aalc:ulalc the bloc:king probabiüty of our proposai sc:hcme. Il includes lnililllo. MllkcNcwCall(CllIl).
aelCbannclO. FindNewChannclO. TakeNcwOaIUCalUnl) and ReleascCall(inl) methods.

-------------------------------------,./
class BascSWion(

BaseSbltion bAsc:swion[]=ncw BlIICSlDtion[6];
Cali nci&bber_cbannal[][]=ncw CalI[6][]:
WaitinsQucue wailinlClueue;
int 1IllIIrix-.x.1DIItrix..y;
inl cbaanal.num;
CalIO channaLslaIus;

II1"his is the c:onsUUdororclllSl BascSlation.lDlIkinl SOlDe initializaliOll
public BueSwion(int~ int y. inl cbannaLlllUD){

1IIllIrix.p=x;
mauix...y=y;
rhis.daaDIIal.JIum=cbannal-l'um:
channalJtalUS=fteW CalI(c:bannalJlum);
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lmus medIod is used 10 initial die neighbor ofcell i
void lnitial(){

waitingqueue=MSC.waitingqueue~

it'(ma1rÎXJ,;&2)=l) (
basesracion[O)= MSC.buestation[maIrix~)((mattix-y+ 12-n"12);
bucstation( 1)= MSC.bllSCStation(rnaIrix.Jt](mattix-y+12+1),.12J;
bucslation(2)=MSC.basesration(nwrix~+12-1)~12Il<mauix.,y+12·1)~12];

basestalion(3)=MSC.bllSCSraùon[(~+12-1)~12)[mAlrix-yJ:

buestation(4)= MSC.bllSCStation[(~+12+1)~12}((malrix.,y+12-1)'iJ12);

basesration[S]= MSC.bllSCSrarion[(matrix..x+12+l)~ 12Umattix-yl;

•eJse(
basestabon[OI= MSC.bucsrarion(matrix..x)(maIrÏJt-y+12-1)'IJ12];
bascsbllÎon[IJ= MSC.basestation[malrix..xJ((nwrix-y+12+1)'lJ121;
basestnrion[21= MSC.basesrarion[(rnatrix..lt+12·1)~ 12J(mattix-y+12+1)'IJ (2);
basestalion[31= MSC.bllSCSrarion[(maIrix..x+12-1)'lt12}[mattix-y1;
basesullion(4)= MSC.basestation[(malrix-lt+12+1)'f,12)[(mattix.,y+12+1 )'il12);
bllSCStabon[S]= MSC.basestation[(I1UlIrix-lt+12+1)"J2J(mattix-y);

IfThis mcthod is usc:d ID decide if an c:mply duumcl c:an be round
inl FindNc:wChannal(){

fonint i=O~i<6:i++)

neighbcr_clumnaJ[i]=bllSCSlDlion[i).GelChAnnll1();
fonint i=O:i<eluuuuaCnum:i++)(

if (chanœCsullus[i) = nuDH
intj;
for(j=O:j<6:j++)

if(neighbc:r_chlUUUll[j]{i) != nu1l) break:
ifCj==6) rc:tum i: //if find an emply c:h4nncI. rc:lum the ch:mnel number

•retum -1; lIolherwise. rc:lum -1

IfThis mc:thod is used la dccide if a channel c:an bc: round by reorpnïZlUion in ACQ t:able
intlsRc:orpniznble<){

for (inl i=O:i<channal_Rum:i++J{
i(channaCsmtus(i)=null)(

inlj:
ml c:andadatc_bascslDlion=O:
inl k=O;
for(j=O:j<6:j++)(

if(neighbcr_channalüJ(i}!=nuU) (
c:andadalc_bascsbllÏon=j:
k++:

)
if(k>1) break;

J
iRj=6 Ü k<2)(

inl c:mply_dIannal=bllSCSUUion[c:andDdaIe_bucswion).FindNewChannal();
iRcmpI)'_channal!:.1 )(

bucslation[c:udadate_bascstUionJ.SwilCh_Cbannal(i.emply_c:bannaJ);
œtum i; llif 6nd chllnncl then retum the c:hanncl numbcr

})II_ for

rebIIll-l: II~rcnam ·1

Itrhis mcthod is uscd la do the pmceduœofClIIl _pillait lI5Îftg ourpropolCd afpthm
void MakeNcwCalJ(Call adJ){

inl œwcbannal=FindNcwCbaaalIIO;
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if(newcbannal=-l )(
ine rœrpœ..cbanna1::IsReorpnïmble();
if(reorpnz..channa1!::.1 )(

TakeNewCall(c:all reorsanz-channal);
mum;

}
l/if no channelllvllÎlable. then pue ie inlo WlIiling queue
wailingqucue..Enqucue(ncw WlIÏtingCaU(maIrix~lrix-y.MSC.aurenuime. calLcallid»~

n:tum;

t
TakeNewCall(caJl. newcbannal); l/if thcre is an empcy IlwiJable. cake rhc: new caU

}

l/This memod is uscd to update the ACO cable aller takJng Il new caU
void TakeNewCaJl(CaJl cali. in! ncwchannal){

channaCSCll!us[ncwehanna1J=caJI;

IlThis mechod is used to SMICh me channel if n:orpnization occ:urs
void Switch3:1uanna1(int (rom. in! to)(

cfumnaCsliuus[IOl::chlllUu:aCslDws[froml;
channaCstuus(from)::null;

IlThis meehod is used to do lhe caU n:ICIlSing procedure
void ReleaseCaJl(int c:aJlid){

if(wllÏtingqueue.Chec:kReleaseCall(c:aJlid)
n:lUm;

int i:
forti::O;i<clumnaJ_num:i++)(

i«chaIllUlCs!:uus[il!=null "A channaCstatus{i).ca1lid=::caJlid){
chllnnaLswus(i]=null;
break:

}
if(i<channaCnum)

wnitingqueuc.ChcckW:aitingCml(m:urix_x.nuatrix-yJ);

IlThis is the objcct which contains the channel 5Uleus
CmlD GetChannaJO(

relum channaLstDws;

94

•

,.--------------------------------------
This c:1ass is used 10 kcep rhc: identificalion ofa woiting c:aJ1. le includes rhc: ccII number which Ihc waïling c:aJ1 cames from. the
callid and the lime whic:h mis cali have aJre:ady wied

------------------------------------- .,
dus WaitinJCall{

inl source_x. source..)";
inE souR:C_lime:
inE soUI'CC_c:allid:

l!This is the consttuetororclass WaitingCaJl. which doing some inilializarion
Waitin&Oill(int UnI y,mt time. ina callid)(

soun:e_x:=x;
SOUR:C-Y=)';

SOUR:C_tirne=:time:

SOUrtC_c:aJlid=callid:
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This c1l1SS is used ro desc:ribc the objecl Waiting Queue. Il includes Enqucue(WailingCM1). CheckWaitingCall(inl. inr. in!).
ChcckReaIseCall(inl) and IsNeighbertinr. inL inl. inl) methods.

--------------------------------------_./
impon jllVLUtil.-;

clllSS WaitingQucue(
Veclor WllÏtingqucue;
inl waitingtime=MSC.w:litinl-rime;

IlThù i$ the c:onslructor of clau WaitingQucue. making sorne: initialization
public WaitingQucucc){
wailingqueue=new Vector();
1

//This mcthod is used to add lb: cali wimoul channel in lhe waiting queue
void EnqueuetWaitingCall wairingal11){

WllÏlangqueue.lIddElcmenl(WDilinpll);

IfThis mcthod is used la check if th&: channel relcased ClUl bc assigncd ta lhe ail in the WllÏting queuc.
void ChcckWaitingCalJeint matrix-.X., inr matrix-y. int freechlUlllA1){

ir(wailingqueue.isEmpry(» R:lum; /faf the queue is empty. men doonot nccd check
Enumeration waitingilem =waitingqueue.elements();

/luse channel release procedure ofour proposed algoridun 10 assign the ctuannel
whiletwaitingilem.hasMoreElemenlS(»(

WlÜtingCall item: (WlÜtingCall) waitingitem.nextElemcnt();
int x=ilcm.sourte_X;
int y=itcm.SOUrte-y:
if(mDuu~=x Ü matrix-y=y)( /lif the waiting ClIlI mlso comes (rom cell Lassign lhe chaMel 10 il direcdy

MSC.basestlition[x][yl.TlIkeNcwCaiUnew CllII(Ïlem.sourcc_allid). fn:cchllllnal);
wailingqueuc.removeElcmenlCitcm);
retum;

}
llif Wlliting cali is (rom the interf'ering ecU o(ccli l. check if it cm bc reorpnized
ir(IsNeighbcrtmatrix_lt. matrix-y. x. y)){

ant ctuannll1=MSC.bllSCStalÏon[xJ(y).FindNewClmnnal();
if(cluuuuai!=·I )(

MSC.bllSeStllbon[x)[y].TllkeNewCall(new Ca11(irem.sourœ_c;aUid).c:hlllUlal);
WDitingqucue.removeElcment<ilcm);
retum;

t
cise (

ine reo~ch4nnal=MSC.bllSCStaeion{xl[yJ.IsReorpniZllblc();

mreorpnz..channDl~ l){
MSC.buesralÏon(x)lY].TakeNc:wCallCncw Call(ilCnLSOurcc_cW1id). reotglUlZ..ctuannal)~
wailingqucuc..removeEIemcnl(ilCm);
retum;

J
}lIendclse

JI/endif
lI/end while

retum;

/1'Ibis mcthod is uscd ta check the waiting queue: wta a caIl is relascd
boolclln ChcckReIellscCaIl(iDl caUid) (

boolcan. retum_VlIluc-fll1sc:.
if(WlIiMIIlucue.isEmpty(» reIUm fiaIse;
Enumeration waitinlÎœm:: _1in1Clucue..eJcmcnU()~
while<waitinliœm.bllsMoreEIcmcnU()(

Waitin&Call ilCm= (Wllitin&CaJl) wailinprcm.ncxtElcmcmO;
l/ifme waitinl time isexp_ dICD Ibis cali is blockcd
if(MSC.cuneatJig.itellLSCJUlœ_timcpwailinpime)(
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waitingqueue.removcEJemenUilem);
if(MSC.cunenctimc>MSC.Sran..time)

MSC.block_nQm++~

waitingilcm=waitingqucuc.clements();
continue;

J
i((c:aUid=ircm.sowce_c:allid)(

waitingqueue.removeElemau(ilcm);
retum_value=true;
llifthe call's dunuion time is Icss ahan Wlliting time. Ülis caU is ignorcd
iflMSC.currcnt_time>MSC.SWt_time}(

MSc.ignore_num++;
MSC.lolaCcaIl-;

1
t lIend while

retum rerum_value~

IIThis method is uscd ta decide if the WllÏting cali is from the inwfering œil of œil i
boolean IsNeighber(int rnalrÏX_lt. int matrix-y. int x. inl y){

iflmatriltj~2=1)
if(matrix_x=xÜ(matrix-y+12.1),.I2=y)lI(matrix_lt=x&&(matrix-y+12+1),.12=y)U

«lDIltrix_ll+12-1)~12==x&&:(matrix-y+12·1)CJtl2=y)U«m:wix_ll+12-1)~I2=x&"tmalrix-Y=ynll

((lDIltriXj+12+1)~12=lt&&(matrix-y+12-1)"12=y)U((nwrix-x+12+1),.12=x&&matrix-y=y))
relum trUe;

cise irt(lDIltriXj=X&&(IDIlIrix-y+12.1)~12=Y)U(mAtrix_x=xü(malrix-y+12+1),*,12=y)1I

((matrix_ll+12·1)CltI2=xü(matrix-y+12+1)~12=y)II{(nullrix_x+12-1)1II12=llÜ(rNltrix-y=y))1I

Umatrix-x+12+1)'.ll12=xUtmatrix-y+12+1)CJtI2-y)U«lIUItrix_x+12+1)CJtl2=lt&&l1I4trix-y=y))
retum uue~

relumfa1se;
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