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Abstract 

 

Centralized databases are becoming bottleneck for 

organizations that are physically distributed and access 

data remotely. Data management is easy in centralized 

databases. However, it carries high communication cost 

and most importantly high response time. The concept of 

distributing the data over various locations is very 

attractive for such organizations. In such cases the database 

is fragmented into fragments and distributed to the 

locations where it is needed. This kind of distribution 

provides local control of data and the data access is also 

very fast in such databases. However, concurrency control, 

query optimization and data allocations are the factors that 

affect the response time and must be investigated prior to 

implementing distributed databases. 

 This thesis makes the use of mixed method approach 

to meet its objective. In quantitative section, we performed 

an experiment to compare the response time of two 

databases; centralized and fragmented/distributed. The 

experiment was performed at Ericsson. A literature review 

was also done to find out other important response time 

related issues like query optimization, concurrency control 

and data allocation. The literature review revealed that 

these factors can further improve the response time in 

distributed environment. Results of the experiment showed 

a substantial decrease in the response time due to the 

fragmentation and distribution. 

 

 

Keywords: distributed databases, centralized database, 

fragmentation, data allocation, query processing, query 

optimization, concurrency control 
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1 CHAPTER 1: INTRODUCTION 
 

Information storage has been a challenging endeavor throughout human history and 

existed even before modern computer systems [1]. The last three decades are marked by 

rapid growth of computer technology. This has raised the needs to evolve new techniques 

to manage huge amounts of data. 

Today, mostly centralized databases are used to store and manage data [11]. They 

carry the advantages of high degree of security, concurrency and backup and recovery 

control. However, they also have disadvantages of high communication costs (when the 

client is far away and communication is very frequent), unavailability in case of system 

failure and a single source bottleneck [3]. These issues raise the need of distribution of 

databases over various systems or locations. But the main motivation behind the concept 

of distributed databases is the efficient management of huge amount of data with 

increased availability and reduced communication cost. Research conducted in 1991 for 

distributed databases predicted a huge shift from traditional databases to distributed 

databases in the coming arena primarily due to organizational needs to manage huge 

amounts of data [11]. According to Ilker, many applications in the future will be 

distributed due to the development in technology, and therefore the databases will also be 

distributed [18].  

The telecommunication sector also wants to embrace this technology of data 

distribution. But before distribution, fragmentation is a very important and critical task 

that needs to be done. The fragmentation strategy is chosen carefully according to the 

database model. Fragments are made and then they are distributed to the sites where 

needed. Recent developments in network technologies have increased the intensity of data 

in telecommunication services. So the telecommunication sector is now at a point where 

they should move to fault-tolerant, more reliable and less expensive means of distributed 

data management [5]. 

But this emerging field has very critical issues to be dealt with before implementation 

in the telecom industry. Primarily these issues are: concurrency control, availability, 

transparency, recovery and throughput etc. Compared with the use of distributed 

databases in other traditional industries, telecommunication databases need to fulfill some 

additional and tough requirements on availability, recovery, throughput, reliability 

generally and response time specifically [3, 6, 11]. In the given context response time is 

of special importance before implementing distributed database at Ericsson. 

A lot of research has been done on distributed databases in general; little is, however, 

done with special consideration to the telecom environment [8, 9]. In our thesis we 

present a state of the art report about the response time and issues related to it including 

effect of increase in data and impact on the response time when data is not locally present. 
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Thesis Outline 
 

Chapter 2 (Background): This chapter develops the knowledge of readers about 

databases and their types. It also describes problems with the centralized database. It 

further gives information why distributed databases are needed in today‟s widely 

distributed organizations. This chapter also contains information about the related work.  

 

Chapter 3 (Problem definition/aims and objectives): This chapter defines the 

purpose of the study and its aims and objectives. It also defines the questions of the 

research and the expected benefits of the research. 

 

Chapter 4 (Research Methodology): This chapter highlights how this study is 

carried out. It gives detail about the adopted research methodology. 

 

Chapter 5(Theoretical work): This chapter gives information to readers about the 

issues related to distributed database in terms of response time. It points out some 

important factors and briefly discusses their impact. At the end it also mentions some 

suitable methods to deal with these issues.   

 

Chapter 6 (Empirical work/results): This chapter is related to the experiment that 

we performed during this thesis. It gives the details of the experiment set up and tools 

used for the experiment. It describes the detail of the methods used for the 

experimentation. It also contains information about results and their interpretation. In the 

end, it presents the comparison of the results gained from the two types of databases 

(centralized and distributed database). 

  

Chapter 7 (Conclusion): This chapter discusses the conclusion of our research work.  

 

Chapter 8 (Future work): This chapter is about future work. 
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2 CHAPTER 2: BACKGROUND 
 

 

The purpose of this chapter is to give some ground knowledge to readers about 

databases, their types and related issues. It will give a brief overview of general problems 

related to distributed databases and related research and development efforts. This chapter 

also highlights some primary issues specifically related to distributed databases in the 

telecommunication environment which has not yet been solved. We start with the general 

concept of databases followed by the need and development of different types of 

databases and end it with an enclosure of the needs for distributed databases in the 

telecom environment, their issues in that environment and work done in order to handle 

those issues.   

2.1 Overview of Database Systems 
 

The 20
th
 century witnessed a lot of development in databases to meet the needs of 

information storage and retrieval. It started with simple file systems, stored individually 

at separate places. However, it was not very fruitful for huge amounts of data due to 

problems of redundancy, separation and isolation of data, data dependence and 

incompatible file formats [25]. Later these files were merged into one unit and in 1964 

the term „database‟ was coined for this unit [17]. Advantages associated with the database 

were faster and shared access, data integrity and data consistency etc. 

Later different database architectures were devised according to the need of different 

applications. IBM‟s IMS (Information Management System) in 1966 was the first 

commercial hierarchical database system [2]. It provided the features of easy data 

updating, fast retrieval, multiple association and simplicity of structure. However, pointer 

path restrict access, data replication and large computer storage made the scope of 

hierarchical databases very limited. 

Object oriented database came out to support graph-structured objects. They 

incorporated many useful features of object oriented paradigms as encapsulation, 

inheritance and object identity [12, 17]. However their complexity of model and lack of 

standard limited their use. One main problem with these databases was the intermingling 

of conceptual relationships with the physical storage. Though it provided efficient access 

it reduced flexibility. The solution to this problem emerged in the inception of relational 

databases by E.F.Codd in 1970 [2, 12]. This database model is based on the mathematical 

principles of set theory and predicate logic. It provided faster access by joining multiple 

tables using relations. Relational databases are now present on almost every type of 

computers.  

 

2.2 Centralized and distributed databases 
 

2.2.1 Centralized Databases 
 

A centralized database system is a system where all the data is stored at a single 

location. Users retrieve the data from that database, perform some actions and store it 

again at that location. Making your database centralized carry many advantages including 

easy data management, high degree of security, concurrency, and backup and recovery 

etc. [3]. 
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2.2.2 Problems and issues of centralized databases 
 

Currently many organizations are using centralized databases and Ericsson is one of 

them. The main problem of using centralized databases is the high communication cost, 

especially in a case when the communication between the client and server is very 

frequent and a file transfer approach (a complete file is transferred from server to client 

for user operations) is used. Having all data at single central point also leads to the 

problem of single source bottleneck. Another main problem of the centralized databases is 

the availability; in case of a site crash, data is unavailable until the database server comes 

back [12, 17]. The concept of distributed databases is introduced in order to overcome 

these issues. 

2.2.3 Distributed Databases  
 

“A distributed database is a collection of multiple, logically interrelated databases 

distributed over a computer network” [11]. It may also be a single database divided into 

chunks and distributed over several locations. The database is scattered over various 

locations which provides local access to data and thus reduces communication costs and 

increases availability. 

Most of today‟s business applications have shifted from traditional processing to 

online processing [14]. This has also changed the database needs of the applications. 

Today, the role of databases to organize voluminous data has increased compared to 

previous era [16, 11]. Large companies need to distribute their data for many reasons e.g. 

for being economic and competitive [15]. However, the main motivation behind the 

concept of data distribution is the efficient management of huge amounts of data with 

increased availability and reduced communication cost. So, it has become a very 

attractive solution for areas like: online banking, e-commerce merchant, HR departments, 

telecommunication industry and air line ticketing etc. [18]. 

 

2.2.4 Problems and issues of Distributed database databases 
 

Distributed database systems have advantages of high availability, good response time 

and reduced communication cost. However, there are some crucial and pivotal issues 

which must be taken into account. As compared to centralized databases the management 

of distributed databases is complex as it is scattered over several locations. It also raises 

many security issues. Data is prone to interception while communicating. Controlling 

widespread data is another issue as a single database administrator cannot control the 

overall distribution. To implement the concept of distributed databases special software 

products and tools are needed which are expensive to purchase and complex to operate. 

Improper distribution of data may also lead to poor response time which affects the 

overall performance of the system. Another main problem with distributed databases is to 

control concurrency [3, 17]. It becomes very difficult to control the concurrency when 

multiple users are accessing the same piece of data and there are many read and write 

requests at the same time. 

 

 Databases may be called a cornerstone as its ability to store, process and manage 

information is a key to any organization prevailing in any sector. The telecom sector is 

growing very fast as its number of users continues to increase. The telecom industry 

performs a variety of actions like customer relationship management, market analysis, the 

evaluation of call detail records, analysis of customer churn, complex billing system and 

personalized telecommunication services [5]. Performing these tasks not only increases 

customer satisfaction, but it also gives the companies a competitive edge. Using 

centralized databases makes it problematic for large organizations to be competitive. So, 

an alternative database technology is needed to overcome this. This alternative is to 
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distribute the database. So, its important issues like back up and recovery, concurrency 

control, security, availability and its implementation need to be investigated. Along with 

these issues the main concern of this study is to distribute a data and check how it will 

affect the response time. 

2.3 Fragmentation and Distribution 
 

Fragmentation is the process of splitting a database into fragments. Each fragment is 

then treated as a separate unit. Prior to fragmentation, data selection patterns of 

applications running on the database are identified. Then the database is divided into 

fragments based on those patterns. 

Fragmentation is an important technique to reduce the response time. Fragments of a 

database have short index tables, which makes searching fast compared to centralized 

databases. However, if data selection patterns are not recognized properly, it will lead to 

fragments unsuitable for applications. Consequently, it will increase the response time as 

data will be searched through many fragments. 

After fragmentation, distribution is another important task to be done carefully. 

Fragments should be distributed to the locations where they are needed. This will provide 

local access to data and reduce the response time. Moreover, it will also provide local 

control of data. 

2.4 Databases for Telecom environment 
 

Today, the telecom sector is expanding due to new inventions in technology. This has 

increased the competition in the telecom market. The telecommunication sector‟s aim is 

to satisfy their customers by providing different services efficiently. Customer satisfaction 

is becoming a challenging task for the telecom industry due to increased number of 

customers. Customer relationship management, market analysis, the evaluation of call 

detail records, HLR (Host Location Registry), on-line accounts and personalized 

telecommunication services require very efficient database support [19]. Traditional 

databases, for instance centralized database systems, do not always provide good support 

in such environments. If the company‟s aim is to provide good and efficient response 

time, and if they want 24*7 availability (if server gets down it must be up immediately), 

traditional databases do not fit well for such needs. The alternative solution to this 

particular problem is to use distributed database systems, which guarantee data 

availability even if some of the sites crash. 

2.5 Related work 
 

After the emergence of this field in 1990‟s many researchers put their efforts to 

identify and resolve the issues related to distributed databases. Substantiating and 

incorporating data in distributed databases led to additional complexities like concurrency 

control, data allocation, data partition, query optimization, data replication, data integrity, 

recovery, and security etc. Although different solutions [20, 21, 22, 23, 24] have been 

devised to overcome these issues in general, very little has been done with special 

reference to the telecom industry. Matthias Jarke et al. conducted a survey in 2000, in 

order to find that how much work has been done in distributed databases in telecom area. 

They found only 7 papers related to their basic search criteria (DDBS in telecom). This 

reveals the fact that how little work is done in this pivotal area which is in grave need of 

distributed databases. 
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3 CHAPTER 3: PROBLEM DEFINITION/ AIMS AND 

OBJECTIVES  

3.1 Problem definition 
Besides the benefits that a distributed database possesses, it has certain important 

issues that need to be properly investigated before its implementation. Switching from a 

centralized to a distributed environment requires fragmentation of tables and allocation of 

these fragments to various sites. Selecting a suitable fragmentation and allocation strategy 

is very important for performance purposes. The response time is a very crucial element if 

we talk about performance. We want to know how the response time will be affected if 

we use distributed database technology. We also need to look deep into other important 

factors that may influence the response time in the distributed environment.  

3.2 Purpose  
 

The purpose of this study is to fragment and distribute the data and check how the 

response time will be affected. The other purpose is to identify the primary issues related 

to response time in distributed database in the telecom environment (Ericsson). In order to 

meet this objective we perform the experiment in both centralized and distributed 

environments with the help of prototypes.  

3.3 Aims and Objectives 
 

The main aim of this research is to know the impact of data fragmentation and 

distribution on the response time. To achieve the aim of research, other objectives 

include: 

 

 Data fragmentation and distribution    

 Analysis of change in the response time  

3.4 Research Questions  
 

To achieve the expected outcome we have defined four research questions.  

 

RQ1. Which strategy is suitable for database fragmentation? 

This question deals with database fragmentation, which method is best for the 

database to fragment in such an environment e.g. Ericsson.  

 

RQ2. What issues may affect the response time in distributed databases environment? 

This question will address primary issues related to response time in distributed 

databases. 

   

RQ3. How response time will be affected after fragmentation and data distribution? 

The purpose of this question is to find the change in the response time after data 

fragmentation and distribution. 

  

RQ4. What will be the impact on response time when acquired data is not locally 

present? 

The purpose of this question is to study the impact on the response time when the 

requested data is not locally present.  
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3.5  Outcomes 
 

The main focus of our thesis is on issues related to the response time in distributed 

database in telecom. To fulfill this purpose we fragmented and distributed the database. 

After this we studied the response time in both centralized and distributed database 

environment. We collected the statistics for the response time and made a comparison 

analysis.  Other outcomes include: 

 

 Identification of issues related to the response time in distributed databases  

 Database fragmentation with the help of an appropriate strategy  

 Performance comparison of the response time in both database environments 

(centralized and distributed)  
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4 CHAPTER 4: RESEARCH METHODOLOGY 
 

This chapter describes the scientific way to deal with the problems, how to proceed, 

and which method(s) is/are suitable for research problem. Three types of research 

methods are available: qualitative, quantitative and mixed approach [10].   

In this thesis, we used both qualitative and quantitative (mixed approach) in order to 

achieve our research objective. Research questions RQ2 is answered using qualitative 

research method (literature review) and quantitative method (Prototyping/experiment) is 

selected in order to answer RQ3 and RQ4. RQ1 is partially answered by the qualitative 

and partially by the quantitative approach. 

4.1 Qualitative Research Methods 
 

Qualitative research is a type of scientific research which is especially effective in 

obtaining specific information and collection of data related to the problem. Four methods 

are available for data analysis and collection: case study, grounded theory, 

phenomenology, ethnography and historical data collection [10]. 

Qualitative research is descriptive in nature where we get understanding of the issues 

by data gathering and then analyzing them. It is mainly concerned with „how‟ and „what‟ 

type of questions. RQ2 has similar characteristics which makes it suitable to be answered 

by a qualitative approach. 

4.1.1 Literature Review 
 

In order to get the ground knowledge related to problem we carried out literature 

review. During this study we collected all the related information by exploring different 

databases including IEEE, ACM, Science Direct, Springer link, cite seer X, Engineering 

Village, and Elsevier etc. Selection of appropriate articles depends upon the search 

criteria; we used specific keywords (Distributed database, real-time database in Telecom, 

Telecom databases etc.) in order to find the relevant material. We started our search by 

putting some general keywords in all the Databases at the same time, we found different 

results. More detail is given in Table 1. 

 
Keywords  IEEE ACM Science Direct Springer Link 

Distributed 

database  

7349 19034 119414 119147 

Distributed 

database in 

Telecom 

25 1043 2087 2186 

Data distribution 

in telecom 

120 1388 1308 2384 

Fragmentation in 

distributed 

databases  

49 782 5108 3794 

Fragmentation in 

distributed 

databases in 

telecom 

1 41 115 90 

Table 1: Search Results  

 

After getting a lot of papers, we refined our search criteria. We include year of 

publication, and other keywords related to the databases like query optimization, 
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concurrency, replication and fragmentation etc. Finally, we got the following number of 

papers. 

 

 

 

 
Database name  No. of papers  

IEEE 57 

ACM 60 

Science-Direct 100 

Springer Link  100 

Engineering- 

Village  

80 

Table 2: papers after filtering  

  Even these papers were too much to read. So, we read their abstracts and took only 

those which were closely related to our topic. In the end we finally selected only 45 

articles in total. 

Search string and keywords 

In order to find the relevant information about study we used following strings and 

keywords: 

 Database issues 

 Distributed databases 

 Distributed database in telecom 

 Data distribution 

 Data allocation AND approaches 

 Fragmentation AND types 

 Concurrency control in distributed database 

 Query processing  

 Query optimization 

 Concurrency control approaches  AND algorithms 

 Data distribution AND techniques 

 General issues in distributed databases AND their solutions 

 Distributed database advantages AND disadvantages  

 Distributed database AND client server database issues 

 Replication in distributed database 

 Replication AND types of replication 

 Replication algorithms  

4.1.2 Evaluation of Articles  
 

For evaluation purpose we read the introduction, method, results and their references. 

Of course it is essential to check what they have concluded in their papers and what their 

suggestions for future work are. We selected only those articles which were about 

different issues of DDBS. We found only few articles about issues of DDBS in telecom. 

4.1.3 Quality Assessment 
 

In order to assess the quality of selected articles, we set the following criteria: 

 

 QA1. The study should contain the knowledge about distributed databases. 

 QA2. The study should contain a detailed knowledge about any issue of 

distributed databases in general. 
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 QA3. The study should contain detailed information about issues of 

distributed databases in the telecom environment, specifically related to the 

response time.  

 

4.2 Quantitative Research Methods  
 

According to John W. Creswell, quantitative research is much more statistical in 

which “investigator primarily uses post positivist claims for developing knowledge”. 

Major types of quantitative research are: Surveys and experimentation [10]. In this study 

we performed experimentation (the detail about experimentation is available in Chapter 

5). Quantitative research is performed where we need to get the precise measurements and 

perform an analysis or comparison. RQ3 and RQ4 are actually analysis based questions, 

so we chose quantitative approach to answer them. 

Quantitative part of this study was based on prototypes and different tests. We 

conducted different tests to study the response time. First study gave results of response 

time in the centralized architecture. Then data was distributed and allocated on five sites. 

Performance appraisal was done on the results from both tests.  
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5 CHAPTER 5: THEORETICAL WORK  
 

5.1 Centralized and Distributed Database Architecture 
 

5.1.1 Centralized database architecture 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1: Centralized Database system Architecture 

 

The above picture depicts the general architecture of centralized database system for 

two countries (A, B); all sites can access the data from the central database server via their 

network. The obvious advantages of this system include data consistency, security, and 

easy management. However, serious problems of high communication cost, single source 

bottleneck and load balancing are associated with this system as well. In addition to this, 

sites are not connected to each other, the main problem of this approach is the availability 

(Figure 1 clearly explain this, for example if central server goes down there is no access to 

data until the server comes back). To overcome these issues distributed databases are 

used.  
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5.1.2 Distributed database architecture  
 

 

Figure 2:   Distributed Database system Architecture [54] 

Generally, distributed database is the collection of databases distributed across 

different locations or sites over a network as illustrated in Figure 2. Similarly, it may also 

be a single database, divided into chunks and distributed over various sites.  

  

 

 

   

 

 

 

 

 

 

 

 

Figure 3: Distributed database systems Architecture  

Each site has a certain amount of data that it needs frequently and it can get the rest 

from some other site. Distributed databases are very useful when availability and fast 

response time is needed. They increase performance and reduce communication costs. 

However, many serious issues are also related with distributed databases which must be 
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investigated. Among those issues, consistency, concurrency control and query 

optimization are investigated here in literature review.  

 

5.2 General Requirements of Distributed Database in Telecom 
 

Before implementing distributed databases some general requirement need to be 

fulfilled and they are mentioned below. 

5.2.1 General Requirements 
 

 Users should be able to access data simultaneously   

 Users should be able to update data at the same time without violating the 

integrity of the transaction 

 DDBS should be able to deal with different failure, scenarios it could be node 

failure, network failure, transaction failure and ensure that the entire system is 

not affected due to failure of some sites  

 DDBS should ensure that the communication cost of a transaction is 

minimized 

 The implementation of DDBS should be platform independent [51] 

 

Some specific requirements of distributed database in the telecom environment are: 

 

Availability: The system should be available round the clock even if the server goes 

down. This can be solved through the use of more than one server. Distributed database 

technology ensures that the system is available in the case of the site failures. This is 

something that is not possible in the case of centralized database system. The 

telecommunication sector requires high availability. “The maximum allowed down time is 

a few seconds a year” [49, 50]. 

 

Fast response time: According to Taina et al. [49] the average processing time for a read 

request is 50 ms and it is necessary for the system that 90% of the read requests must be 

completed in this time interval. For updates, the time limit is not as strict.   

 

Concurrent access: System should be able to provide simultaneous access to multiple 

users in such a way that it should not affect the integrity of the data. In addition to this, 

system must be able to deal with deadlock situations. 

5.3 Primary issues in distributed telecom databases 

5.3.1 Concurrency control  
 

Accessibility of distributed databases by different users makes them vulnerable to 

transaction interference. The fundamental property of isolation cannot be obtained when 

several transactions execute concurrently in the databases. Ignoring or weakening the 

property of isolation may lead to inconsistency of data. So, a mechanism is needed to 

ensure control of interaction in such situations. Concurrency control is the mechanism or 

procedure that assures that simultaneously executed transactions preserve consistency. 

Concurrency control ensures that there is no interference among users accessing a 

database simultaneously. Its purpose is to coordinate concurrent accesses to databases in 

multi user database management systems (DBMS) [26, 27]. 

The problem of concurrency persists in distributed as well as in non-distributed 

databases. For non-distributed databases it has been very well investigated and 2PL (2 



  22 

Phase Locking) is a standard solution [26]. However, for distributed databases this issue 

needs enhanced/new methods.  

A diverse group of users access databases in the telecom environment to perform a 

variety of operations. Performing various actions simultaneously may affect the 

serialization order of transactions and leads to data conflicts. Consequently, telecom 

databases are more susceptible to anomalies if concurrent accesses are not managed 

properly. Data consistency is very important in telecommunication. Poor and inefficient 

concurrency control can lead to data inconsistency. It may also lead to poor performance 

of the system. In addition to general requirements of distributed databases, telecom 

databases have additional criteria of response time (in milliseconds) and availability 

(24*7). Inappropriate concurrency control procedures may lead to frequent aborts and 

restarts of transactions to resolve conflicts which reduce system performance [43]. 

 

 Concurrent access, if not handled properly, may lead to a variety of anomalies in 

distributed databases. Some of the most common anomalies and their brief description are 

listed below: 

 

Dirty Read: When one user reads a value changed by another user before a commit 

or rollback is done. There is a possibility of rollback that may lead the first user to have 

read an invalid value. 

 

Lost Update: We know that in distributed databases same data may be accessed by 

multiple users. It is possible that the same persistent object is read and modified by two 

users independently. This leads to the anomaly of lost update because the last committed 

transaction overwrites the changes made by the first transaction. 

 

Inconsistent Data Retrieval: This anomaly occurs when a data object is read twice 

during a transaction and it is modified by another transaction between two read 

operations. In this case, data will be different in the second read. 

 

Phantom Read: Phantom read occurs when a query extracts a subset of data to work 

further on it and it is changed by another user during the execution of the query. Usually 

this anomaly occurs when we obtain a query result and performs calculations on it [54]. 

 

Concurrency control techniques 

 

A variety of techniques have been developed and deployed to handle concurrency 

control. These techniques are either extensions or combinations of those concurrency 

control techniques that are used to solve this problem in traditional databases. Most 

general techniques include locking, timestamp ordering, multi-version and optimistic 

concurrency control techniques. Locking is locking the data objects in case of multiple 

transactions, time-stamping is attaching a unique identifier to each transaction, multi-

version is to use multiple versions of a data item while optimistic control techniques rely 

mainly on the concept of „verification‟ and „validation‟ after a transaction has executed its 

operations. 

 

Each of the above mentioned techniques make use of a variety of protocols in order 

to achieve concurrency control. To know further about techniques and protocols read 

[12,16,23,24,26,29,31-42]. 

 

5.3.2 Data Allocation  
 

One issue which rises as a result of shift from a centralized database to a distributed 

database is the allocation of data in distributed databases. While designing the distributed 
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database the data allocation is a key design issue. Making the data allocation optimal is 

one of the difficult problems as, many factors must be taken into consideration.  Anca 

stated [45] “the optimality can be defined with respect of two measures: minimal cost and 

performance”. Distribution of data may affect the overall performance of the database.  

According to Soheila et al. the allocation of the data is a challenging task in 

distributed databases as compared to centralized databases. “In distributed database 

system it is often required to allocate data as Fragmented, Replicated and Centralized” 

[46].   Data should be allocated or distributed to sites according to some specific needs 

(user‟s need, system objective), for example, if the system‟s objective is to minimize the 

response time (reduce the processing time, communication cost) as it is mostly in the case 

of real-time systems, then, optimal data allocation would be one that can solve the 

problems related to the response time [48].  

“The advantages of data distribution compared with the centralized one are increased 

availability, decreased access time, easy expansion and possible integration of existing 

database” [46]. To gain this advantage it is necessary to allocate data in such a way that it 

increases the overall performance including availability of the system, response time etc. 

 

 Allocation Techniques  

 

Many researchers want to give optimal solutions to this critical problem in distributed 

database environment. Some of them are briefly described here. Broadly, there are four 

main strategies related to allocation and placement of data in distributed database 

environment: 

 

Centralized: Data are stored at a central server and the locality of reference is low in 

this strategy for the end users, more explanation can be found in [45]. Locality of 

reference means that data is local to where it is needed. 

Fragmented: Another strategy for data distribution is fragmentation where data is 

divided into small pieces and these pieces are then stored at different sites. Fragments are 

made and distributed according to each site‟s need. This improves the performance of the 

system and the locality of reference is also high in this situation. Many techniques and 

algorithms are available for fragmentation.  

Complete Replication: Complete replication (explanation will come in the following 

sections) is the strategy used to copy all data at each site. It ensures data availability, 

maximizes the degree of locality and improves read performance. However, it increases 

the storage cost since every site has a complete set of data [46, 47]. 

Selective replication:  There are many situations where we need a combination of 

more than one strategy. Selective replication is the strategy where we use a mix of above 

mentioned strategies according to our requirements [45]. 

 

5.3.3 Query Processing and optimization 
 

Data distribution has made query optimization important issue, since in many cases a 

query fetches data from multiple nodes. Query optimization reduces the transaction 

processing cost and increases performance. It deals with designing algorithms that 

analyze queries and convert them into machine readable language. The challenge here is 

to decide which strategy we should adopt in order to execute the query over the network. 

A number of factors need to be taken into consideration including data allocation, 

communication cost and data availability with reference to locality [11].  The aim of 

query processing is to fetch information from database(s) and give to user(s) as quickly as 

possible. The objective is to improve the overall performance of the system. The Query 

processing problem is more challenging in distributed environments compared to 

centralized databases. Data is distributed among different sites or replicated and in case of 

accessing data from multiple sites increases response time and communication cost. In 
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distributed database environments every site often contains some site specific data; 

accessing data from multiple sites make the query complex and requires the distributed 

joints which reduces performance. 

 There are three phases in query processing [21, 44]: parsing, optimization and 

evaluation. In the first phase a high level SQL query is converted into low-level machine 

readable format. The second phase produces a good execution plan and execution strategy 

for the query. It also deals with allocation of main memory i.e. how much memory is 

required to execute the query. In distributed environments it also decides on which 

particular node this query should be executed.  The last step for executing the query is the 

evaluation plan and the best evaluation plan is chosen by the optimization engine.  In 

order to achieve the objectives of low communication cost and high system performance 

the above mentioned three phases need to be done in the best manner.     

Query optimization becomes even more important when the queries are more 

complex [29]. The optimization can be achieved thorough fragmentation. System 

throughput is the maximum, if a single fragment is available for each query. This is an 

ideal situation. This gives the idea that system throughput increases as we reduce the size 

of segments. The main problem in query optimization is to choose the best evaluation 

plan and even more challenging is to estimate the cost of alternative plans for query 

execution. Two types of optimization techniques are used for query optimization; cost-

based optimization and heuristic optimization. [29]    

5.4 Fragmentation 
 

It is the decomposition of a relation into fragments each being treated as a unit [11]. 

Fragmentation is done according to the data selection patterns of applications running on 

the database. It permits to divide a single query into a set of multiple sub-queries that can 

execute parallel on fragments. 

5.5 Types of fragmentation 
 

Fragmentation is basically divided into two categories and they are mentioned as 

under: 

 Horizontal fragmentation 

 Vertical fragmentation 

5.5.1 Vertical Fragmentation 
 

It divides a relation into fragments which contain a subset of attributes of a relation 

along with the primary key attribute of the relation. The purpose of vertical fragmentation 

is to partition a relation into a set of smaller relations to enable user applications to run on 

only one fragment [11]. 

  

5.5.2 Horizontal Fragmentation 
 

It divides a relation into fragments along its tuples. Each fragment is a subset of tuples 

of a relation. It identifies some specific rows based on some criteria and marks it as a 

fragment. Horizontal fragmentation is further divided into two types. 

5.5.2.1 Primary horizontal fragmentation 

This type of fragmentation is done where the tables in a database are neither joined 

nor have dependencies. So, no relationship exists among the tables. 
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5.5.2.2 Derived horizontal fragmentation 

Derived horizontal fragmentation is used for parent relation. It is used where tables 

are interlinked with the help of foreign keys. It ensures that the fragments which are 

joined together are put on the same site. In this thesis, derived horizontal fragmentation is 

used. 
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6 EMPIRICAL WORK/ RESULTS  

6.1 Data Model  
 

Ericsson has a very big database with more than 30 tables and each table has millions 

of records. It was not possible to work on such voluminous database. Moreover all tables 

were not relevant to our experiment as they contain data for system configuration 

purposes as well. So, a smaller database was needed for our purpose. With the help of 

Ericsson database experts we derived two typical tables from the Ericsson database. 

Having a mix of attributes which are read and written, these tables are an appropriate fit 

for our experiment. 

Our data model contains two tables; subscriber and account. Subscriber table holds 

the basic information about the customer and his connection settings while the table 

account has details of the customer account. The following diagram depicts attributes of 

each table and describes the relationship between the tables. 

 

 
Figure 4: Data model 

Subscriber is the owner table of our data model with subscriber_id as the primary 

key. Table account is the member table with account_id as the primary key while 

subscriber_id serves as the foreign key in this table. Relationship is one-to-many from 

subscriber to account table which means that each subscriber can have one or more 

accounts. 

Table 4 and Table 5 describe the attributes, their data types, constraints and 

description of each attribute used in our tables. 

 

Field Name Data Type Constraint Description 

Account_id Number Primary key Unique Id for each account  

Value: 0-9999 

Subscriber_id Number Foreign Key Reference Id to subscriber  

Account_type Number Not Null Refers to call account, SMS account or 

bonus account etc 

Units Number Not Null Account balance gets updated due to 

debit or credit 

Unit_Type Number Not Null The charging unit type (SEK, Euro 

etc.) 

Account_Lower_Limit Number Not Null Minimum unit value allowed 

Table 3: Account Table 
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Field Name Data Type Constraint Description 

Subscriber_id Number Primary 

key 

Unique Id is used for each 

subscriber, random 

number is assigned when 

creating each subscriber 

Net_id Number Unique Unique Mobile number of 

subscriber 

Tariff_structure Number Not Null Tariff structure id used by 

subscriber group 

Value: 0-99 

Subscriber_Group Number Foreign 

Key 

Reference Id of 

subscriber group the 

subscriber belongs to 

Status Number Not Null Pre-activated or activated 

Language Number Not Null Language for subscriber 

this value is set when 

creating subscriber 

Subscriber_Param1 Number Null Subscriber specific 

parameter 

Subscriber_Param2 Number Null Subscriber specific 

parameter 

Subscriber_Param3 Number Null Subscriber specific 

parameter 

Announcement_Date Number Not Null The last date when the 

special announcement 

was played to the 

subscriber  

Location  Varchar Not Null Home location of the 

subscriber (e.g. Malmo, 

Vaxjo etc) 

Table 4: Subscriber Table 

6.2 Experiment Environment 
 

This experiment is designed to study the changes in the response time when going 

from centralized to distributed databases. For this purpose we performed two tests. Five 

systems were used in these tests. We used Oracle 9i database for this experimentation 

while the operating system on these systems was Solaris. The following architectures 

were used in our experiment. 

 

 

 

 

 

 

 

 

 

 

Figure 5: Centralized Database Architecture for Test 
Figure 5 depicts the architecture of the centralized environment. The database is 

located only on one machine. The other four machines have no database in our 

experiment. All requests are directed to the central server. Their requests are processed 

and the outputs are sent back. Clients do not communicate among themselves.  
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Figure 6: Distributed Database Architecture for test 

 

Figure 6 shows the architecture of the distributed database for our conducted 

experiment. Here every site may act as a server and client at the same time. All sites are 

interconnected and can communicate to one another. Each site contains some data it 

accesses most frequently and can also access data from any of the other sites.  

6.3 Hypothesis Formulation 
 

Null Hypothesis (H0): There is no difference in the response time between the 

centralized and distributed database environment. 

Alternative hypothesis (H1): The response time is minimized in distributed database 

environment. 

Alternative hypothesis (H2): The response time is maximized in distributed database 

environment 

6.4 Dependent and Independent Variables 
 

Independent Variables 

 Net Id, location in case of centralized database 

 Net Id, location and tariff structure in case of distributed databases 

Dependent Variables 

 Response time 

6.5 Validity Threats 

6.5.1 Internal validity threat 
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In our experiment internal validity threats include performing the experiment on 

different systems. Systems with different specifications may produce different outputs of 

the response time. Changed workload on these systems at different times may also affect 

the response time. 

In order to decrease these threats we did two things. We used all systems with the 

same specifications so that they would give us similar results. To avoid workload threat, 

we performed experiment at different times. We repeated this process again and again 

until we got consistent values. 

6.5.2 External validity threat 
 

Using different prototypes was an external threat in our experiment. So, we used same 

prototype for all five systems. Using differently structured queries in centralized and 

distributed environment was another threat that could affect our output. We used exactly 

similarly structured queries for both environments. 

6.5.3 Construct validity threat 
 

This type of threats may arise when investigators draw wrong results from the data or 

experiments. To avoid construct validity threats outputs were taken a number of times and 

then their averages were calculated to get the best possible values [11]. 

6.6 Queries used for Experiment 
 

The test is performed using 7 major queries. Normal call and scan queries have two 

and three sub parts respectively. So, we have 10 queries in total and these queries are 

same for both environments. Some times, systems behaved unexpectedly and we 

experienced a lot of fluctuations in the response time. So, to get the consistent response 

time we executed these queries a number of times. The details of the queries are given 

below and the actual queries are given in Appendix (A). 

1. Normal Call 

Part 1 

Find subscriber via Net_id and location 

Find account 

Part 2 
       Same as part 1 

       Update the account 

2. Refills 

Find subscriber via net_id and location  

Find subscriber_id  

Find account (units) 

Update account (units) 

Update subscriber (Subscriber_Param1, 2, 3) 

3. Balance Inquiry  

Find subscriber via net_id and location 

Find accounts 

4. SMS Charge 

      Find subscriber via net_id and location 

      Find tariff_structure 

      Find sms_account 

      Update units on account 

5. Change Language 

      Find subscriber via net_id and location 
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      Update language 

6. Pre-Activation 

      Find subscriber via net_id and location 

      Update status and Announcement _date 

7. Scan 

a. List subscriber units >10 

                Units and subscriber from account  

                Net_id and subscriber group from subscriber 

b. Count subscribers per subscriber group 

c. Count units per subscriber group  

6.7 Prototypes used for Experimentation 
 

This section describes details about prototypes that we used in our experimentation.  

6.7.1 Tools used for Prototypes 
All prototypes were developed using Java programming language. We used Oracle9i 

to store the data in our experiment. The systems used for experiment were running on Sun 

Solaris.  Third party tools (Xming, PuTTY etc) were also used to gain access of Solaris 

based systems from Windows. These systems were interconnected by the network. 

6.8 Centralized Database Server Prototype 

Figure 7: Centralized database prototype 

Figure 7 shows the interface designed for the centralized database system. Queries 

described in section 5.3 are shown in the combo box. The user can select only one 

scenario at a time (e.g. normal call, refill etc). After that user have to give the initial 

net_id and enter the value for loop (loop values actually shows the number of requests at a 

particular time). The output is set optional to the consent of the user. Once the user clicks 

on the execute query button, the response time is shown after the completion of the query 
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under time statistics area. There are four values of response time maximum, minimum, 

total and average time. This time is taken in milliseconds for both databases. User can 

execute many queries without terminating the session by clicking on Execute another 

query or he/she can quit the application with exit button.  

6.9 Test Execution for Centralized Database  
 

The purpose of the test is to take the response time values of particular queries. First 

we took some results by executing queries on the sever machine without any work load in 

order to calculate the local response time. Response time is taken in milliseconds and it is 

only the processing time at a particular site. It does not include communication time 

between the sites as we have not considered network speed or bandwidth etc. Values for 

the response time were taken by executing the queries a number of times. The purpose of 

this repetition was to take as real and consistent values as possible. Then we increased the 

workload for centralized database system (all five systems including the server itself were 

part of the test) and repeated the same process to check the response time. The basic 

purpose of this increase in workload was to study the change in the local response time 

due to the increasing workload. By workload we mean that all the sites were accessing the 

data from server site at the same time. Same procedure was repeated to take the foreign 

response time. Number of the requests was same as it was in the case of local machine 

(server). While performing this test we sent the same requests for the same set of data 

from all clients.  

6.10 Results for Centralized database 
This section describes findings of our experiment in the centralized database 

environment. Section 5.10.1 depicts the tables and graphs of gathered statistics. 

6.10.1 Centralized database Statistics  
These statistics are collected from two different tables (subscriber, account). The 

subscriber table contains 10,000 records and the account table has 20,000 records. Most 

of the queries are performed on two tables.  

6.10.1.1 Centralized Database Statistics (Server Site)  

Table 5 shows the minimum, maximum and average response time values for the 

server site. The response time is taken in milliseconds. We gathered the results by 

executing the queries a number of times and then their average was calculated to take the 

best values.  

 

Server Statistics (Local Response Time in milliseconds) 

 

 Query Min. Value Avg. Value Max. Value 

Normal call 25 27 57.75 

Refill 25.75 28 81.5 

Balance Inquiry 19.25 20.5 38.75 

Change Language  2 3 24.5 

SMS-Charge 24 26 50.25 

Pre-activation 3 4 44 

Subscriber list / subscriber group 1 1.2 5 

Subscriber/subscriber group 37 37.8 50.5 

Units/subscriber group* 524 526 578 

Table 5: Statistics of sever  
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Figure 8 represents the graph for Table 5. However, it does not include the marked 

query (Units/subscriber group*). Its values are too high to be adjusted in the graph. So, to 

avoid complexity it is not included in the graph. First it checks for subscriber_id of a 

particular subscriber group in the subscriber table and then searches these subscribers in 

the account table and counts their corresponding units. Since, this particular query reads 

almost all the records in both the tables so; its response time is sufficiently high. 

 The graph shows high response time values for normal call and refill queries. These 

two queries perform both read and write operations on both tables so; their response time 

is higher than other queries. Change language and pre-activation are also performing data 

updates but their updating is to only one table i.e. subscriber. Therefore, their response 

time is less.  

  

Server Statistics with no workload
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Figure 8: Server Statistics 

6.10.1.2 Centralized database Statistics with workload 

Table 6 displays the best case, worst case and average values for all systems. This 

table has been derived from table 20 given in Appendix C where you can find statistics 

about each system i.e. server and four clients. Table 6 statistics show a slight increase in 

the response time as compared to Table 5. This increase is due to the increase in the work 

load.  

 

Centralized database Statistics with workload  

 

 Query Best Case Avg. Value Worst Case 

Normal call 27.5 43.6 124 

Refill 28.5 43.9 130.5 

Balance Inquiry 20.25 32.75 152.75 

Change Language  2.75 6.22 116 

SMS-Charge 25.75 40.612 139 

Pre-activation 3 5.466 63.66 

Subscriber list / subscriber group 1 1.84 44 

Subscriber/subscriber group 37.25 58.55 89.75 

Units/subscriber group* 621 878.55 911.25 

Table 6: Statistics of Centralized database with workload 
 

Figure 9 shows the graph based on table 6. This graph is almost similar to graph of 

Figure 8 with the exception of little increase in the response time. This increase confirms 

that an increase in the workload at a system may increase its response time. Increase in 
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response time may be because of collisions caused at the system, requests queuing and 

deadlocks.   

Centrzlized Database Statistics with work load
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Figure 9: Centralized database Statistics with work load 
 

Table 7 displays the average time for all systems that were a part of the experiment. 

These values were taken when all systems were performing operations on the server 

system. 

 

Statistics of Average values for all systems 

 

Query Server_Avg. Site1_Avg. Site2_Avg. Site3_Avg. Site4_Avg. 

Normal Call 42.5 44 43.5 43.5 44.5 

Refill 42.5 45 45.5 44 42.5 

Balance Inquiry 32.5 32.25 33 32.5 33.5 

Change language 5 6 6.6 6.75 6.75 

SMS-Charge 40 39.66 42.6 40.2 40.6 

Pre-activation 4 4.5 7 6.5 5.33 

Subscriber list / 

subscriber group 
1.2 2 2 2 2 

Subscriber/subscriber 

group 59 56.5 59 59.25 59 

Units/subscriber 

group* 878.25 900.75 878.75 879.25 878.5 

Table 7: Average Response time for all systems 
 

Figure 10 illustrate the average response time for all sites. It shows that average 

response time for server is less. Because the database is local to server site so, the 

response time for server site is less as compared to other sites. This difference in the 

response time depends upon the communication channel speed, communication distance, 

server site workload and client data access approach (file transfer approach, data transfer 

approach etc).   
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Average Response time for all sites 
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Figure 10: Average Response time for all sites 
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Table 9 describes the detail about maximum values for all sites. Complete details are 

available in table 20 given in Appendix (C).  

 

Statistics of Maximum values for all system 

 

Query Server 

Max 

Site1 

(1134)Max 

Site2(1169) 

Max 

Site3(1168) 

Max 

Site4(1138) 

Max 

Normal Call 124 103.5 101.5 118 100 

Refill 110.5 108 126.5 130.5 102 

Balance Inquiry 47.5 143 149.25 152.75 142.75 

Change language 61 61.25 69.8 116 73.75 

SMS-Charge 137.5 118.66 107.6 135 139 

Pre-activation 42.5 46 63.66 51 62 

Subscriber list / 

subscriber group 
5.33 44 8 14.33 11.33 

Subscriber/subscriber 

group 77.25 71.75 81 89.75 73 

Units/subscriber 

group* 900.75 903.25 905.25 905.75 911.25 

Table 8: Maximum Response time for all sites 
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Figure 11: Maximum Response time for all sites 

Figure 12 represents the graph of maximum values for all sites. The maximum 

response time for server is higher than all other sites. It is due to workload it has due to 

the processing of requests from all other sites. 
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6.10.1.3 Frequency Combination for Centralized database 

 

Frequency Combination Statistics for Centralized Database 

 

Scenarios Min Value Avg. Value Max Value Weighted Avg. 

Scenario 1 23 28.3 42 25.65 

Scenario 2 23 29.64 53 25.35 

Scenario 3 24 30.07 59 26.39 

Scenario 4 24 30.17 62 26.41 

Scenario 5 24 30.26 78 26.2 

Scenario 6 25 31.28 85 26.35 

Scenario 7 24 26.89 43 25.85 

Table 9: frequency combinations for centralized database 

Table 9 shows seven scenarios used to measure the response time of a set of queries. 

Four queries (normal call, refill, balance inquiry and SMS charge) are used in these 

scenarios. The values given in table 9 show the response time values for a complete set of 

queries used in these scenarios. Normal call query performs both read and write 

operations. The purpose of these scenarios is to find the impact on the response time if we 

increase the ratio of normal call to the total. The detail of these scenarios is given in Table 

12. The last column of Table 9 is calculated using average values given in Table 5 and 

scenarios given in Table 12. Average values were taken from Table 5, then they were 

multiplied with the ratio of each query used in the scenarios and average was calculated. 
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Figure 12: frequency combinations for centralized database 

Figure 12 is based on the values in Table 9. The response time for first six scenarios 

has been increased. This increase is due to the increase in the ratio of the normal call 

queries. In the last scenario we experience a decrease in the response time which is due to 

the decrease in the ratio of normal call queries. 

6.11 Database Fragmentation and Distribution 
 

We have discussed fragmentation and its types i.e. vertical and horizontal 

fragmentations, in section 4.5. Vertical fragmentation is useful for a database which has 

tables with a large number of columns and applications running on that database do not 

access the complete rows of a table. Horizontal fragmentation is however, very useful 

when your applications access the complete row of a table and you do not have too much 
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columns in the tables. For Ericsson horizontal fragmentation is suitable as their tables do 

not have much columns but number of the rows are in thousands. So, for our experiment 

we chose horizontal fragmentation. 

6.11.1 Information requirements for horizontal fragmentation 
 

Two types of information are required for fragmentation and their detail is given in 

the following section. 

 

Database information 

For the purpose of distribution it is important to know about the database schema. 

Prior to fragmentation, database relation should be well studied. It is equally important to 

note how database relations are connected to one another and how joins are made [11]. 

In our database, we have two tables; subscriber and account and they are connected in 

the following way. 

 

Subscriber 

 

 

 

                                                     1 

 

                                                                                                  
                  Account                             ∞ 

 

 

 

 

 

Subscriber and account table has one-to-many relationship. Each subscriber may have 

one or more than one records in the account table. The relation at the tail (subscriber) of a 

link is called the „owner‟ while the other at the head (account) is called the „member‟ 

[52]. 

 

Application information 

For fragmentation it is fundamental to get the information about the predicates used in 

user‟s queries. For this purpose information about queries performed by every application 

is required. However, if it is not possible, important applications queries should be 

analyzed at least. Wiederhold suggested 80/20 rule for this purpose. It implies that “the 

most active 20% user’s queries account for 80% of the total data access” [51]. 

In Ericsson‟s case it is only one application that is performing operations on the 

database. Information about the queries has been discussed in section 5.6. 

6.11.2 Fragmentation criteria 
 

Fragmentation is done using some specific column(s) of the given tables. It depends 

upon the user access patterns. Fragmentation is always started with the owner table. In the 

Ericsson database model subscriber is the owner table. After studying the data access 

pattern we found two columns suitable to be used for fragmentation: location and tariff 

structure. They have five locations and five sites for the experimentation purposes. So we 

can fragment this table into five fragments. The column „tariff_structure‟ was used to 

further divide the fragment into sub-fragments. It will improve the response time as it is a 

sort of optimization. For the purpose of fragmentation we used two algorithms: 

COM_MIN algorithm and PHORIZONTAL algorithm. These algorithms are given in 

Subscriber_id, net_id, status, language, subscriber_param1, subscriber_param2, 

subscriber_param3, Announcement_Date, location, tariff_structure 

Account_id, subscriber_id, account_type, 

units, unit_type, account_lower_limit 
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Appendix A. Same procedure was repeated for the fragmentation of the member table 

(account). 

6.11.3 Distribution 
After the fragmentation we had 20 fragments in total. These fragments carried the 

same relationship and dependencies as we had in the given database and they were 

interconnected. Four fragments (two for subscriber and two for account table) were put on 

each of the five sites. Each site had almost the same amount of data (5500 to 6500 records 

in four fragments). 

6.12 Distributed database prototype(s)  
 

Figure 13 shows the interface designed to fetch data from different sites in the 

distributed environment. After the fragmentation, data was put on five different sites. We 

developed five different interfaces to be operated on these five sites. The combo box 

named „select a query‟ is used to select a query to be executed. Tariff structure, net_id 

and location are the basic criteria used to locate a particular record. Location has two 

possibilities: single location and multi-location. You can select any of the given locations 

to search the data. In case of selecting multiple locations, the record will be searched on 

every selected location. Searching is always started at the local database and then it 

moves to other selected locations. If requested record is found, the execution is stopped 

immediately and the result is displayed. 

Frequency combination combo box shows seven different combinations between 

normal call, refill, balance inquiry and SMS charge queries. Its purpose is basically to 

study the impact on the response time in case of changing their proportions. Loop value 

text box is used to enter number of requests to be executed for a particular query. 

Minimum, maximum and average time fields are used to display the respective response 

times of the requested queries. 

 

 

 
 Figure 13: Distributed database prototypes model  
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6.13 Test Execution for distributed database 
 

The purpose of this execution is to get the values for minimum, maximum and 

average response time. These values are collected both for local access and foreign access 

of data. In local case every site performs operations in its own database and response time 

for that particular site is taken. However, in foreign access case each site may access data 

from one or more other sites. So, the response time for all sites used to fetch a particular 

set of data is taken. In both cases all sites are performing operations at the same time. In 

addition to the procedure for the centralized database, tariff structure and location has 

been added as the searching criteria in distributed environment. The response time is 

taken in milliseconds and it includes only the query processing time on a particular site. 

No communication time is added in the response time since; we did not consider network 

speed or bandwidth etc. 

6.14 Results for Distributed database 
This section shows the results of response time of queries mentioned above in 

distributed databases environment. 

6.14.1 Distributed Database Statistics 
 

Response time Statistics for all sites 
 (Milliseconds) 

 Local Access Foreign Access 

Queries Min Avg. Max Min Avg. Max 

Normal Call 2.4 4.3 31 3.4 6.7 47.8 

Refill 1.8 3.3 23.4 2.6 5.9 33.2 

Balance Inquiry 1 1.65 15.2 1.6 2.5 26 

Change language 1.2 2.05 17.4 2 3.6 27 

SMS-Charge 1.4 2.15 21 2 2.9 28 

Pre-activation 1 1.65 16.4 1.6 2.4 21.4 

Table 10: Statistics for local and foreign access (for all sites) 

 

Table 10 gives the details of the response time for different queries in local and 

remote access of data. These values are averages of the values for all sites that we took 

during the experiment. Since all sites showed almost the same behavior so instead of 

taking separate table for each site, we summed them into one table. We tried to calculate 

the ratios of difference in local and foreign response time in the distributed environment. 

Considering Table 10, we calculated that roughly there is an increase of 1.55 times if we 

move from local to remote access in distributed database. 



  40 

 
Figure 14: Local and Foreign Access Statistics 

 

Figure 14 shows the comparison of the response time values of local and remote data 

access in distributed databases environment. We experienced sufficient increase in the 

response time when data is collected from a remote site. This increase is primarily 

because of the communication time and communication delays caused due to the remote 

access of data. It shows that though the response time is decreased in case of data 

distribution because data distribution provides local access and load balancing. But in 

case where data is not local, the response time becomes higher due to the communication 

to remote sites. 

 

 

Frequency Combination Statistics for distributed database 

 

Scenarios Min Value Avg. Value Max Value Weighted Avg. 

Scenario 1 2 4.4 24 2.5 

Scenario 2 2 4.89 25 2.7 

Scenario 3 2 5.65 45 3 

Scenario 4 2 6.4 59 3.2 

Scenario 5 3 7.01 84 3.7 

Scenario 6 3 7.646 93 4 

Scenario 7 1 3.34 26 3.1 

Table 11: Frequency Statistics 

 

Table 11 shows the response time values for different scenarios used. Each scenario 

has four queries i.e. normal call, refill, balance inquiry and SMS charge. The purpose of 

finding the response time of these scenarios is to find out the expected change in the 

response time in case of changing the proportions of different queries. Scenario 1 shows 

the estimated combination currently running in Ericsson. Other scenarios are assumed to 

check the change in the response time due to possible future change in customer‟s trends. 

The last column of Table 11 is calculated by taking average values from Table 10 (local 

access). 
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Percentage of Combinations 

 

Query N. Call% Refill% B. Inquiry% SMS% 

Scenario 1 15 2 8 75 

Scenario 2 25 2 8 65 

Scenario 3 35 4 6 55 

Scenario 4 50 6 4 40 

Scenario 5 70 2 8 20 

Scenario 6 85 2 8 5 

Scenario 7 5 5 5 85 

Table 12: Percentage Combination 

 

Table 12 shows the combination of four queries for different scenarios. Normal call 

and SMS charge queries form the major part of the combination so; their values are 

changed most frequently. Since normal call query takes the highest response time so, 

Ericsson is interested specially to know the impact of its changing ratios on the response 

time. 

Figure 15 shows the graph based on Table 11. We observe a gradual increase in the 

average and maximum response time from scenario 1 to scenario 6. The reason for this 

increase is the increase in normal call ratios in the scenarios used. The ratio of normal call 

increases from 15% to 85%. Resultantly the response time has been increased. However, 

we can see a sudden decrease in the average and maximum response time for scenario 7.   

 

 
Figure 15: Frequency Combination Statistics 

 

This decrease is due to the decrease in the ratio of normal call requests. The ratio of 

normal call for this scenario has been decreased from 85% to 5% which caused the 

decrease in the response time. The graph shows that an increase in the ratio of normal 

calls in Ericsson will increase the overall response time of their system. 
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Foreign Access Ratio 

 

Query Min Value Avg. Value Max Value 

Scenario A 7 12.014 28 

Scenario B 11 28.37 39 

Scenario C 12 40.894 57 

Scenario D 17 48.68 88 

Table 13: Foreign Access Ratio 

 

 

Access Percentage 

 

Query Local% Foreign% 

Scenario A 55 45 

Scenario B 41 59 

Scenario C 35 65 

Scenario D 33 67 

Table 14: Foreign Access Ratio 

 

 
Figure 16: Local to Foreign Access Ratio 

 

Table 13 gives the response time values for various scenarios used. Details for these 

scenarios are given in Table 14. These scenarios were used in case of selecting multi 

location radio button given in the prototype used for distributed database. Figure 16 

shows that radio button „multi location‟ is selected. In case of multi location site first 

searches the local database and then goes to the other sites. Since we have five sites in 

total, so, each site has a probability of having 20% of data. Values for the local and 

foreign access ratio have been calculated in Table 14. The main purpose of these 

scenarios is to study the impact of changing foreign access ratio on the response time. 
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Foreign Access Ration Statistics
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Figure 17: Foreign Access Ratio Statistics 

 

The graph given in Figure 17 shows the behavior of the response time for different 

combinations of local and foreign data access. In case of increasing the ratio of remote 

data access we experience a huge increase in the average and maximum response time. 

However, there is a little and gradual increase in the minimum response time. The 

response time has been increased because the site accessed the data from a remote site. 

So, communication time and processing at the remote site increased the response time. 

6.15 Comparison of Centralized and Distributed Databases 

Response Time Statistics 
 

In this section we have compared the results from centralized and distributed 

databases and discussed the behavior of the response time. 

6.15.1 Comparison of minimum response time values 
Table 15 shows minimum response time values for centralized and distributed 

databases. 

 

Comparison between Centralized and Distributed database 

Query Centralized Min. Value Distributed Min. Value 

Normal call 25 2.4 

Refill 25.75 1.8 

Balance Inquiry 19.25 1 

Change Language 2 1.2 

SMS-Charge 24 1.4 

Pre-activation 3 1 

Subscriber list / subscriber 
group 1 33 
Subscriber/subscriber group 37 62 

Units/subscriber group* 524 513 

Table 15: Minimum values for centralized and distributed databases 
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centralized & distributed database comparison  (min. time)
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Figure 18: minimum response time for centralized and distributed database 

 

Graph in Figure 18 shows the comparison of minimum values of all queries in the 

centralized and distributed environment. We can see that the values for the distributed 

environment are less (except for last two queries). The reason for this decrease is that in 

distributed databases data is local to the sites and index table is short as compared to the 

centralized databases. However, response time values have been increased for last two 

queries (scan queries). Since these queries fetch data from all sites, so communication 

time contribute to increase their response time. 

One important thing to note is that the response time for change language and pre-

activation are almost the same for both environments. Since these queries fetch data from 

one table only and they update only one column of a small data set which is almost the 

same for both environments. So, there are no big variations in their response time in the 

two environments. 

 

 

6.15.2 Comparison of maximum values 
 

 

Comparison between Centralized and Distributed database 

Query Centralized Max. Value Distributed Max. 

Value 

Normal call 57.75 31 

Refill 81.5 23.4 

Balance Inquiry 38.75 15.2 

Change Language 24.5 17.4 

SMS-Charge 50.25 21 

Pre-activation 44 16.4 

Subscriber list / subscriber 
group 5 39 
Subscriber/subscriber group 50.5 67 

Units/subscriber group* 578 591 

Table 16: Maximum values for centralized and distributed databases 
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Comparison of centralized and distributed database (Max. time)
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Figure 19: maximum values for centralized and distributed database 

 

Figure 19 is about the maximum values of all queries for both environments. Except 

for last two queries (scan queries) response time for queries in the centralized 

environment is greater than distributed environment. Scan queries generate reports by 

gathering data from all sites and they get data from all remote sites as well. So, their 

response time is greater in distributed environment. However, in centralized environment 

all data is at one place so data searching is fast for this query and hence response time is 

less for these particular queries. 

6.15.3 Comparison of average values 
 

Comparison between Centralized and Distributed database 

Query Centralized Avg. Value Distributed Avg. Value 

Normal call 27 4.3 

Refill 28 3.3 

Balance Inquiry 20.5 1.65 

Change Language 3 2.05 

SMS-Charge 26 2.15 

Pre-activation 4 1.65 

Subscriber list / subscriber 
group 1.2 36.25 
Subscriber/subscriber group 37.8 63 

Units/subscriber group* 526 559.25 

Table 17: Average values for centralized and distributed databases 

 

Table 17 describes the average values of all queries used in the centralized and the 

distributed environment. 
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Centralized and distributed database comparison (Average time)
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Figure 20: average values for centralized and distributed database 

 

Graphs in Figure 18 and Figure 20 are almost identical. Graph in Figure 20 shows that 

average values for distributed database are less than centralized environment. Since in 

distributed databases data is kept local to the site where it is needed, so response time is 

very good. However, in case of remote access in distributed environment, response time 

has been increased.  

 

Frequency Combination in Centralized and Distributed database 

Scenarios Centralized Avg. Value Distributed Avg. Value 

Scenario 1 28.3 4.4 

Scenario 2 29.64 4.89 

Scenario 3 30.07 5.65 

Scenario 4 30.17 6.4 

Scenario 5 30.26 7.01 

Scenario 6 31.28 7.646 

Scenario 7 26.89 3.34 

Table 18: Frequency combination for centralized and distributed databases 
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Figure 21: comparison of frequency combinations in centralized and distributed 

database 

 

The graph in Figure 21 shows the average values of different scenarios used in 

centralized and distributed databases. Their increasing pattern is almost the same. 

However, average response time in centralized database is more than distributed database. 

The data is accumulated at one place in centralized database, so it takes long to process a 

query. Moreover, data index tables are large to search. 

6.15.4 Comparison of average values between Centralized and 

Fragmented database 
 

Table 19 gives the values of response time for centralized and fragmented databases. 

Important thing to consider is that the database is just fragmented and not distributed. 

Both databases are kept on single computer. The purpose of this comparison is to 

differentiate between the response times of fragmentation and distribution. 

 

 

Centralized and Fragmented average response time (ms) 

Query 

Centralized avg. 

value 

Fragmented avg. 

value 

Normal Call 27 21.5 

Refill 28 16.5 

Balance 

Inquiry 20.5 8.25 

Change 

Language 3 10.25 

SMS Charge 26 10.75 

Pre-Activation 4 8.25 

Table 19: Comparison of average values between Centralized and Fragmented 

database 
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 Figure 22: Comparison of average values between Centralized and Fragmented 

database 

 

The graph, given in figure 22 shows that the response time is decreased in case of 

fragmentation. So, the response time can be decreases only by fragmenting the database. 

Fragments are shorter as compared to the whole database so their index tables are short 

which make data searching fast. However, in case of „change language‟ and „pre 

activation‟ queries we experience a slight increase in the response time which is due to 

their increased look up. 
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7 CONCLUSION 

7.1 Conclusion  
 

Our experiment showed that the average response time is decreased if we switch from 

centralized database to distributed database. In distribution we put the data to the site 

where it is used most frequently. This locality of data reduces the response time. Another 

major factor which reduces the response time is the index table (each site contains around 

6000 records). In the distributed database, data is fragmented. These fragments are short 

compared to the full database (centralized database contains 30.000 records). Their short 

index tables make searching very fast. 

 

However, when we need data from multiple sites for a query (report queries), the 

response time is increased. Accessing data from multiple remote sites and then joining 

those takes long time. But in the centralized database since data is at one place so, it is 

easy and fast to search it. Experiment results confirm alternative hypothesis H1 which 

states that the response time in the distributed databases decreases. 

 

The purpose of conducting this study is to know the impact on the response time while 

moving from centralized to distributed databases. In order to meet the objective of our 

study we set four research questions and they are discussed below. 

 

RQ1: Which strategy is suitable for database fragmentation? 

Answer: The purpose of this question is to find a suitable strategy for database 

fragmentation. During literature review we found that horizontal fragmentation is suitable 

for Ericsson database model. It is suitable when you have small number of attributes but 

large number of rows. Ericsson meets this requirement, so we chose horizontal 

fragmentation. For fragmentation we used COM_MIN and PHORIZONTAL algorithms. 

They are given in Appendix A. Detailed discussion is given in section 5.11. 

 

RQ2: What issues may affect the response time in distributed database 

environment? 

Answer: This research question is aimed at finding issues related to the response time. 

During our literature review we found many issues related to the response time. However, 

issues specifically important for the response time are concurrency control, query 

processing and optimization, data allocation and fragmentation. Further details are given 

in Chapter 4.  

 

RQ3: How response time will be affected after fragmentation and data 

distribution? 

Answer: This question addresses the difference between response times in centralized 

and distributed databases. To answer this research question, prototypes were developed 

for both type of databases, and experiment was performed. Experiment results are 

discussed in Chapter 5. We found that the response time is decreased in distributed 

databases. Because, due to fragmentation data set for single site contains less records than 

centralized database, so response time is less. Detail is given in section 5.12. 

 

RQ4: what will be the impact on the response time when acquired data is not 

locally present? 

Answer: The aim of this research question is to study the impact on the response time 

if requested data is not locally present. Results show that the response times for foreign 

access is increased as compared to the local assess in distributed databases. This increase 
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in the response time is roughly 1.55 times of the local response time for local access in 

distributed databases. However, this response time is still less than the foreign response 

time in the centralized database.  

 

One important thing to note is that in the distributed environment, if any query 

accesses data remotely from all sites (five sites in our experiment), then the response time 

is greater than centralized database response time. It is because of the sequential search. 

The required data is first searched at the local site and then the search is done on the other 

sites. The response time can further be improved if search is parallel. 

 

Distributed databases have many aspects and every organization has certain 

preferences. For the telecom sector, the response time is prioritized. The applicability of 

this work to general organizations depends upon their preferences. Our results show that 

the idea of distributed databases is very suitable for organizations who handle huge 

amounts of data and they are largely distributed. In addition to the telecom sector, every 

organization whose major concern is the response time can be benefited from the research 

work done in this thesis. 
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8 LIMITATIONS AND FUTURE WORK 
 

As mentioned earlier that very little work is done for distributed databases in the 

telecom sector. So, to start the work especially concerning the telecom sector we started 

with a small experiment setup. The experiment was performed using 5 sites only and a 

small database. However, in a real environment a large number of sites are accessing the 

data at the same time and the database is very large. So, in future, experiments could be 

performed with large databases and increased number of sites. This study mainly focused 

on the change in the response time due to a shift towards distributed database. However, 

in our experiment we did not handle other important issues like concurrency control, 

query processing and optimization and replication. They were discussed in the literature 

review only. Considering availability in the telecom sector replication is of utmost 

importance. It should be investigated practically because apart from providing availability 

(one of the pivotal needs of telecom databases), it also acts like an alternative data backup 

strategy. 
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9 APPENDIXES 

9.1 Appendix A: Algorithms 

9.1.1 COM_MIN algorithm 
Rule 1: each relation or fragment is partitioned into at least two parts which may be 

accessed differently by at least one application. 

Algorithm        COM_MIN 

 input:    R: relation; Pr: set of simple predicates 

 output:   Pr´ : set of simple predicates 

 declare 

        F: set of minterm fragments 

 begin 

       Find a pi ϵ Pr such that pi partitions R according to Rule 1 

      Pr´← pi 

      Pr ←Pr – pi 

      F ← fi      { fi is the minterm fragment according to pi } 

      do 

begin 

    Fin a pj ϵ Pr such that pj partitions some fk of Pr´ according to Rule 1 

    Pr´ ← Pr´ U pj 

    Pr ← Pr – pj 

    F ← F U fj 

    if  ɜpk ϵ Pr´ which is non relevant then 

    begin 

       Pr´ ← Pr´ − pk 

       F ← F – fk 

    end-if 

 end-begin 

   until Pr´ is complete 

end. {COM-MIN} [11] 

 

When the COM_MIN algorithm is implemented, we can use PHORIZONTAL 

algorithm. The PHORIZONTAL algorithm is given as under: 

 

Algorithm        PHORIZONTAL 

 input:    R: relation; Pr: set of simple predicates 

 output:   M : set of minterm fragments 

 begin 

      Pr´ ←COM_MIN (R, Pr) 

      Determine the set M of minterm predicates 

      Determine the set I of implications among pi ϵ Pr´ 

      For each mi ϵ M do 

              If mi is contradictory according to I then 

                   M← M – mi 

                    End-if  

       End-for 

 End. {PHORIZONTAL} [11] 
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9.2 Appendix B: Queries 
 

 

These queries are same for both centralized and distributed database environment. 

However in distributed databases we need to mention two more conditions as well i.e. 

location and tariff structure. Queries given below are for centralized database.  

 Normal call  
 select s.subscriber_id, s.net_id, s.status, 

s.Subscriber_Param1, 

s.Subscriber_Param2,s.Subscriber_Param3, a.account_id, 

a. account_type, a.unit_type, a.units 

,a.account_lower_limit,s.subscriber_group,s.tariff_str

ucture from subscriber s, account a where 

s.subscriber_id = a.subscriber_id and  net_id = 

intial_net_id and a.account_type= account_type; 

 update account set units=new_units where 

account_id=acc_id; 

 Refill 
 select s.subscriber_id, s.status, a.account_id, 

a.account_type,a.units,a.unit_type from subscriber s, 

account a where s.subscriber_id= a.subscriber_id and 

net_id= intial_net_id and a.account_type = 

N_account_type; 

 update account set units=updated_units where 

account_id = acc_id; 

 

Update subscriber set Subscriber_Param1 = subsc_id1 

where subscriber_id= sub_id; 

 

Update subscriber set Subscriber_Param2 = subsc_id2 

where subscriber_id= sub_id; 

Update subscriber set Subscriber_Param3 = subsc_id3 

where subscriber_id=  sub_id ; 

 

 Balance Inquiry 
select 

a.units,s.status,s.language,a.account_id,a.account_typ

e,unit_type from subscriber s, account a where 

s.subscriber_id = a.subscriber_id and   

net_id = intial_net_id; 

 SMS-Charge 
        Select s.subscriber_id s_Id,s.status,a.account_id 

a_Id,a.units, a.account_type a_type, 

s.Subscriber_Group sv_group from subscriber s , 

account a where s.subscriber_id= a.subscriber_id and 

s.net_id=intial_net_id and a.account_type= 

Sms_account_type; 

  

Update account set units = actual_sms_units where 

account_id= account_id; 

 

 

 Change Language 
Select subscriber_id S_id, language,Subscriber_Group 

Sv_group from subscriber where net_id= intial_net_id; 

 

Update subscriber set language =  lang_update where 

net_id =  intial_net_id; 
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 Pre-activation 
Select subscriber_id S_id, status, Announcement_Date 

a_Date from subscriber where net_id= intial_net_id; 

 

Update subscriber set status =N_status, 

Announcement_Date=sysdate where net_id= intial_net_id; 

 

 Subscriber list/Subscriber group 
Select s.subscriber_id s_id,s.net_id n_id, 

s.Subscriber_Group Sv_group, a.account_type a_type, 

a.units, a.unit_type u_type  from subscriber s, 

account a where s.subscriber_id= a.subscriber_id and 

a.units > 10; 

 Subscriber/subscriber group 

 
Select count (subscriber_id) sub_id , Subscriber_Group 

from subscriber  group by Subscriber_Group"; 

 Units/subscriber group 
Select s.Subscriber_Group sv_C_id , sum(a.units) units 

from subscriber s , account a where s.subscriber_id = 

a.subscriber_id group by Subscriber_Group"; 
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9.3 Appendix C: Tables 

9.3.1 Centralized database Statistics (all Systems)  
The table given bellow shows the results of queries executed by all system 1000 times on server. Each query is executed for 1000 times and their 

grand total is displayed in Table 20.  

 

 Server Site 1(1134-7) Site 2(1169-7) Site 3(1168-7) Site (1138-7) 

Query Min Avg. Max Min Avg. Max Min Avg. Max Min Avg. Max Min Avg. Max 

Normal Call 
28.5 42.5 124 29.5 44 103.5 27.5 43.5 101.5 27.5 43.5 118 28.5 44.5 100 

Refill 
28.5 42.5 110.5 30.5 45 108 30 45.5 126.5 29.5 44 130.5 29.5 42.5 102 

Balance Inquiry 
20.25 32.5 47.5 22.25 32.25 143 

20.7
5 33 149.25 20.25 32.5 152.75 21.5 33.5 142.75 

Change language 
2.75 5 61 3.5 6 61.25 4 6.6 69.8 3.5 6.75 116 4 6.75 73.75 

SMS-Charge 
25.75 40 137.5 26.33 39.66 118.66 27.6 42.6 107.6 27 40.2 135 26.8 40.6 139 

Pre-activation 
3 4 42.5 3.166 4.5 46 3.66 7 63.66 3.25 6.5 51 3.33 5.33 62 

Subscriber list / 

subscriber group 1 1.2 5.33 1 2 44 1 2 8 1 2 14.33 1 2 11.33 

Subscriber/subscr

iber group 37.25 59 77.25 39.5 56.5 71.75 
39.7

5 59 81 44.75 59.25 89.75 40 59 73 

Units /subscriber 

group 621 878.25 900.75 672.5 878 903.25 647 878.75 905.25 704 879.25 905.75 626.75 878.5 911.25 

Table 20: Centralized Database Statistics with 5 systems for 1000 times 
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9.3.2 Distributed database tables for all sites 
 

Statistics of Local and foreign Access 
 

 Local Access Foreign Access 

Queries Min Avg. Max Min Avg. Max 

Normal Call 3 5 38 4 8 49 

Refill 2 3.5 19 3 6 21 

Balance Inquiry 1 1.5 15 1 2 29 

Change language 1 1.25 17 1 4 34 

SMS-Charge 1 2 16 2 3 26 

Pre-activation 1 1.5 15 1 2.5 21 

Table 21: Statistics for local and foreign access (Malmo) 

 

Statistics of Local and foreign Access 

 

 Local Access Foreign Access 

Queries Min Avg. Max Min Avg. Max 

Normal Call 2 4 36 3 6 58 

Refill 1 3.5 26 2 4.5 55 

Balance Inquiry 1 2 11 2 3 30 

Change language 1 1.5 13 2 4 27 

SMS-Charge 1 2 21 2 3 24 

Pre-activation 1 1.75 15 2 2.5 21 

Table 22: Statistics for local and foreign access (Stockholm) 

 

Statistics of Local and foreign Access 
 

 Local Access Foreign Access 

Queries Min Avg. Max Min Avg. Max 

Normal Call 2 4.5 21 3 6 43 

Refill 2 2.5 25 2 7 31 

Balance Inquiry 1 1.75 21 2 3 24 

Change language 1 2 24 3 3.5 30 

SMS-Charge 2 2.25 20 2 3 31 

Pre-activation 1 1.5 19 2 2.5 27 

Table 23: Statistics for local and foreign access (Gothenburg) 

 
Statistics of Local and foreign Access 

 

 Local Access Foreign Access 

Queries Min Avg. Max Min Avg. Max 

Normal Call 3 5 31 4 7 41 

Refill 2 4 21 3 6 21 

Balance Inquiry 1 1.5 23 1 2 23 

Change language 1 3 17 2 3.5 17 

SMS-Charge 2 2.5 21 2 3 21 

Pre-activation 1 1.5 17 1 2 17 

Table 24: Statistics for local and foreign access (Karlskrona) 
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Statistics of Local and foreign Access 

 

 Local Access Foreign Access 

Queries Min Avg. Max Min Avg. Max 

Normal Call 2 3 29 3 6.5 48 

Refill 2 3 26 3 6 38 

Balance Inquiry 1 1.5 6 2 2.5 24 

Change language 2 2.5 16 2 3 27 

SMS-Charge 1 2 27 2 2.5 38 

Pre-activation 1 2 16 2 2.5 21 

Table 25: Statistics for local and foreign access (Vaxjo) 

 

Frequency Combination Statistics 

 

Query Min Value Avg. Value Max Value 

Scenario 1 2 4.4 24 

Scenario 2 2 4.89 25 

Scenario 3 2 5.65 45 

Scenario 4 2 6.4 59 

Scenario 5 3 7.01 84 

Scenario 6 3 7.646 93 

Scenario 7 1 3.34 26 

Table 26: Frequency Statistics 

 

Percentage Combination 

 

Query N. Call Refill B. Inquiry SMS 

Scenario 1 15 2 8 75 

Scenario 2 25 2 8 65 

Scenario 3 35 4 6 55 

Scenario 4 50 6 4 40 

Scenario 5 70 2 8 20 

Scenario 6 85 2 8 5 

Scenario 7 5 5 5 85 

Table 27: Percentage Combination 

 


