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Abstract- As many distributed database applications 

contain online information that change continuously and 

expand incrementally, comprehensive cloud Application 

Programming Interface API’s are required to monitor and 

control the accuracy of the information and data 

proliferation. This cloud software is required to monitor 

and control the accuracy of the information and data 

proliferation. This software can be viewed as integrated 

cloud computing services; data fragmentation, clustering 

network sites, and fragments Allocation that support 

transactional database applications. In this paper, we 

describe our data Fragmentation as a Service (FaaS) in 

construction of a cloud computing software system. 

Specifically, we design a novel data fragmentation as a 

service to facilitate enormous data processing, and 

introduce some functioning enhancement on data 

distribution to improve the cloud system performance. This 

research presents our attempt to implement data 

fragmentation service in a cloud computing system, with 

large scale data mining as targeted application. 
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1 Introduction 

Cloud computing is web based system development in 

which huge scalable computing services are provided to 

users over the Internet. The cloud computing system 

includes web communications, Software as a Service 

(SaaS), up-and-coming tools, and has involved extra 

attention from researchers in different technology areas. 

 

Many cloud computing providers have their data centers 

spread worldwide to maintain data availability which is 

typically achieved by replication processes. Amazon’s 

cloud simple storage service [1] replicates data across 

different geographical regions so that data and applications 

can continue even in the face of failures of their location. 

This is likely to be help in running applications on data 

warehouses, but not transactional data management 

systems [2].  

 

Yahoo [3] and Amazon [4] both implement data replication 

through PNUTS and SimpleDB cloud data services over 

distributed network sites. They designed to run analytical 

applications on data warehouses, but not for transactional 

data applications. Similarly, Google [5] implements a 

replicated database, but does not offer a complete relational 

Application Programming Interface and weakens the data 

atomicity. The cloud API is written as series of XML-based 

messages, and executed on the cloud servers to utilize 

remote web-based applications and reduce the number of 

calls between the client and the distributed servers [6].  

 

Microsoft SQL Server [7] cloud data service is 

implemented over distributed network sites. However, as it 

doesn’t apply commit protocols, the distributed system 

presents lack of data consistency. Researchers in [8] 

designed the H-Store project to minimize the number of 

transactions that access data from multiple locations. 

However, the project still in the theoretical phase, and its 

feasibility on a real world distributed database systems has 

not verified. 

 

In distributed relational database systems, the transactions 

on the applications are usually subsets of relations 

(fragments), so using these fragments and distributing them 

over the network sites increases the system throughput by 

means of parallel execution. Therefore, an efficient cloud 

API fragmentation web service is presented to access and 

manage data relationships, and enhance both the speed and 

simplicity of the distributed database functionality. This 

web service is used to retrieve raw data from the cloud data 

centers by external programs like Java applications. 

Moreover, it helps to reduce the cost of accessing data over 

distributed network sites and increases the distributed 

system performance through data allocation processes. 

 

The remainder of the paper is organized as follows: related 

work is discussed in Section 2; Section 3 describes the data 

fragmentation architecture; data fragmentation design is 

presented in Section 4; Section 5 depicts the performance 

evaluation and experimental results; and finally Section 6 

draws conclusion and outline future work. 



2 Related Work 

Various strategies have already partitioned data across 

distributed systems. There are approaches that determined 

three main partitioning categories; vertical, horizontal, and 

hybrid [9, 10]. Some have defined the vertical 

fragmentation as a process of generating data records 

fragments [11, 12, 13, 14]. Other researchers have 

addressed the necessity of horizontal fragmentation [15, 16, 

17] which make the processes of data backup and restore 

much easier. A mixed or hybrid fragmentation; vertical 

fragmentation followed by a horizontal or vice versa, has 

been covered by few researches [12,18] due to the 

intractable nature of this type of fragmentation in relational 

distributed database systems.  

 

The studies in [16] and [17] are by far the closest to our 

fragmentation method. The method in [16] considered each 

record as a fragment in the relation and large number of 

database fragments is generated, thus more communication 

costs are required fragments processing. In contrast, the 

approach in [17] used the whole relation as a fragment, not 

all records of the fragment have to be retrieved or updated, 

and a selectivity matrix that indicates the percentage of 

accessing a fragment by a transaction is considered. 

However, more redundant fragments are available, and the 

generated fragments are overlapped. 

  

A key difference between our cloud API fragmentation 

method and the others is that: it presents the minimum 

number of disjoint fragments that could be generated for 

each relation according to the queries requirements. This 

fragmentation service is designed for a cloud computing 

systems in order to reduce the communication cost over the 

cloud sites and increase the distributed system throughput. 

Moreover, the generated disjoint fragments are allocated 

then into the cloud servers where it saves more 

communication costs.  

 

3 Data Fragmentation Architecture 

In a distributed relational database systems, the 

complete database is not a suitable data unit for distribution 

because it is too big, especially when considering 

information relevant for different cloud data centers. 

Therefore, it is appropriate to develop a web application 

programming interface service, specifically FaaS, that can 

extracts the minimum number of disjoint data records 

which would be allocated to the cloud servers.  

 

The architecture of FaaS is recognized by the domain 

knowledge and three main processes; eliminating data 

redundancy, defining transactions, and fragmenting data 

records. Figure 1 describes the Data Fragmentation 

Architecture (DFA) service that will be used for generating 

data fragments, supporting the use of knowledge 

extraction, and helping to achieve the effective use of small 

fragments. 

 
The domain knowledge in DFA describes and categorizes 

the essential and representative elements of the distributed 

database systems, specifically, for the databases 

fragmentation. The purpose of the DFA domain knowledge 

is to ensure that all data elements are available and 

consistent for database fragmentation process. In addition, it 

is used to prepare data elements that are valid from one 

transaction to another, from one application to another, and 

from one database to another in distributed database 

systems. The details of this DFA are described and 

illustrated in the following section. 

 

Figure 1. Data Fragmentation Architecture 

 

4 Data Fragmentation Design 

The requested data in DFA are identified by means of 

transactions triggered as queries, which determine the 

specific information that should be extracted from the 

cloud database servers. The transactions are executed and 

result in redundant data records as two or more different 

queries may require the same data records. The redundant 

data are eliminated and the remaining data records are then 

partitioned so as to generate the minimum number of 

fragments which are neither replicated nor intersected 

(disjoint). 

  

4.1 Eliminating Data Redundancy 

Different cloud API’s are developed to get rid of data 

redundancy from the distributed cloud servers. The 

following algorithm is designed to prevent data replication, 

based on Primary Code Number PCN, from being entered 

into database application runs over cloud servers. 



Eliminating Data Redundancy Algorithm: 

 

Step1: Build a map which stores the unique list of leads 

being inserted/updated, using Primary Code 

Number as a key. 

Step2:Check for any lead where the key is inserted/updated  

Step3:If the key is a replication of another lead in this 

group, Then do steps 4 and 5 

Step4:Create a single database query, using the 

lead map, to find all the leads in the 

database that have the same key  

Step 5: Issue a non validation message  

           Else, do step 6 

Step 6:If the key is not replicated, Then  

                  Add this lead to the new lead map 

          End If 

       End If 

Step 7: End 

 

In this cloud API, all transactions are processed and the 

redundant data records are eliminated. Thus, database 

applications get more speed and so more efficient as it have 

only the required data records to be accessed, processed, 

and allocated to the distributed cloud servers. 

 

4.2 Defining Database Transactions 

The data records requested by the clients determine 

the specific information extracted from the database 

queries. Database queries are executed as transactions from 

the applications at the distributed database system sites. 

The results of the transactions are sets of data records that 

could be full intersected, partial intersected, or not 

intersected. The data set itself consists of complete records.  

Figure 2a. Defining Transactions 

Figures 2a and 2b illustrates an example of defining and 

generating different sets of data records according to the 

definition of each transaction. 

Figure 2b. Data Records Transactions 

 

In this figure, there exist a full intersection between data 

sets (4,10) over relation 3, and a partial intersection 

between data sets (1,5), (3,9), and (6,7) over relations 4, 2, 

and 1 respectively. On the other hand, there is no 

intersection between the data sets over relation 5. 

Therefore, a cloud API fragmentation method is developed, 

partitioned the database records, and generated the 

minimum number of disjoint fragments which will be 

allocated to the distributed cloud servers. The details of this 

approach are illustrated in the following section. 

 

4.3 Fragmenting Data Records 

The fragmentation process starts looking for any two 

data records over the same relation having intersection 

records between them. From any two intersected data sets, 

three disjoint fragments will be generated; the intersection 

fragment which represents the common records in both 

sets, the fragment that represents the records in the first set 

but not in the second intersected set, and the fragment that 

represents the records in the second set but not in the first 

intersected set. Then, the intersected sets are deleted from 

the data sets list. This process is continued until no more 

intersections between the data sets still exist. The 

subsequent fragmentation algorithm describes the 

processes of generating disjoint fragments from the 

intersected data records for each relation in DDBS.  

 

 



Intersected Data Fragmentation Algorithm: 

 

k ← Number of the last fragment in the database (0 at the 

beginning) 

   Repeat for all relations in the database 

      Repeat for all data records Si, Sj in each relation, 

where i  j 

          If Si    Sj  Ø 

k ← k + 1 

 Fk    ←Si  Sj 

 Fk+1 ← Si - Fk 

 Fk+2 ← Sj - Fk 

 Delete Si, Sj 

         End if 

     Until all intersected data records in each 

         relation have been processed 

  Until all relations in the database have been  

         processed 

Rename the final fragments sequentially 

 

The data records over each relation that do not have 

intersection between them are renamed as fragments and 

considered for further fragmentation process. The 

following fragmentation algorithm expresses the non-

intersected data records and adds them to the list of relation 

fragments. 

 

Non-intersected Data Fragmentation Algorithm: 

 

k ← Number of the last fragment 

Repeat for all relations in the database 

   k ← k + 1 

   Fk   ← R -  Fi  (for all fragments Fi in relation R) 

    IF  Fk   Ø Then 

    Add Fk to the collected fragments of relation R 

  End if 

Until all relations in the database have been processed 

 

The same fragmentation process is applied for any two 

intersected fragments over the same relation. This re-

fragmentation process will be continued until the 

intersection between data fragments is finished and the 

fragments are totally disjoint. Figure 3 shows an example 

of generating disjoint fragments from the data sets over 

relation 2 in a DDBS. 

 

In this figure, the data sets 1,2 over relation 2 are sharing a 

common data records 2,3,4 which is considered to be 

redundant data. The fragmentation process isolates the 

shared data records from both data sets, and generates the 

following disjoint fragments; F1 which contains the shared 

data records 2,3,4, F2 that contains the records 1,5,6,7 

which are in data set 1 but not in data set 2.  

 

As the third fragment should be generated contains the 

same data records in fragment F1, it will not be created and 

the data sets 1,2 have to be deleted. The performance 

evaluation of the fragmentation method is presented in the 

following section. 

Figure 3. Data Sets Fragmentation 

 

5 Performance Evaluation and 

Experimental Results 

The database fragmentation performance evaluation is 

based on the computation resulted from dividing the 

reduced storage size for each relation by the relation 

queries’ records size. The reduced storage size is computed 

as the difference between the size of the queries’ records 

and the size of the generated fragments of each relation in 

DDBS.  

 

The experimental results are demonstrated the usability and 

the efficiency of the cloud API fragmentation method. 

When this method is tested for 45 quires over 5 database 

relations that construct the whole database, 27 disjoint 

fragments are generated. Therefore, 18 data set records are 

omitted from the database which eliminates the data 

redundancy, saves more data storage, minimizes the 

transferred and processed data, and then increases the 

overall system performance.  

 

The fragmentation methods in [16] and [17] are 

implemented in our fragmentation method. The 

performance results of [16] and [17] are compared with our 

cloud API fragmentation method and depicted in Figure 4.  

 



Figure 4. Fragmentation Performance Evaluation  

 

It is shown in this figure that the performance 

accomplished by our approach outperforms the 

performance of the methods in comparison, and this will 

help in reducing the communication costs in data allocation 

phase. 

 

6 Conclusions 

Data fragmentation is one of the primary techniques 

used in partitioning and developing cloud computing 

services for distributed database systems. This research 

discussed the efficiency, usefulness, and the performance 

improvement achieved by the API fragmentation service in 

a cloud computing system. The experimental results 

emphasized the ability of this fragmentation method to 

minimize the data processed and transferred between the 

distributed database system network sites, reduce the 

storage size by eliminating data redundancy, and present 

significant performance improvements that increase 

distributed database network system throughput.  

 

Moreover, this cloud API fragmentation approach realizes 

the optimal solution properties of data fragmentation in a 

distributed database system; the relation fragments include 

all relation records, the union of all relation fragments 

constructs the original relation, and the relation fragments 

are disjoint. In addition, it generates the minimum number 

of fragments for each relation according to the queries’ 

requirements. This will reduce the communication cost 

over distributed network sites and increase the distributed 

system performance. 

 

In a future work, the research will be focused on the 

resulted disjoint fragments as objects for distribution over 

the network sites. It should be distributed in such a way 

that satisfy the requirements of database queries and 

enhance the system performance. Therefore, developing 

web API services for a cloud computing distributed 

systems, like Clustering distributed network sites as a 

Service (CaaS) and fragments Allocation as a service 

(AaaS), have an important impact on the transactional 

database applications, and improve the distributed systems 

throughput.  
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