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Abstract
The key idea of this paper is to present a novel method for Re-fragmentation in a Distributed Database System that ensures 
that the Database System is adaptive to the changes in access frequency patterns. Conventionally, fragmentation is done 
to reduce network transfer cost and communication costs. But with time, changing access patterns at the sites defies the 
very purpose of fragmentation. In this paper, we have presented an algorithm to maximize and maintain the efficiency 
of fragmentation in a Distributed Database System. This algorithm takes into account the change in the access patterns 
and queries; evaluates and quantifies them and performs re-fragmentation periodically according to the updated access 
frequency patterns. This helps in sustaining the efficiency of fragmentation irrespective of the changing access patterns. The 
technique used for studying the efficiency of the new algorithm was to employ the new algorithm on a sample Distributed 
Database system and compare the same with the existing conventional algorithm. The performance of a Distributed 
Database system is inversely proportional to its communication cost and execution time of queries1,2. On analysis of the 
presented algorithm, we see that the time complexity of this algorithm is linear. Also the total Network Transfer Cost is 
considerably lesser than the conventional fragmentation algorithm for Distributed Database. The algorithm presented in 
the paper is applicable to all Distributed Database systems, which have changing access frequency patterns.

1.  Introduction
In the present scenario of multinational corporations 
and global business environment, handling large 
amount of data at one centralized location becomes 
tedious and inefficient. This calls for an imminent need 
for a Distributed Database System by fragmenting the 
database3. Fragmentation in its essence is the partitioning 
of database into disjoint, non-overlapping fragments4,5. 
The process of assigning these fragments to the sites of 
a distributed network is called Allocation3,4. The basic 
advantage of fragmentation is 

Optimization7,8 i.e., reduced storage costs, access 
costs and network transfer cost5,9. In addition to this, 

fragmentation increases the degree of concurrency 
allowing transactions to execute in parallel. Besides, 
enhanced database security is assured, as data that is 
not used at a site is not stored at that site allowing access 
privileges for sensitive data to be restricted to certain users 
only. The initial fragmentation in a Distributed Database 
System is based on the access frequencies of queries 
entered at the user sites. But as time progresses and user 
requirement changes, the present set of access frequencies 
can get outdated. When queries frequently need to access 
fragments that are not local to a site, it results in increased 
network transfer cost, thereby degrading the performance 
of the Distributed Database System. This necessitates 
the need for Re-Fragmentation2,10. This paper proposes 
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an efficient algorithm to perform Re-fragmentation 
that takes into account the changing patterns of access 
frequencies at the various sites in a Distributed Database 
System.

2.  Proposed Algorithm
An algorithm to re-fragment a Distributed Database 
System is explained in this paper. The database is 
initially fragmented and stored at several sites based 
on the initial access frequencies11,12. Each fragment has 
a unique fragment identifier or ID associated with it. A 
data directory stored at a central site stores this fragment 
identifier, the set of conditions on the attributes used for 
fragmentation and the site at which each fragment is 
present. 

For every site, we have two m*3 matrices where ‘m’ 
stands for the number of fragments. The two matrices are:

•	 Local Access Frequency (LAF) matrix M1 that stores 
the local fragments’ ID, the corresponding access fre-
quency and a pseudo-bit and

•	 Non-Local Access Frequency (NLAF) matrix M2 that 
stores the ID of fragments that are not present at its 
local site, the corresponding access frequency and a 
pseudo bit. 

The idea of Re-fragmentation is to periodically check 
whether the fragmentation is still efficient and that it does 
not increase the network transfer cost.

Every time a local fragment is accessed, the LAF 
matrix is updated by incrementing the access frequency 
while every time a site accesses a fragment that is not 
present at that site; the NLAF matrix at the site is updated. 
These values will be reset after every time period T1 
(where time period TI can be initialized by the database 
administrator). 

The system waits for 40% of the queries to be executed 
or for time period T2 (where time period T2 can be 
initialized by the database administrator), whichever 
occurs earlier and then the two matrices M1 and M2 are 
checked. The following four possibilities arise:

•	 In the LAF matrix, if the access frequency value of one 
or more fragments is less than a predefined threshold 
value (which may vary from scenario to scenario and 
is initialized by the database administrator), then the 
corresponding pseudo-bit is decremented by 1. After 
that, for every time period T2, if the access frequency 

for some or all of those fragments is again found to be 
less than the threshold value, then the corresponding 
pseudo bits for those fragments that are less than or 
equal to 0 are decremented by 1.

•	 In the LAF matrix, if the access frequency of a frag-
ment is more than the predefined threshold value, the 
corresponding pseudo-bit remains unchanged.

•	 In the NLAF matrix, if the access frequency of one or 
more fragments is greater than a predefined threshold 
value, then the corresponding pseudo- bit is incre-
mented by 1. After that, for every time period T2, if the 
access frequency of some or all of those fragments is 
again found to be greater than the predefined thresh-
old value, then the corresponding pseudo bits that are 
greater than or equal to 0 are incremented by 1.

•	 In the NLAF matrix, if the access frequency of the 
fragments is less than the threshold value, the corre-
sponding pseudo- bits remain unchanged.

In addition to the above periodic system check, if the 
system gets overloaded at any point of time, i.e. the total 
size of the fragments stored at a site becomes more than 
half the storage space available at that site; then the local 
access frequency matrix at that site is checked. If there are 
fragments with pseudo-bits less than 0, then it is checked 
whether any of the sites has pseudo-bits greater than 0 for 
the same fragment in its NLAF matrix. Three possibilities 
arise here:

•	 If a single match is found then the fragment is trans-
ferred from its current site to the site with pseudo-bit 
greater than 0 in the NLAF matrix. 

•	 If multiple matches are found, then the site with the 
highest pseudo-bit in the NLAF matrix is chosen as 
the receiving site.

•	 If there are two sites with the same value of pseudo-bit 
in the NLAF matrix, then the fragment can be trans-
ferred to either of them.

The above procedure is repeated at all the sites. The 
flowchart in Figure 1 explains the algorithm.

3.  Illustrative Example
Let us consider a simple database with the following 
relations:

Emp [Eno, Ename, Deptno] as shown in Table 1
Dept [Dno, Dname, Dloc] as shown in Table 2
The fragmentation is based on the following clauses:
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Fragment 1 stores the Emp and Dept tuples 
corresponding to the query Q1:

SELECT * from Emp, Dept WHERE Eno <=3 AND 
Dloc=”London”

Fragment 2 stores the Emp and Dept tuples 
corresponding to the query Q2:

SELECT * from Emp, Dept WHERE Eno BETWEEN 4 
AND 6 AND Dloc=”Japan”

Fragment 3 stores the Emp and Dept tuples 
corresponding to the query Q3:

SELECT * from Emp, Dept WHERE Eno BETWEEN 7 
AND 9 AND Dloc=”Australia”

Fragment 4 stores the Emp and Dept tuples 
corresponding to the query Q4:

SELECT * from Emp, Dept WHERE Eno BETWEEN 
10 AND 12 AND Dloc=”Malaysia”

Fragment 5 stores the Emp and Dept tuples 
corresponding to the query Q5:

SELECT * from Emp, Dept WHERE Eno >=13 AND 
Dloc=”Hyderabad”

It is assumed that there are 3 sites S1, S2 and S3. 
At S1, tuples corresponding to the fragment 1 and 

fragment 2 are stored as shown in Table 3 and Table 4 
respectively.

Table 3.  Fragment 1
ENO ENAME DEPTNO DNAME LOC

1 Alice 1 Research London
2 Joe 1 Research London
3 Bob 1 Research London

Table 4.  Fragment 2

ENO ENAME DEPTNO DNAME LOC
4 Jimmy 2 Finance Japan
5 Elena 2 Finance Japan
6 George 2 Finance Japan

At S2, tuples corresponding to the fragment 3 and 
fragment 4 are stored as shown in Table 5 and Table 6 
respectively.

Table 5.  Fragment 3

ENO ENAME DEPTNO DNAME LOC
7 Alex 3 Testing Australia
8 Patrick 3 Testing Australia
9 Albert 3 Testing Australia

Table 6.  Fragment 4

ENO ENAME DEPTNO DNAME LOC
10 Denny 4 Purchase Malaysia
11 Veronica 4 Purchase Malaysia
12 Daisy 4 Purchase Malaysia

At S3, tuples corresponding to the fragment 5 are 
stored as shown in Table 7.

Table 7.  Fragment 5

ENO ENAME DEPTNO DNAME LOC
13 Harriet 5 Sales Hyderabad
14 Tom 5 Sales Hyderabad
15 Sophie 5 Sales Hyderabad

Initially, all the local and non-local access frequency 
matrices are initialized with the fragment ID, their 
corresponding access frequencies and the pseudo bits 

Table 1.  EMP Table

ENO ENAME DEPTNO
1 Alice 1
2 Joe 1
3 Bob 1
4 Jimmy 2
5 Elena 2
6 George 2
7 Alex 3
8 Patrick 3
9 Albert 3

10 Denny 4
11 Veronica 4
12 Daisy 4
13 Harriet 5
14 Tom 5
15 Sophie 5

Table 2.  Dept Table

DNO DNAME DLOC
1 Research London
2 Finance Japan

3 Testing Australia
4 Purchase Malaysia

5 Sales Hyderabad



A New Approach to Re-Fragment in a Distributed Database Environment

Indian Journal of Science and TechnologyVol 9 (3) | January 2016 | www.indjst.org 4

(initialized to zero). Each fragment is allocated to one site 
only. However, a site may have more than one fragment.

Let us consider the predefined threshold to be equal to 
10. As mentioned in the algorithm, the central directory 
stores the fragment details, which include the fragment 
id, the set of predicates, which define the fragment and 
the site which stores the fragment. 

The central directory initially stores the data in Table 8.

Table 8.  Initial central data directory

Fragment id Site no Predicate set

1 2 Eno <=3 and Dloc=”London”
2 1 Eno >3 and Eno<=6 and 

Dloc=”Japan”
3 2 Eno >6and Eno<=9 and 

Dloc=”Australia”
4 3 Eno >9 and Eno<=12 and 

Dloc=”Malaysia”
5 1 Eno >13 and Dloc=”Hyderabad”

After time period T2 or when 40 % of the queries 
are executed, let us assume that the matrices have the 
following values:

At S1, the local and non-local access frequency 
matrices are as follows:
LAF:

	

1 8 4
2 12 0

-é ù
ê ú
ê úë û 	

NLAF:

	

3 7 0
4 6 6
5 15 7

é ù
ê ú
ê ú
ê ú
ê úê úë û 	

At S2, the local and non-local access frequency 
matrices are as follows:
LAF:

	

3 11 0
4 6 3
é ù
ê ú
ê ú-ë û 	

Figure 1.  Flow chart of the proposed algorithm.
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NLAF:

	

1 14 3
2 6 0
5 13 2

é ù
ê ú
ê ú
ê ú
ê úê úë û 	

At S3, the local and non-local access frequency 
matrices are as follows:
LAF:

	 5 4 2é ù-ë û 	
NLAF:

	

1 4 0
2 16 4
3 7 0
4 15 6

é ù
ê ú
ê ú
ê ú
ê ú
ê ú
ê ú
ë û 	

The check on site S1is started.
The pseudo bit of fragment 1 in the LAF matrix at site 

1 is -4 [<0]. So, all the sites are checked one by one to 
find the site where the pseudo bit of fragment 1 in NLAF 
matrix is >0. Such a match is found at site 2.Thus fragment 
1 is transferred from site 1 to site 2.

The pseudo bit of fragment 2 in the LAF matrix at site 
1 is 0. Hence, no further checking is done.

Now, proceeding to site 2: 
The pseudo bit of fragment 3 in the LAF matrix at site 

2 is 0. Hence, no further checking is done.
The pseudo bit of fragment 4 in the LAF matrix at site 

2 is  -3 [<0]. So, all the sites are checked to find where 
the pseudo bit of fragment 4 in NLAF matrix is >0.Such 
a match is found at sites 3 and 1.The pseudo bit value 
at both sites is the same. Thus fragment 4 is transferred 
from site 2 to either site 3 or 1. Let us assume that it is 
transferred to site 3.

Now, proceeding to site 3: 
The pseudo bit of fragment 5 in the LAF matrix at site 

3 is -2 [<0]. So, all the sites are checked to find out where 
the pseudo bit of fragment 5 in NLAF matrix is >0.Such 
a match is found at sites 1 and 2. Now, the pseudo bits in 
the NLAF matrices at sites 1 and 2 are compared. Site 1 
has a greater value of the pseudo-bit. Thus fragment 5 is 
transferred from site 3 to site 1.

Thus the final distribution after re-fragmentation is as 
under:

Site 1 has the fragments 2 and 5
Site 2 has the fragments 1 and 3.

Site 3 has the fragment 4.
The same procedure repeats periodically after a set 

time interval T.
The central data directory is updated as given in  

Table 9.

Table 9.  Updated central data directory 

Fragment id Site no Predicate set

1 1 Eno <=3 and Dloc=”London”

2 1 Eno >3 and Eno<=6 and 
Dloc=”Japan”

3 2 Eno >6and Eno<=9 and 
Dloc=”Australia”

4 2 Eno >9 and Eno<=12 and 
Dloc=”Malaysia”

5 3 Eno >=13 and 
Dloc=”Hyderabad”

4. Analysis of the Algorithm
The complexity analysis of the proposed algorithm is 
given as under:

Let us assume we have K sites, and N fragments in a 
Distributed Database System.

4.1 � Time Complexity of Construction and 
Initialization of LAF, NLAF at each site 
and the Central Data Directory

The LAF and NLAF matrices are implemented using 
Hash Tables at every site. The Fragment-id is taken as the 
key and the pair of access frequency and Pseudo-bit as 
the value.

At each site, inserting the details of all the N fragments 
into the Hash Tables (Local Access Frequency matrix and 
Non-local access frequency matrix) will require O(N) 
time where ‘N’ is the total number of fragments.

The central Data Directory is also implemented using 
a Hash Table. Hence, the time complexity of construction 
of this Hash Table will also be O(N) where ‘N’ is the total 
number of fragments.

4.2 � Time Complexity of Periodic Update 
of Pseudo-Bits in the LAF and NLAF 
Matrices at each site

At every site, each fragment’s access frequency is compared 
with the predefined threshold frequency. Based on this 
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comparison, the pseudo bit is changed in accordance with 
the algorithm.

Hence, complexity of periodically updating the 
pseudo-bits will be O(N) where ‘N’ is the total number of 
fragments at each site.

4.3 � Time Complexity of Transferring 
Fragments from one Site to Another

Assuming there are Y fragments present at a site, the 
number of fragments in the LAF matrix will be Y. The 
pseudo-bits of all the Y fragments will be checked, which 
takes O(Y) time.

If the pseudo-bit of one or more fragments is found to 
be less than 0, then the NLAF matrix at each site will be 
checked. This takes O(K *(N-Y)) time, if (N-Y) fragments 
are assumed to be present at each site in the NLAF Hash 
Table. 

The time complexity of the algorithm is shown in the 
Figure 2. The x-axis represents the time (in minutes) 
while the y-axis represents the number of fragments (in 
unit numbers). A linear relationship is seen between the 
two; thereby the algorithm has linear time complexity.

Once, the match is found for transfer (according to the 
algorithm), the particular fragment is transferred. Let the 
Network Transfer Cost per transfer be C.

After the transfer is complete, the Central Data 
Directory needs to be updated. This will take O(P) time, 
assuming P is the number of transfers. Therefore, the 
following two equations are obtained:

	 T(N) = O(Y) + O(K∗(N-Y)) +O(P)	 (1)

	 C total = C∗P	 (2)

where T(N) is the Total time Complexity of transferring 
fragments from one site to another,

C total is the Total Network transfer cost,
Y is the number of fragments at a site,

K is the number of sites,
N is the total number of fragments in the Distributed 

Database System,
P is the number of transfers and
C is the Network Transfer cost per transfer

Figure 3.  Total network transfer cost as a function of unit 
network transfer cost and number of fragments.

In Figure 3, x axis represents the number of fragments 
(in unit numbers), y axis represents the Unit Network 
Transfer Cost and z axis represents the Total Network 
Transfer Cost. Hence, we see that the time complexity 
of this algorithm is linear. We see that the total Network 
Transfer Cost in this case is considerably lesser than the 
scenario where the fragmentation becomes unusable with 
time and thus increases the network cost tremendously.

5.  Conclusion 
In this paper, an idea to maximize and maintain the 
efficiency of fragmentation has been presented. The 
basic purpose of fragmentation is to reduce the transfer 
and communication costs. However, after a certain time 
period, the access patterns and queries by the sites might 
not remain the same. The old patterns thus become 
ineffectual which in turn increases the communication 
cost that defies the whole purpose of fragmentation itself. 
Thus, by taking into account the updated access patterns 
and queries, the database is re-fragmented periodically 
according to the latest users’ site requirements. This 
sustains the efficiency of fragmentation irrespective of the 
changing access patterns.

Table 10 shows the comparison of the existing 
Distributed Database systems with the proposed solution:

6.  Future Scope
In the algorithm that has been proposed in this paper, 
sthe unused fragments whose pseudo bits are negative Figure 2.  Time complexity of the algorithm.
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in the local access frequency matrix and do not have a 
demand elsewhere either (which means none of the sites 
have positive pseudo bits for the same fragment in their 
non-local access frequency matrix), continue to remain 
in the same fragment. This increases the load on the site 
(with a lot of unused fragments). A further enhancement 
to the proposed algorithm can be made by gathering all 
the fragments with negative pseudo bits into a dedicated 

central archive that stores all the unused fragments and 
is also monitored by the central data directory. If newer 
access patterns then demand for the fragments from this 
archive, it could be reallocated using the re-fragmentation 
technique proposed above. 
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