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ABSTRACT. Data fragmentation is one of the primary techniques that has been
used in partitioning and developing distributed database systems (DDBs).
Database partitioning technique improves the performance of the system through-
put and reduces the amount of irrelevant data to be accessed and transferred
among different sites in DDBs. We propose a technique that splits the data-
base relations into pair-wise disjoint fragments, which would be allocated to the
DDBs sites during the process of allocation. This technique reduces the data
transferred between the sites during the applications execution, minimizes the
communication cost needed for processing applications, handles the database
queries and meets their future needs, guarantees the ability of processing a
given portion of a given transaction in all sites, and improves the applications
speed and efficiency by minimizing the number of fragments to be accessed.
‘We have also developed a fragmentation tool that is interactive, full functional
and easy to use, based on our fragmentation life cycle algorithms to create the
database segments and generate the minimum number of disjoint fragments. A
case study and some results in tabular and graphical means will be presented
to demonstrate the efficiency of the method.
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1. INTRODUCTION

The design of database partitioning improves the performance of applications by
reducing the amount of irrelevant data accessed by the applications and the amount
of data transferred during applications processing [11]. Fragmentation is the process
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of partitioning the database relations into disjoint fragments and describes how each
fragment in the DDBs is derived from the global relations.

Various methods already exist describe data fragmentation in distributed DDBs.
Naturally, there are benefits and drawbacks to all schemes. Some methods need
to incorporate performance evaluation ways for merging grid cells [9, 8] or may
not minimize the transactions response time [6]. Some have an exponential time
complexity for their allocating methods [3] and [1]. Other doesn’t guarantee the
ability of all sites to process a given portion of a given query [10]. Some methods
applied on specific type of network connectivity or small number of sites [2, 7, 12].

This paper presents a method for partitioning data in a relational database into
pair-wise disjoints fragments. We propose a method to define a horizontal parti-
tioning technique that split the database relations into pair-wise disjoint fragments,
which would be allocated to the sites of DDBs during the process of allocation [6].
The records of a relation are assigned to different disjoint fragments such that union
of the disjoint fragments can obtain the relation. In this type of fragmentation, all
of the information in the record is used, or else none is.

The remainder of this paper is organized as follows. In section 2, we will define
the fragment life cycle processes. Description of our partitioning technique will be
done in section 3. A case study for our partitioning algorithm will be illustrated
in section 4. In section 5, a description of our tool support will be presented.
Performance evaluation will be done in section 6. Finally and in section 7, we will
have the conclusion.

2. THE FRAGMENT LIFE CYCLE

The fragment life cycle in the dynamical distributed database systems is identified
by four main processes; defining the database application, segmentation, fragmen-
tation, and fragment allocation. We define the fragment life cycle processes in the
following sequence:

e The sites requesting data in forms of database applications, which determine
the specific information that should be extracted from the database.

e The database segments are created to extract the records that match the
requirements of each application, the segments could have the same records
or it could be overlapped.

e The minimum number of disjoint fragments are generated from the seg-
ments, the fragments should not have intersection records.

e The disjoint fragments would be allocated to the DDBs sites requesting that
data.

Figurel describes the design of the fragment life cycle in our method.

3. DATABASE PARTITIONING

Our partitioning technique is designed to avoid allocating unnecessary records to
the fragments for a given application and reduces the amount of irrelevant data to
be accessed and transferred among different sites in the DDBs.

3.1. Defining Applications. The data that are requested by DDBs sites should
be identified by the database administrators who categorize the data into applica-
tions , set their requirements, and determine their input parameters. Table 1 shows
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an example for some applications requested by DDBs sites.

Tablel. Database Applications

Site # | Application # | Application definition
S1 Al List Of All Employees
S2 A7 Employees Who Have Major M3 At Site 2
S3 A13 Classes Of Employees At Site 3
S7 A26 Employees Who Have Classes < R4
S7 A27 Sites At Locations Between 1-11110 And L-11115
S8 A30 Employees Who Have Basic Salary > $ 3500
S9 A33 Employees Who Have Allowances > $§ 500
S10 A38 Classes Who Have Allowances < $ 450
S11 A40 Employees Who Have Major M1 At Site 11
S12 A44 List Of Sites Where Site# < 7

3.2. Creating Segments. Segmentation is the process of extracting the database
records that satisfy certain condition(s) according to the definition of each database
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application; it is necessary for generating the database fragments. SELECT, JOIN,
and SEMIJOIN relational operators [11] are used to generate the database seg-
ments. The following algorithm defines the process of creating database segments.

Segmentation Algorithm

Input: Nmax: Number of applications in the DDBs
Database applications definitions

Output: The set of database segments

Step 1: For N = 1, Nmax, do step (2)

Step 2: Segment (N) = Records used by application(N)
Step 3: End For

Step 4: Stop.

Since we use a horizontal partitioning technique, then the number of created
segments equals to the number of database applications definitions.

3.3. Generating Fragments. We define the following horizontal partitioning tech-
nique, by which the global database is segmented into pair-wise disjoint fragments
through the DDBs sites. A pair of joint segments S;, S; are replaced by three
fragments:

e The first fragment consists of the records resulted from the intersection
between S; and S;. Fy = S;()S;.

e The second fragment consists of the records in segment S; but not in the
intersection fragment Fy. Fj11 = S; — F.

e The third fragment consists of the records in segment S; but not in the
intersection fragment Fy. Fyyo = S; — F}.

The union of all fragments that form the relation could reconstruct the split rela-
tion. The segments of each relation are determined by the queries performed on the
database system, and the segment itself consists of complete records. The empty
segments are removed and the non-empty segments are referred as fragments, which
would be allocated to the DDBs clusters and sites [6]. The following algorithm de-
fines the process of generating database fragments.

fragmentation Algorithm

Input: K: Number of the last fragment in the DDBs
Rmax: Number of database relations in the DDBs
Nmax: Number of records in each relation

Output: The set of disjoint fragments in DDBs

Step 1: Set 0 to K

Step 2: For R = 1, Rmax, do steps (3) - (16)

Step 3: For I = 1, Nmax, do steps (4) - (15)

Step 4: For J = 1, Nmax, do steps (5) - (14)

Step 5: If I # J go to step (6)

Else, go to step (13)

Step 6: If S; [ S; # ¢ do steps (7) - (13)

Else, go to step (13)
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Step 7: Add 1 to K

Step 8: Create new fragment Fy, = S;[1.S; in relation R
Step 9: Create new fragment Fj1 = S; — F} in relation R
Step 10: Create new fragment Fj,» = S; — F}, in relation R
Step 11: Set S; = ¢

Step 12: Set S; = ¢

Step 13: End IF

Step 14: End For

Step 15: End For

Step 16: End For

Step 17: Stop.

3.4. Free Records Fragments. In case of remaining segments (S; (S; = ¢) that
are not belonging to any fragment, a new fragment should be created and added to
the collection of fragments in that relation. The following algorithm describes the
process of creating new fragments for free records.

Free records fragmentation algorithm

Input: K: Number of the last fragment in the DDBs
Rmax: Number of database relations in the DDBs
Nmax: Number of records in each relation
F: The generated fragments for all relations in DDBs

Output: The new fragments for free records in all relations

Step 1: For R = 1, Rmax, do steps (2) - (13)

Step 2: For I = 1, Nmax, do steps (3) - (12)

Step 3: For J = 1, Nmax, do steps (4) - (11)

Step 4: If I # J go to step (5)

Else, go to step (10)

Step 5: If S;(.S; = ¢ do steps (6) - (10)
Else, go to step (10)

Step 6: Add 1 to K

Step 7: Create new fragment Fy, = R; — |J F' in relation R

Step 8: End IF

Step 9: If Fj, # ¢ Add F}, to the collection fragments of the relation

Step 10: End IF

Step 11: End For

Step 12: End For

Step 13: End For

Step 14: Stop.

3.5. Allocating Fragments. The generated disjoint fragments could be allocated
to the site requesting the data composing the fragments, to the group of sites sharing
that data, or to all DDBs sites if there is a clear positive benefit of the computation
of allocating each fragment to every site [5]. Allocating fragments to clusters and
their sites [6] enhances the DDBs performance.

In our partitioning method, all transactions are processed, the redundant trans-
actions are eliminated, and the applications speed and efficiency are improved by
getting the minimum number of fragments to accessed.
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Figure 2 shows our data fragmentation methodology.

4. A CASE STUDY

We will apply our fragmentation technique on a full-distributed relational data-
base; with a complete connected network topology that is assumed for the infor-
mation needs of a public institution. For simplicity, we propose twelve sample sites
distributed graphically; site (S1) is used for executing and developing applications,
each one of the sites (S1, S2, S3, S4) serves as a major node for communication with
other sites. In addition, the sites (S5, S6, S7, ..., S12) serve as local terminals for fa-
cilities which produce administration and financial information for the institution’s
employees. Figure 3 shows the distributed database sites over the network.

4.1. Database Relations. Five global relations are assumed in this case study.
Table 2 describes the name, number of records, data fields, and the record size of
each relation.
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Table2. Database relations.

Relation # | Relation Name | Record Size | # of | Data Fields
(Bytes) Record

R1 EMPLOYEE | 40 20 Emp #, Emp Name,
Rank #, Site #, Major
#

R2 SALARY 32 7 Rank #, Basic sal., Al-
lowances, Deductions

R3 SITES 32 12 Site #, Site Name, Lo-
cation

R4 MAJOR 24 4 Major #, Major Name

R5 CLASSES 24 7 Rank #, Rank Name

4.2. Database Applications Definition. We propose 45 different applications,
table 3 shows the description of each application definition and its requirements in
SQL format.

Table3. The Database applications requirements

Site # | Application # | Application Requirements

S1 Al Select * From Employee

S1 A2 Select * From Classes
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S1 A3 Select * From Salary

S1 A4 Select * From Sites

S1 A5 Select * From Majors

S2 A6 Select * From Employee

S2 A7 Select * From Employee Where Major # = M3 And Site
# =2

S2 A8 Select * From Classes, Employee Where Classes.Rank#
= Employee.Rank# And Employee.Site# = 2

S2 A9 Select * From Salary, Employee Where Salary.Rank# =
Employee.Rank# And Employee.Site# = 2

S2 A10 Select * From Sites

S3 All Select * From Salary

S3 Al12 Select * From Employee Where Major # = M2 And Site
#=3

S3 Al13 Select * From Classes, Employee Where Classes.Rank#
= Employee.Rank# And Employee.Site# = 3

S3 Al4 Select * From Sites

S4 Al5 Select * From Majors

S4 Al16 Select * From Employee Where Major # = M4 And Site
#=4

S4 A17 Select * From Classes, Employee Where Classes.Rank#
= Employee.Rank# And Employee.Site# = 4

S4 A18 Select * From Sites

S5 A19 Select * From Employee

S5 A20 Select * From Classes, Employee Where Classes.Rank#
= Employee.Rank# And Employee.Site# = 5

S5 A21 Select * From Employee Where Major # = M4 And Site
#=5

S6 A22 Select * From Majors

S6 A23 Select * From Sites

S6 A24 Select * From Classes, Employee Where Classes.Rank#
= Employee.Rank# And Employee.Site# = 6

S7 A25 Select * From Classes

S7 A26 Select * From Employee Where Rank# In(R1, R2, R3,
R4)

S7 A27 Select * From Sites Where Location In (L-11110 ,L-
11111,L-11112,1-11113,1.-11114,1.11115)

S8 A28 Select * From Sites

S8 A29 Select * From Salary

S8 A30 Select * From Employee, Salary Where Em-
ployee.Rank# = Salary.Rank# And Salary.Basic
> $ 3500

S9 A31 Select * From Salary

S9 A32 Select * From Sites
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S9 A33 Select * From Employee, Salary Where Em-
ployee.Rank# = Salary.Rank# And Salary.Allowances
> § 500

S9 A34 Select * From Employee Where Rank# In (R5,R6,R7)

S10 A35 Select * From Majors

S10 A36 Select * From Employee Where Site# = 10

S10 A37 Select * From Salary

S10 A38 Select * From Classes, Salary Where Classes.Rank# =
Salary.Rank# And Salary.Allowances < $ 450

S10 A39 Select * From Employee, Salary Where Em-
ployee.Rank# = Salary.Rank# And Salary.Deductions
> $ 300

S11 A40 Select * From Employee Where Major # = M1 And Site
# =11

Si1 A41 Select * From Sites

S11 A42 Select * From Classes

S12 A43 Select * From Employee Where Rank# = R3 And Site
# =12

S12 A44 Select * From Sites Where Site#t < 7

S12 Ad45 Select * From Employee Where Site## = 4

5. A TOOL SUPPORT

We developed an implementation tool that is interactive, full functional and easy
to use, based on our partitioning technique to create the database segments and
produce the minimum number of fragments.

The architecture of our tool known as DiSF (Distributed Segmentation and Frag-
mentation) is novel in the sense that it supports the use of knowledge extraction
technique to help achieve the effective use of our algorithm. Figure 4 illustrates the
architecture of DiSF.

The database segments are created according to their applications definition.
Figure 5 shows the process of creating database segments.

Figure 6 shows the result of the segment execution.

Each database segment executed is used as a source for the next processing step;
the data fragmentation process.

The following procedures illustrate the steps of generating database fragments in
our tool. Table 4a-n shows the detailed procedures to generate some fragments for
the salary relation.

e The first segment in relation number 2, Seg.3 intersects with the next seg-
ment in the same relation Seg.9.

Table4-a
Segment # | Site # | Application # | Relation # | Record(s)#
Seg. 3 S1 A3 RL2 1,2,3,4,5,6,7
Seg. 9 S2 A9 RL2 2,3,4

e The result is new disjoint fragments F1 and F2.
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Sitelt  Application # Relaion# EmplD Rank D Basic Salan
8 30 1 1 1 BR00
a8 30 1 2 2 BS00
8 30 1 3 3 4500
8 30 1 4 4 750
a 30 i & 2 85500
g 30 1 10 4 3750
2 30 1 13 2 5500
8 30 1 14 3 4500
8 a0 1 15 3 4500
a 30 i 18 4 3780
g 30 1 18 4 3750
8 30 1 14 3 4500
8 30 i 20 1 6500
Exit Back..
FIGURE 6
Table4-b
Fragment # | Site # | Application # | Relation # | Record(s)#
F1 S1,52 A3,A9 RL2 2,34
F2 S1 A3 RL2 1,5,6,7

e Seg.3 and Seg.9 are omitted, and the next two segments in the same relation;
Seg.11 and Seg. 29 are intersected.

Tabled-c
Segment # | Site # | Application # | Relation # | Record(s)#
Seg. 11 S3 All RL2 1,2,34,56,7
Seg. 29 S8 A29 RL2 1,2,34.56,7
e The result is new disjoint fragment F3.
Table4-d
Fragment # | Site # | Application # | Relation # | Record(s) #
F3 S3.58 | AlL,A29 RL2 1,2,34,5,6,7

e Seg.11 and Seg.29 are omitted, and tool continue the fragmentation process
for the remaining segments in this relation.

e When all segments in this relation are fragmented, the tool start fragmen-
tation process for any intersection between the generated fragments in this
relation. In this case F1 intersects with the next fragment F3). (Notice
that the intersection between F1 and F2 is empty).
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Tabled-e
Fragment # | Site # | Application # | Relation # | Record(s) #
F1 S1,S2 A3.A9 RL2 2,34
F3 3,58 A11,A29 RL2 1,234,567

e The result is new disjoint fragments F5 and F6.

Tabled-f
Fragment # Site # Application # | Relation # | Record(s
#
F5 S1,52,53,S8 | A3,A9,A11,A29 RL2 2,3,4
F6 S3,58 Al11,A29 RL2 1,5,6,7

e F1l and F3 are omitted, and the fragmentation process continue for the
remaining fragments in this relation.

e The final fragments in this relation are renamed sequentially and the free
disjoint segments are renamed as fragments and added to the list of the
final fragments.

Figure 7 shows the generated fragments for salary relation and their correspond-
ing records in the final fragmentation process.
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6. PERFORMANCE EVALUATION

Data fragmentation improves the performance of DDBs by reducing the amount
of irrelevant data accessed by the applications. We applied our partitioning meth-
ods on 45 different applications. All relations are partitioned according to the
applications requesting them and 45 segments are generated. After applying our
partitioning method we generate 27 fragments, so 18 segments are omitted from
the DDBs and the system performance increased by 40%. Table 5 shows the per-
formance improvement in the DDBs after applying our partitioning algorithm.

Table5. The performance improvement of the fragmentation algorithm

Relation # | Relation Name | Initial # of || Final # of || Improvement%
Segments Fragments
1 Employee 16 13 + 18.75%
2 Salary 6 2 + 66.67%
3 Sites 10 4 + 60%
4 Major 4 1 + 75%
5 Classes 9 + 22.22%
TOTAL 45 27 + 40%

Figure 8 shows the improvement of the performance achieved by our fragmenta-
tion algorithms.

7. CONCLUSION

In this approach, we met the requirements of determining data fragmentation in
DDBs, removing the redundant records from the DDBs, and enhancing the system
performance. This application method can be implemented even if the input pa-
rameters are very large. In the future we will focus on finding new computational
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methods for allocating fragments to the sites of the DDBs, and adding an adap-
tive algorithm to incorporate fault tolerance constraints during the determination
of fragment allocation.

(1]
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