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A Heuristic Approach for Horizontal
Fragmentation and Allocation in
DOODB

Abstract

Horizontal fragmentation has an
Important impact in improving the
applications  performance, that is
strongly affected by distributed
databases design phase. Although a
great effort had been done in this
area there still remain lacks to
achieve their objective of improving
the overall system performance. This
paper introduces a new algorithm for
horizontal ~ fragmentation of an
Object Oriented Distributed Database
System OODDBS. The proposed
algorithm is based on the idea that
addresses vertical fragmentation and
allocation simultaneously for
relational system but in the context
of  horizontal fragmentation of an
object model.

The investigated approach uses a
cost model and is globally
minimizing the fragmentation and

allocation costs. In addition it is easy
and accurate implementation of the
decision on the constituent groups, as
well as it is not only fragmenting class
instances into groups, but on the
contrary it isalso distributing class
Instances on sites.

Validating of the proposed approach
IS done via acomplete simulation. A
comparative study proves that the
suggested approach has fewer cost and
simpler than most recent horizontal

Phuong phap tu tim toi ¢é phan manh
va allocation ngang trong DOODB
Allocation: phan bd, cap phét, dinh vi,
phan phéi

Tom tat

Phan manh ngang dong mot vai tro
quan trong trong viéc cai thién hiéu
suit ang dung, mot yéu té bi anh
hudng manh béi giai doan thiét ké co
so dir ligu phan tan. Mac du trong linh
vuc ndy, nguoi ta da tién hanh nghién
ctru rat nhiéu, nhung van chua thé cai
thién dugc hiéu suat toan hé théng nhu
mong doi. Bai bdo nay trinh bay mot
thuat toan mai dé phan manh ngang hé
co so dir liéu phan tan huéng doi
twuong OODDBS. Thuat toan dé xuat
dya trén y tuong chi dinh phan manh
va allocation doc ddng thoi cho hé
théng quan hé nhung trong khudn kho
phan manh ngang mot mo hinh ddi
tuong.

Phuong phap nghién curu sir dung mo
hinh chi phi va téi thiéu héa toan cuc
phi ton phan manh va allocation.
Thém vao d6, né dé dang va chinh xac
hoa viéc thuc thi quyét dinh vé céc
nhom thanh phan, ciing nhu n6 khéng
chi phan manh cé4c thé hién cua Iop
thanh cadc nhom, ma trai lai, ndé cling
phan bd céc thé hién cua Iép trén céc
vi tri,

Viéc danh gia phuong phap dé xuat
dugc thyc hién bang mot md phong
hoan chinh. Nghién ctru so sanh chang
t6 ring phuong phap dé xuit co gia
thanh thap hon va don gian hon da sb




fragmentation algorithm uses affinities.

1. Introduction

As opposed to centralized databases
where the design phase handles only
logical and physical data modeling, the
design process in Distributed Object
Oriented Databases involves as well
data partitioning and allocation to
the nodes of the system. Horizontal
fragmentation, in  Object Oriented
Database Systems, distributes class
instances into fragments. Each object
has the same structure and a
different state or content. Thus, a
horizontal fragment of a class contains
a subset of thewhele—class—extension.
So, it can be said that fragmentation
plays an important role in the design
phase of distributed Database.
Horizontal fragmentation is usually
subdivided in primary and derived
fragmentation. Many of the existing
Object Oriented (OO) fragmentation
approaches are usually inspired from
the relational fragmentation
techniques. So, it can be said that
fragmentation plays an important role
in the design phase of Distributed
Database. Next section will explores
the considerable effort that had been

documented in horizontal
fragmentation.
Bellatreche et al. [1] present a

horizontal fragmentation method and
an analytical cost model to evaluate
query execution time in horizontally

thuat toan phan manh ngang gan day
st dung cac phép bién dbi affin.

phép bién dbi affin=phép bién doi
ddng dang

1.Giéi thiéu

Trai nguoc Véi cac co sd dir ligu tap
trung trong d6 giai doan thiét ké chi
xt ly md hinh dit liéu logic va vat ly,
qua trinh thiét ké trong Cac Co S¢ Di
Liéu Huéng P61 Tuong Phan Tan lién
quan dén viéc phan ving dir liéu va
allocation dén céac nGt caa hé théng.
Phan manh ngang, trong cac hé co so
dir liéu huéng doi tugng phan tan céc
thé hién cua Iop thanh tierng manh. Mai
dbi twong cO cau trac nhu nhau va
trang thai hoac noi dung khac nhau. Vi
thé, viéc phan manh ngang mot 16p
chira mot tap con toan bd phan mo
rong caa Iop. Vi vy, ching ta ¢ thé
ndi rang phan manh dong vai trd quan
trong trong giai doan thiét ké co s¢ dit
ligu phén tan. Phan manh ngang
thuong duoc chia nhé thanh phén
manh nguyén thuy va tht cap. Nhiéu
phuong phap phin manh huéng doi
tuong trong hién tai (OO) thuong co
ngudn gbc tir cac k¥ thuat phan manh
quan hé. Vi vay, ching ta c6 thé ndi
rang phan manh dong vai trd quan
trong trong giai doan thiét ké Co s dix
lieu phan tan. Trong phan tiép theo,
ching ta s& phan tich nhiing nd luc
dang chu y da duoc ghi nhan trong
phan manh ngang.

Bellatreche va cac cong su [1] trinh
bay phuong phap phan manh ngang va
mod hinh phan tich chi phi dé danh gia
thoi gian thyc thi truy van trong cac co




fragmented databases. The
fragmentation schema with the best
performance according to the cost
model is achieved through a hill-
climbing algorithm, by selecting a
subset of classes for primary
horizontal fragmentation.

The work from Ezeife and Barker [2,3]
presents a set of algorithms to the
horizontal fragmentation of all classes
in a database schema. It takes
relationships  between classes into
account to propose primary and
derived horizontal fragmentation.
However, this approach works at the

instance level, where the class
instances  already  exist in the
database to proceed with the

fragmentation process. It also assumes
a storage structure for the objects in
the database class hierarchy in which
an instance of a subclass physically
contains a pointer to the instance of
itssuperclass that is logically part of it.
This assumption leads to considering
inheritance links in the
horizontalfragmentation process.

Savonnet et al. [4] propose a
methodology  for  the horizontal
fragmentation of all classes in a

database schema. The choice between
primary and  derived horizontal
fragmentation on each class considers
its relationships, which are defined
by analyzing only the method calls
between classes in the schema. The

so dir ligu phan manh ngang. Phuong
phap phan manh vai hiéu suat tét nhat
theo mo hinh chi phi dat dugc thong
qua thuat toan leo doi, bing céach
chon mét tap con cac lép dé phan
manh ngang nguyén thuy.

Cong trinh cua Ezeife va Barker [2,3]
trinh bay mot tap hop cac thuat toan
dé phan manh ngang tat ca cac 16p
trong mot luoc dd co so dir lidu. N6
tinh dén méi quan hé giita cac l6p dé
dé xuat cach phan manh nguyén thuy
va dan xuat. Tuy nhién, phuong phap
nay lam viéc & mac instance, trong do
cac thé hién cua I6p cling ton tai trong
co s& dir lieu dé tién hanh qua trinh
phan manh. Né ciing gia dinh mot cau
tric luu trit cho cac déi tuwong trong
thr bac 16p cia co so dit liu trong d6
vé mat vat Iy mot instance cuaa 16p con
chta mot con tré hudng dén mot
instance & siéu 16p cta n6 vé mat logic
la mot phan cua nd. Gia thuyét nay
dan dén viéc can phai xem xét céc lién
két ké thira trong quéa trinh phan manh
ngang.

instance : thé hién

Savonnet va cac cong su [4] di dé
XUit mot phuong phap dé phan manh
ngang tat ca cac I6p trong luoc d6 co
so dur lieu. Viéc lya chon gita phan
manh ngang nguyén thuy va dan xuat
trén moi lép xét den cac mdi quan hé
cuaa no, nhirng moi quan hé¢ dugc dinh
nghia qua viéc phén tich viéc goi cac
phuong thirc gitra cac 16p trong so do.




work does not present an algorithm to
support the methodology.

Baiao et al. [5] proposes a complete
fragmentation  methodology for
OODBMS, which is divided in three
phases. First, there is an Analysis
Phase to assist distribution designers
in defining the most adequate
fragmentation algorithm (horizontal,
vertical, or both) tobe applied in
each class of the database schema.
The Analysis Phase also considers
the case in which no fragmentation
of a class is the best alternative.
Second, they present an algorithm to
perform Vertical Fragmentation in a
class. Finally, the authors present an
algorithm to perform Horizontal
Fragmentation on the whole class or
on a vertical fragment of a class, which
may result in mixed fragmentation.

In [6], Darabant and Campan propose
a new algorithm for  horizontal
fragmentation in  object oriented
databases with simple attributes and

methods. It relies on an Al
nonsupervised  clustering  method
(agglomerative  hierarchical method

[7]) for partitioning classes into sets
of similar instance objects. This
algorithm groups objects together by
their similarity with respect to a set

of user queries with conditions
Imposed on data. Similarity
(dissimilarity) between objects is

defined in a vector space model and
Is computed using different metrics. As
a result, they cluster objects that are
highly used together by queries.

Cong trinh khéng trinh bay thuat toan
dé ho trg cho phuong phép.

Baiao va cac cong sy [5] dé xuat mot
phuong phap phan manh hoan chinh
cho OODBMS, dugc chia thanh ba
giai doan. Tha nhit, c6 mot giai doan
phan tich dé ho tro cac nha thiét ké
phén tan trong viéc xac dinh céc thuat
toan phan manh thich hop nhat
(ngang, doc, hoac ca hai) duoc ap
dung trong mdi 16p cua luge d6 co so
dir liéu. Giai doan phan tich cling xét
treong hop khéng c6 phan manh nao
ctia mot 16p 1a lya chon tét nhat. Thi
hai, ho trinh bay mot thuat toan dé
thuc hién Phan Manh Doc trong mot
I6p. Cudi clng, c4c tac gia ciing trinh
bay mot thuat toan dé thuc hién phan
manh ngang trén toan bg lop hoac trén
mét manh doc cia mot 16p, diéu nay
c6 thé dan dén sy phan manh hon hop.
Trong [6], Darabant va Campan dé
Xuit mot thuat toan méi dé phan manh
ngang trong cac co so dir liéu hudng
d6i twong véi cac thudc tinh va
phuong phap don gian. N6 1€ thugc
vao phuong phdp phadn nhom khong
giam sat Al (phuong phéap thir bac két
tu [7]) dé phan vung cac I6p thanh cac
tap hop dbi tuwong instance glong
nhau. Thuat todn nay gop cac doi
tegng voi nhau theo sy tuong tu cua
chung ddi véi tap hop truy van ngudi
ding Vvéi cac diéu kién duoc ap dat
trén dir liéu. Sy giéng (hoic khac
nhau) giita cac d6i twong duoc dinh
nghia trong mdt mo hinh khong gian
vector va duogc tinh toan bang cac
chuan khac nhau. Do do, chung gop
cac d6i tuong duoc sir dung nhiéu véi




Darabantin ~ [8]  reporteda  new
algorithmfor horizontal fragmentation

in  object-oriented databases with
complex attributes and methods.
Fragmentation in  complex OO

hierarchies is usually performed in
two steps: primary fragmentation and
derived fragmentation. Primary
fragmentation groups class instances
according to a set of class conditions
[9] imposed on  their  simple
attributes. They proposed algorithm
unifies the two fragmentation steps:
primary and derived into a single step.
Each object is represented as a vector
and wuse the k-means clustering
algorithm  for separating clusters
(fragments) of objects.

1.1 Contributions

The new suggested approach for
horizontal fragmentation is  more
simpler, easier and accurate than any
other  algorithms using affinities,
mentioned in literatures[1,2,3,4,5,6,8].
This approach is based on the
relational model approach introduced
by Scheme[10] for  vertical
fragmentation  process  which s
adapted for horizontal fragmentation
of object oriented database. By this
algorithm , the two main processes
of object oriented database design(
fragmentation and allocation) are
done simultaneously with no kind of
complexity and with the smallest
allocation cost comapred with other

horizontal—fragmentation—algorithms

nhau qua c4c truy van.

Darabantin [8] da trinh bay mot thuat
todn méi dé phan manh ngang trong
cac co so dit liéu huéng ddi tuong véi
cac thuoc tinh va phuong phap phuc
tap. Viéc phdn manh trong cac hé
théng phan ciap OO phic tap thuong
duogc thuc hién theo hai budc: phan
manh nguyén thiy va phan manh dan
xuat. Phan manh nguyén thuy gop cac
thé hién cua lé6p theo mot tap hop cac
diéu kién I16p [9] duoc ap dat trén cac
thugc tinh don gian cua chdng. Ho dé
Xuat thuat todn hop nhat hai buéc
phan manh: nguyén thay va dan xuat
thanh mot budc duy nhat. Mdi doi
tugng dugc biéu dién dudi dang mot
vector va st dung thuat toan phén cum
k-trung binh cho cac cum déi tuong
riéng biét (cac manh)

1.1 Cac dong gop




it

The paper is organized as follows :
the next Section summarize the main
needed definitions .The suggested
heuristic approach for horizontal
fragmentation of  object oriented
database is presented in Section 3.
While section 4 evaluates and
compares  the new  suggested
approach with an old one in literature
to show the effectiveness of the new
approach. Finally, Section 5 concludes
this paper.

2. Basic definitions

Some definitions are needed in the
presence of the class fragmentation
algorithms which will be introduced
next.Let Q={ql,q2,........... ,qq) be
the set of user queries(applications)
running methods from the set of
methods denoted
by{Mil.jMi2 k,....... Min.p}.The
cardinality of the class is the class
instance  object  number.(denoted
card(Ci))]. The following
definitionsare from [2,11,12].

Definition 1

Given a set of queries
Q={ql,q2,....qq} that will run on a
class C(A,M) . Each query qj(1Jj [ q
has the following parameter:

This generates the insatance usage
matrix(IUM),whose rows are the
queries, and the columns are the
instances.




Definition 2

The predicate affinity between two
predicates pi, and pj of a class
C(A,M) with respect a set of
queries Q={ql,q2,....qq} concerns the
predicate of class C(A,M) and
predicate of the owner class(es).this
affinity measure is defined as follows:

where:

I11= all C queries that access pi, and pj
of the class C.

12= all owner C queries that access pi,
and pj of the class of C.

All affinity measures are grouped in a
matrix called the predicate affinity
matrix(PAM).

3. The proposed heuristic approach
for fragmentation and allocation

This section presents the proposed

horizontal fragmentation  approach
which  based on the approach
suggested for relational database

[10] and applied it on class models
consisting of simple attributes using
simple methods. The horizontal
fragmentation algorithm function is to
break class instances (rows) into a
set of smaller classes (fragments)
that make used applications able to
execute using only one fragment [8].
The main steps of the suggested
approch are summarized below.

Input:

« Qn={Ql,.....,Qn}  /* set of queries
for class C.

o« C={11,12,...., 11 ,pl,p2,...., pp) /* a

A b |




class with a set of instances,i is the
number of instances , and a set of
predicates used to access its attributes,
p is the number of predicates.

* N={I1,.....k)
nodes.

Main Steps:
1) Calculate the request at each site
for each instance to construct
aninstance request Matrix (IRM).Each
instanceis requested by multiple
queriesfrom one site. The request of
a instance at site h is the sum of
frequencies of all queries at the site
accessing this attribute it can be
calculated with the equation below:

/* a set of network

where:

li is the required method, h is the site
needingthis instance i , Fji is the
frequency of a query accessing a
instance li, m is the total number of
predicateson the site h.

2) Calculate the pay at each site for
each instance to construct the
Instancepay Matrix.

The term pay measures the costs of
allocating a single instance to a
network node . The allocating pay
of ainstance li to a site h measures
the costs of accessing method mi
from all queries at other sites h'
.which is different from h. To
calculate the pay parameter use the
following equation :

where :




chh' is the transmission cost between
the two sites h and h' ,Note that cost
factor chh'=0 if h=h'

3) Cluster each instanceto the site
which has the lowest value ofthe pay .
Output:

Horizontal fragmentation schema(class
fragments) and fragment allocation
schema(the allocated site for each
fragment). This approach is firstly
finds the site that has the smallest
pay value, and then allocates the
instance to the site. So, horizontal
fragmentation and allocation schema
are obtained in the same step.

4. Exprimental Results and Evaluation

Simulation example for a three sites
IS presented for making a
comparison between the applying of
Navath's algorithm and the new
suggested approach on a set of data
explained in details later.

4.1 DataBase schema

An illustrative example[11] that will
be used in the evaluation process ,
will be demonstrated andsome queries
for the database classes are presentedin
table 1. The used example consists of
six classes; each class consists of its
own simple attributes and simple
methods which will be distributed
over three nodes (sites). Database
schema shown in figure 1.




4.2 Preparation step

The common used matrixbetween
Navath'sand the new suggested
approach is Application Frequency
Matrix (AFM) for the queries of each

case. This  matrix illustates the
number of requirements of each
query by each site of the three
available sites Also the

Transportation Cost Factorsare given
in table 2. All submitted queries for

Tablel All
Person class

submitted queries for

Person class are listed in tablel. By
these queries , 40 case studies are

constructed to be wused in the
evolution process and in the
comparative  study  between the
Navath's algorithm and new
suggested approach for horizontal
fragmentation of object oriented
databases,these cases are shown in
table 3.

1.1 Applying navath's horizontal
algorithm

In this part of evaluation the Navath's
algorithm which has four steps, is
applied on the Person class. It
firstly, applies the Bond Energy
Algorithm (BEA) and then applies the
Binary Vertical Partitioning (BVP)
Algorithm which divides the class
methods into two fragments only. The
algorithm steps [2] , are as follows:-

eStepl:




Constructing the predicate usage matrix
(PUM) by using definition 1 mentioned
ealier.

e Step2:

Constructing the predicate affinity
matrix (PAM) which is drived from the
given PUM,use definition 2.

eStep3:

Applying the Bond Energy Algorithm
(BEA) which tries to reorder columns
and rows of the constructed PAM to
form a new matrix that called "clusted
affinity matrix" (CAM) . BE has two
steps:

Initialization:

Place and fix one of the columns of
PAM into CAM

Iteration Step:

Pick each of the remaining n-i columns
(where i is the columns alredy placed
in CAM) and try to place them in the
remaining i+1 positions in the CAM
matrx.Coose the placement that makes
the greatest contribution to the global
affinity measure .continue untill no
more columns remain to be placed.
Notice:

1 - The bond between two predicates i
and j is given by the equation given as:

where :

Affinity is calculated by definition 2
which mentioned before.

2 - The net contribution to the net
global affinity measure of placing the
method k between i and j is :
contikj (]2 * bond ik 2 * bond kj . 2*
bond ij

Row Reordering Step:

NI




Once the column ordering is
determined ,the placement of the rows
should also be changed so that their
relative positions match the relative
positions of columns [13].

e Step4:

Fragmenting the class predicates by
using the Binary horizontal Partitioning
Algorithm  which  fragmrnt  these
predicates into only two non
overlapping fragments(upper and lower
fragment) according to the following
equation [4]:-

where:-

- CL and CU counts the total
number of transactions accesses that
need only one fragment

- Cl : counts the total number of
transactions accesses that need both
fragments.

eStepS:

Calculating the allocation cost of each
fragment(instances) using the
transportation cost factores in table2.
4.4  Applying the new suggested
approach

The main steps of new suggested
approach are three which are
mentioned before in section mr . These
steps are:.-

eStepl:
Constructing the iInstance request
matrix(IRM),which  calculates  the

request at each site for each instance
(use equation 1).

e Step2:

Constructing instance pay matrix (IPM)
,which calculates the pay at each site

il




for each instance(using equation 2).
eStep3:

This step Cluster each instance to the
site which has the lowest pay value.
4.5 Discussion

By comparing the total cost , from
figure 2 , for each case of the 40 cases
for Navath's algorithm and new
suggested approach , it noticed that the
new approach is better than the
Navath's s because it often reduces the
allocation cost and not only that but
also doing allocation process for each
class instance simultaneously in the
same time with fragmentation process.
From the above discussion, it is clear
that the suggested heuristic approach
for horizontal fragmentation gives
better results than any other horizontal
fragmentation approaches because it
gives the decision according to the
affinities between two instances based
on the cost at each site.

5 Conclusion

Horizontal fragmentation is one of the
algorithms that used for the distributed
object oriented database design. This
paper is interested in finding a new
simple and easier horizontal
fragmentation approach. The new
suggested heuristic horizontal
fragmentation approach has three
advantages. Firstly, is less complex
than any other horizontal fragmentation
algorithm using  instance affinities
.Secondly, gives the decision of
choosing the fragmentation schema
depending on the minimum cost of
allocation of each instance between the




available sites. Thirdly, not doing only
fragmentation but also doing allocation
simultaneously in the same step.

Fig.2 The Cost by using Navath's
Algorithm and New Approach for each
Case






