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Abstract: Horizontal fragmentsof a classin an object-orienteddatabasesystemcontainsubsetsof the classextent or
instanceobjects. Thesefragmentsarecreatedwith a setof systeminput dataconsistingof the application
queries,their accessfrequencies,the objectdatabaseschemawith components- classinheritanceandclass
compositionhierarchiesaswell asinstanceobjectsof classes.
When thesesysteminput to the fragmentationprocesschangeenoughto affect systemperformance,a re-
fragmentationis usually donefrom scratch. This paperproposesan incrementalre-fragmentationmethod
thatusesmostlytheupdatedpartof input dataandpreviousfragmentsto definenew fragmentsmorequickly,
saving systemresourcesandmakingthedataatdistributedsitesmoreavailablefor network andwebaccess.

1 Intr oduction

Databaseclassobjects(classes)canbehorizontally
fragmentedwith eachhorizontalfragmentof a class
allocatedto a site whereit is neededmost, in a dis-
tributedenvironment.Thebenefitof suchdistribution
is improved systemperformance,arisingfrom faster
queryresponsetime,lowerdatatransmissioncostand
time, moreefficient utilization of storageand lower
datamaintenancecost.

A class(C, also called classobject) is madeup
of a set of instanceobjects (I), which have com-
mon attributes (A) and commonmethods(M). Ev-
ery class has a class identifier (K). Instanceob-
jects of a class are also called the class extents
and a classcan be representedas an orderedrela-
tion C = (K, A, M, I). For example,a classPerson
canbe representedas(Person,

�
a.ssnumber, a.name,

a.age, a.address� , � m.ssnumber-of, m.whatname,
m.daysold,m.newaddress� , ����� , ��� , . . . ,

���	� � ). This
indicatesthatclassPersonhasattributessocialsecu-
rity number, name,ageandaddressaswell asmeth-
odsfor manipulatingtheseattributes. This classhas
ten instanceobjects

���
,
�
�

, . . . ,
���	�

. A class,A, can
�
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have subclassesB, which are specializationsof this
classdefinition. In this case,classA becomesthe
superclassof classB andclassB can inherit all at-
tributesandmethodsof its superclassA, but not all
of its extents. Object-orienteddatabasesystemsalso
supportclasscompositionhierarchieswhichallow an
attribute of a classto have anotherdatabaseclassas
its domainor partof it. If a classD is partof a class
E, thenattributesandmethodsof classE logically in-
cludeattributesandmethodsof classD. The object-
orienteddatabaseschemais thendefinedasasetof its
classesthatcapturefeaturesof encapsulation,inheri-
tance,andclasscompositionhierarchies.A method
cansimply accessonly attributesof its class.

Eachhorizontalfragment ������ of a classcontains
all attributesandmethodsof theclassbut only some
instanceobjectsor subsetsof instanceobjectsin the
class(EzeifeandBarker, 1995;OzsuandValduriez,
1999).Input to thefragmentationprocessincludeap-
plicationqueriesaccessingdatabaseobjects,their fre-
quenciesof access,the databaseschemaspecifying
the classesin the objectbasedsystem(classinheri-
tanceandcompositionhierarchies).

Overtime,new classinstancesarecreated,database
schema may evolve, the pattern of application
queries’ accessand their accessfrequenciesmay
change,leadingto adropin systemperformance.Ex-
isting distributed databasedesignwork in the liter-
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ature including (Ezeife and Barker, 1995; Navathe
et al., 1995; Bellatrecheet al., 1997; OzsuandVal-
duriez, 1999) would normally re-fragmentthe ob-
ject databasefrom scratchby re-running the frag-
mentationschemesutilizing all original input dataas
well as the updatedpart of input data. The short-
comingsof this approachinclude (1) overcommit-
ment and utilization of systemresources(memory
and CPU time and network traffic) and (2) non-
availability of fragmentationprocessto dynamicdis-
tribution astheentiresystemhasto shutdown to en-
ablere-fragmentationandre-distribution.

This paperproposesan algorithm that incremen-
tally fragmentshorizontally, databaseclassesusing
thechangein input datawith theprevious fragments
at distributed sites. The changesto the four nor-
mal input to thefragmentationdesignprocess,which
are used for incrementalre-fragmentationare: (1)
changesin applicationqueries’ accesspatterns,(2)
changesin applicationqueries’ accessfrequencies,
(3) changesin classinheritanceandcompositionhi-
erarchies,and (4) changesin classobject instances.
For eachof thesefour kinds of input data,the pro-
posedalgorithmprovidesa solutionfor whenthereis
anaddition,deletionor changein the locationof the
particularinputdata.An examplechangein theinput
dataof type(1) in thelist aboveis having two new ap-
plication queries��� and �
� startaccessingdatafrag-
mentsat site 2. This is treatedasan additionof the
two applicationsto queriesaccessingdataat this site.
An examplechangein locationof applicationquery
is �
� runningat site1 now runsat site3. This typeof
changeis treatedasa deleteof query ��� from site 1
followedby anadditionof this applicationto site3.

1.1 RelatedWork

Recentwork in object horizontal fragmentationin-
cludeschemesOOHF in (EzeifeandBarker, 1995),
schemein (Bellatrecheet al., 1997), schemesin
(Savonnetet al., 1998).A methodfor performingdy-
namichorizontalobjectfragmentationwasproposed
in (Ezeife and Zheng, 1999). Distributed object-
orientedsystemsincludeTHOR(Liskov etal.,1996).

TheOOHFalgorithmin (EzeifeandBarker, 1995)
startsby identifying ownerandmemberclassesfrom
classinheritanceand compositionhierarchies. Ev-
ery subclassof a class,C is classC’s owner class,
while classC is a memberclassof its subclass.Sim-
ilarly, every classP that is part of a classD is class
D’s owner class,while classD is a memberclassof
its containedclasses.Secondly, thealgorithmdefines
primaryhorizontalfragmentsof theclassusingpred-
icatesfrom queriesaccessingthis classdirectly. Pri-
maryhorizontalfragmentsaredefinedwith complete
andminimalmintermfragments(OzsuandValduriez,
1999). Thirdly, derived fragmentsof this classare

definedusingall primary fragmentsof all its owner
classesfrom all hierarchies.Finally, the setsof pri-
maryandderivedfragmentsof theclassarecombined
following therule thateveryderivedfragmentshould
be merged with a primary fragment it has highest
affinity count with, to obtain non-overlappingfrag-
mentsof eachclass.

1.2 Contrib utions

This paperproposesa new algorithm that performs
incrementalhorizontalfragmentationof classobjects
by using the changein input data with the previ-
ous fragmentsto obtainnew setsof bestfragments.
The proposedincrementalhorizontal fragmentation
schemeutilizes the techniqueof OOHF algorithm
(EzeifeandBarker, 1995)andtheprinciplesof object
andfragmentaffinities to undoor re-dotheeffectson
fragmentsof anaddition,deletionor changeof anin-
put to the fragmentationprocess.This approachcuts
down on useof computerresourcesdedicatedto re-
fragmentationandwould make the processof object
re-fragmentationmoreeasilyapplicablein adynamic
distributionenvironmentandon theweb.

1.3 Outline of the Paper

Section2 presentsthe proposedincrementalobject
horizontalfragmentationscheme.Section3 demon-
stratesthe working of the schemewith an example.
Section4 presentsexperimentalevaluationof thepro-
posedschemein comparisonwith thestaticapproach
of OOHF, while section5 presentsconclusions.

2 Algorithm Incr ementalObject
Horizontal Fragment-IOHF

Somedefinitionsneededfor thealgorithmarefirst
presentedbefore the algorithm, IncrementalObject
HorizontalFragmentation- IOHF is presentedin this
section.

2.1 Definitions

To presentthe definitionsmore clearly, assumethat
a classhasthetwo temporaryfragments(from initial
applicationof minterm predicates),� � : �
��� , ��� , � ��� ,
and � � : ����� , � � , � ��� .
Definition 2.1 Accessfrequencyacco(

�
) of an in-

stanceobject (
�
) is the sumof the given accessfre-

quenciesof all the application queries ��� access-
ing the object throughits classor subclasses.Thus,
acco(I)= � ��"!$#�# �%���'& � � for all q applicationsaccess-
ing theobject.
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This definition can be usedto definethe numberof
relevant and irrelevant accessesmadeto an object
with respectto anotherfragment.Assumefragments� � and � � above areat sites1 and2 respectively. If
a queryaccessingsite1 needsthe instanceobject

� � ,
thisobjectis shippedfrom site2 to site1 becauseit is
arelevantaccess(neededaccess)with respectto frag-
ment � � . On theotherhand,if aqueryrunningatsite
1 needsonly instanceobjects

���
and
� � , it alsopro-

cessesthroughthe unneeded(irrelevant access)ob-
jects,

���
and
� � , which arepartof fragment � � . The

affinity measurebetweenany two fragmentsor be-
tweenan objectanda fragmentis increasedwith in-
creasedrelevantaccesscountanddecreasedirrelevant
accesscountsof all objectsin thetwo fragments/units.

Definition 2.2 Derivedaccessfrequencydacco(
�
) of

aninstanceobject(
�
) is thesumof theaccessfrequen-

ciesof all theapplicationqueries ��� accessingall of
this object’s ownerobjectsthroughall its subclasses.
Thus,dacco(I)= � ��"!$#�# �%���'& � � for all q applications
accessingobject’s subclasses.

For example,with classCity asa superclassof class
School,if instanceobject

���
of City hasattributename

Toronto, which is accessed20 timesby a query, and
instanceobject

���
(York Universityin Toronto,owner

object of City’s
���

), is accessed30 times by appli-
cations. While the total accoof City’s

���
is 50, its

derivedaccess,daccois 30 in this case.

Definition 2.3 Relevant accesses(�(� , �") ) measures
the amountof accessmadeto local objectsof frag-
ments �(� and �") . Thus, Relevant accesses(�*� , �") )
is the sumof accessfrequenciesacco(

�
) for all

�,+
( �(�.-/�") ).
For example, Relevant access(� � , � � )=acco(

���
) +

acco(
� � ).

Definition 2.4 Irr elevant access(�(� , �") ) are those
madeto instanceobjectswhich are in the fragment,�(� , or the fragment, �0) , but not in both. Irrelevant
access(�*� , �") ) is the sumof accessfrequency for all�1+

(( �(�324�") ) - ( �(�3-4�") )).
For example, Irrelevant access(�*� , �") )=acco(

���
) +

acco(
� � ).

Definition 2.5 Affinity betweentwo Fragments �(�
and �") of the sameclass, faff( �(� , �") ) is measured
as the countof how frequentlyobjectsof thesetwo
fragmentsareneededtogetherby applications.Thus,
faff( �(� , �") ) = Relevant access(�(� , �0) ) 5 Irrelevant
access(�*� , �") ).
For example, faff( �(� , �") )=(acco(

���
) + acco(

� � ))-
(acco(

���
) + acco(

� � ))
Definition 2.6 The Object Affinity !76.6.8 � � �9& � ):� ,
measuresthe affinity betweentwo objects

� � and� ) as the sum of the accessfrequenciesof the two

objectsfor all queriesthataccessbothobjects.Thus,
!76.6.8 � � �9& � ):� is the sum for all q accessingboth

� �
and
� ) of accessfrequency of q’s accessfrequencies

to
� � and

� )
For example,!76.638 � ��� & ��� � = acco(

���
) + acco(

�
�
).

Definition 2.7 Object-fragmentaffinity, ofaff(
� � ,F) is

thesumof objectaffinities betweenthisobject
� � and

all objectsof the fragmentF. Thus,ofaff(
� � , � ) is the

sumof affo(
� � ,� ) ), for all

� ) in F not thesameobject
as
� � .

For example, ofaff(
���

, � � ) = affo(
���

,
���

) + affo(
���

,� � )= acco(
���

) + acco(
���

) + acco(
���

) + acco(
� � ).

Definition 2.8 Maximum Object-fragment affinity
bondof a class,mofaffbond(

� � ,C) is thehighestaffin-
ity betweenany objectof a classandany fragmentof
theclassat time of initial fragmentation.

For example, mofaffbond(
���

,C)=
maximum(ofaff(

���
, � � ), ofaff(

���
, � � )).

Definition 2.9 Maximumfragment-fragmentaffinity
bondof a class,mfaffbond(C) is the highestaffinity
betweenany two fragmentsof aclassat timeof initial
fragmentation.

For example, if � � = ����� ,��� � , � � = ��� � ,� ��� and�*� = ��� ��� are fragmentsof a classC at time of ini-
tial fragmentation,mfaffbond(C)=maximum(faff( � � ,� � ), faff( � � , �*� ), faff( � � , �*� )).
2.2 Algorithm IOHF

Themaininput to thealgorithmareprevioushorizon-
tal fragmentsat distributedsites,their mintermpred-
icates,changein applicationqueries’accesspattern
(representedaschangein setof predicatesaccessing
classes),new applicationqueries’accessfrequencies,
changein classhierarchy, changein classcomposi-
tion hierarchy, changein instanceobjectsof classes.
Theresultor outputof theschemeis theupdatedset
of horizontalfragments.A summaryof partsof the
descriptive algorithmis presentedasFigures1, 2 in
two continuingparts.

Therearebasicallythreewaysany of theinputdata
canchange,namely:old onecanbedeleted,new one
can be addedor existing input can changeits posi-
tion. For example,new queriesmight startaccessing
aclass,someof theold queriesaccessingaclassmay
nolongerbeused,or somequeriesmightstopaccess-
ing oneclassbut startaccessinganotherclass. Sim-
ilar changescanbe seenfor most input dataabove.
Thus, in the algorithm,we definea sequenceof ac-
tions that will be performedon existing fragments
to handleeachof the four input typesof query ac-
cesspatternchange,queryaccessfrequency change,
databaseschemachange(classinheritanceandclass

3



compositionhierarchies),instanceobjectchange.For
eachof thesefour classesof inputdata,thealgorithm
then,presentsthe sequenceof stepsthatwill be per-
formedto handle(1) addingthis input to thesystem,
(2) deletingthis input from the systemand(3) mov-
ing this input from onelocationto another. Thestep
for moving the input from onelocationto anotheris
generallytreatedasexecutinga deletefrom first lo-
cation and followed by an executionof addition to
the new location. The sequenceof actionsto take
whenhandlinga changein applicationaccesspattern
is sequence1 of Figure 1 (part I), while sequence
1.A handlesaddition of new applications,1.B han-
dles deletionand handlingof relocationof applica-
tions constitutesexecutionof sequence1B followed
by sequence1A. For handlinga changein applica-
tion accessfrequency, sequence2 of Figure 2 (part
II) is followed, while sequence3 of the samefigure
handlesa changein classinheritanceand composi-
tion hierarchies.Basically, the iohf algorithmgiven
in Figure1(part I), saysthat if new applicationsac-
cessingaparticularclassareaddedto thesystem,ap-
ply the minterm predicatesfrom thesenew applica-
tionsto existing fragmentsof this classto definenew
primary fragmentsof the class. Then,propagatethe
effectsof thesenew queriesto all superclasses(mem-
ber classes)of this classby using the new primary
fragmentsto definethenew derivedfragmentsof the
memberclasseswith eachof memberclass’existing
fragments. Using affinity rules 1 and 2, merge the
setof new derived horizontalfragmentswith the set
of new primary horizontal fragmentsof eachclass,
beforeagain using the sameaffinity rules to merge
thenew horizontalfragmentswith thesetof existing
horizontalfragmentsof eachclass.Whenapplication
queriesaredeleted,iohf will againobtainthenew pri-
mary (for themainclass)andderived fragments(for
its superclasses)from existing fragments.Then, the
accessfrequenciesdueto thedeletedqueriesaresub-
tractedfrom the accessfrequenciesof all objectsin
thenew primaryandderivedfragments.Theresultant
accessfrequenciesof theobjectsin theexisting frag-
mentsareusedto re-merge all setsof existing frag-
mentswith the fragmentsthey have highestaffinity
with, by applying affinity rules 1 and 2. As shown
in Figure2(partII), whenthe applicationaccessfre-
quency of an object changes,the changein the ac-
cessfrequency of theobjectis usedto find theaffinity
measurebetweenthe objectandall fragmentsof its
class,andtheobjectis re-assignedto the fragmentit
hashighestaffinity with provided this affinity dueto
changein accessfrequency is higher than the max-
imum affinity bondbetweenany objectandtheclass
atthetimeof initial fragmentation.Then,theeffectof
re-assigninganobjectis carriedthroughtheclassin-
heritancehierarchy by obtainingandmergingnew de-
rivedfragmentsof memberclasses.To handlechange

in classinheritancehierarchy, for eachnew subclass
of a class,definenew primary horizontalfragments.
Then,definenew derivedfragmentsof this classnow
which aremergedwith its existing fragments.Simi-
larly, for eachnew superclassof a class,definenew
derived horizontal fragmentsand merge the set of
eachclass’new derived fragmentswith its setof ex-
isting fragments.Theprocessfor handlingchangein
instanceobjectsof classesis discussednext. When
new instanceobjectsof a classareaddedto the sys-
tem,usetheexistingprimarymintermsto obtainnew
primaryfragmentsof theclassandusetheexistingde-
rivedmintermsfrom all owner(subclasses)classesto
obtainnew derived fragmentsof theclass.Then,se-
lect the existing primary fragmentthatmatcheseach
of the new primary or derived fragmentsandmerge
the new fragmentwith it. If no existing fragment
matchesthe defining minterm of the new fragment,
then,thenew fragmentbecomesa new primaryfrag-
ment.Whenobjectsaredeletedfrom thesystem,iohf
will removetheobjectsfrom theexistingfragmentsof
the classto generatenew primary fragments.Then,
derived fragmentsof all memberclassesaredefined
using existing fragments. After subtractingderived
accessfrequenciesof eachdeletedobject from the
accessfrequenciesof thememberobjectsin existing
fragments,theaffinity measuresof existingfragments
arere-calculatedto mergeeachfragmentwith theone
it hashighestaffinity measurewith.

3 ExampleApplication of Algorithm
IOHF

For example,assumean original object database
schemahasa superclass,called City and classCity
hastwo subclassesSchool andHospital. Thesample
databaseof thethreeclassesis givenin Table1. The
application queriesfor initial fragmentationof the
dataaregivenbelow as � � to ��� .
Query � � : This query groupsschoolsaccordingto
their type. Thus, simple predicatesfrom this query
are ; � : type= “University” and ; � : type= “Grade”.
Query � � : This query groups hospitalsaccording
to the numberof beds. Simplepredicatesfrom this
queryare ; � :hobeds< 150and ; � :hobeds= 150.
Query ��� :This querygroupscities accordingto their
population. Simple predicatesfrom this query are; � : cipop < 60000and ; � :cipop = 60000.
The accessfrequenciesof theseclassinstancesfor
all query applicationsaccessingeachobject

� ) of a
class,acco(

� ) ) arederivedas:
For objectsof classCity: acco(

���
)=10, acco(

���
)=5,

acco(
� � )=5, acco(

� � )=10,acco(
� � )=5

For objectsof classSchool:acco(
���

)=5, acco(
���

)=5,
acco(

� � )=5, acco(
� � )=10,acco(

� � )=5, acco(
�
>

)=10
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Algorithm 2.1 (Algorithm (IOHF - Algorithm for
PerformingIncrementalHorizontalFragmentationof
Classes- Part I))

Algorithm IOHF
Input: PreviousHorizontalFragments

andtheirMinterm Predicates,
(inputchanges:changein Application
QueriesAccessPattern( ?A@CB ),
changein ApplicationQueriesAccess
Frequencies( ?D@FE ),
changein classinheritancehierarchy
( ?HG�I ),
changein classcompositionhierarchy
( ?HG�GFI ),
changein instanceobjectsof classes
( ?DJ�K fragments),
existing fragmentationinput data
(AQ, AF, CH, CCH,IS)

Output : UpdatedSetof Horizontal
Fragmentsof Classes( B�LM )

Begin
1. // To handlechangein ApplicationAccess
Pattern,we do thefollowing: //

A. For all New ApplicationQueriesArriving
for aclassata sitedo
begin

1.a.1Obtainnew primaryhorizontal
fragments( B�N ) of eachfragment
of theclass.
1.a.2Obtainnew derivedhorizontal
fragment( B NO ) of all memberclasses
of this classusingall of their instance
objectsof eachfragment.
1.a.3Mergethenew derivedfragments,B�NO
with thenew primaryfragments,B L using
affinity rule 1, which mergesthenew derived
fragment,B NO , with thenew horizontal,B LP it hasthehighestaffinity aff( B�NQ , B LP ) with.
1.a.4Mergethenew horizontalfragmentsfrom
with existingold horizontalfragments
they havehighestaffinity with.

end// endof 1.A sequence//
B. For all New ApplicationQueriesDeletedfor a class
from a sitedo
begin

1.b.1 Do thesameas1.a.1
1.b.2 Do thesameas1.a.2
1.b.3 By intersectingeachnew fragment,B NP (both
primaryandderived)with old horizontalfragment
B�LP obtainthefragmentgroupsBSR�TPVU B NPXW B�LP .
1.b.4 For eachobject,aftersubtractingacco(I)or
dacco(I)of deletedqueries,from its acco(I)
to remove theeffect of deletedquery, merge
eachBYRZTQ with the B R T[ it has
highestaffinity with, where\^]U`_ .

end// endof 1.B sequence//
end// of iohf sequences1 only//

Figure1: TheAlgorithm IncrementalHorizontalFragmen-
tation(Part I)

Algorithm 2.2 (Algorithm (IOHF - Performing In-
crementalHorizontalFragmentation- Part II))

Algorithm IOHF - Part II
Begin
2. // To handlechangein ApplicationQueryAccess
frequencies,we do thefollowing: //

begin
2.1Computetheaffinity measurebetweenevery
instanceobjectI, in a classandall of theclass’s
fragments,faff(I, B LQ ) usingthechangein
applicationaccessfrequencies.Then,re-assign
I to thefragment,BSLP with highestaffinity
if thishighestaffinity is largerthanmaximum
affinity bondmoaffbond(I,C) of theclass.
Maximumaffinity bondof aclassis thehighest
affinity betweenany objectof a classanda
fragmentat timeof initial fragmentation.
2.2Obtainderivedhorizontalfragments( B O ) of
of all memberclassesof thisclassusingnew
fragmentsfrom 2.1above.
Mergederivedfragments,B O with eachexisting
fragmentsBSL they havehighestaffinity with.

end// endof sequence2 //
3. // To handlechangein classinheritanceandcomposition

hierarchies,we do thefollowing: //
A. For a new classaddedto a link in thehierarchy, do
begin

3.a.1Makeall its new superclasses/containing
classesmemberclassesof thisclassandall its
new subclasses/containedclasses,owner
classesof this class.
3.a.2For eachnew ownerclassof theclass,obtain
thederivedhorizontalfragmentof theclass,BYaO .
3.a.3Mergeall of this class’sold fragmentsBYa
with its new derivedfragmentsby mergingeach
B aO with thefragmentit hashighestaffinity
aff( B NQ , B�LP ) with.
3.a.4For eachnew memberclassof thisclass,
obtainthederivedhorizontalfragment,B aO .
3.a.5Mergeeachderivedfragmentof theclass,BYaO ,
with theold horizontal,B LP it hasthehighest
affinity aff( BYaO , BSLP ) with.

end// endof 3.A sequence//
B. For anew classdeletedfrom a link in thehierarchy,
begin

3.b.1 For eachold memberclassof this class,
obtainthederivedhorizontalfragmentbasedon
theclass,BYaO .
3.b.2 Mergeeachderivedfragmentof its owner
class,BYaO , with its old horizontal,B�LP
it hasthelowestaffinity aff( B aO , B LP ) with.

end// endof 3.B sequence//
end// of iohf sequences2 and3 only//

Figure2: TheAlgorithm IncrementalHorizontalFragmen-
tation(Part II)
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Table1: SampleInstancesof ObjectDatabaseClasses

City Objectswith attributes�
cityid, ciname,cipop,cistate�

City
�����

C01,Toronto,80000,ON ����:�
C02,Windsor, 40000,ON �� � � C03,Montreal,50000,QB �� � � C04,New York, 90000,NY �� � � C05,Queens,60000,NY �

School Objectswith attributes�
cityid, scid,scname,stupop,sctype�

School
�����

C01,S01,U of Toronto,4500,Univ ����:�
C01,S02,York Univ, 4000,Univ �� � � C02,S03,U of Windsor, 3000,Univ �� � � C02,S04,ABC School,500,Grade�� � � C04,S05,NY University, 3500,Univ ��
>��
C05,S06,M School,400,Grade�

Hospital Objectswith attributes�
cityid, hoid,honame,hobeds�

Hospital
�����

C01,H01,TorontoHospital,200����:�
C02,H02,WindsorHospital,300�� � � C02,H03,WS Hospital,150�� � � C03,H04,MontrealHospital,100�� � � C04,H05,NY Hospital,300��
>��
C01,H06,QueensHospital,150�

For objects of class Hospital: acco(
���

)=20,
acco(

���
)=20, acco(

� � )=10, acco(
� � )=10,

acco(
� � )=20,acco(

�
>
)=10

The initial horizontalfragmentsof theseclassesare
obtainedby applying the oohf algorithm of (Ezeife
andBarker, 1995),which generatesclasshorizontal
fragmentsas a set of their completeand minimal
minterm predicates(valid and non-redundantcon-
junction of simple predicatesin their positive and
negated forms). The minterm predicatesgenerated
for thethreeclassesfrom relevantqueriesare:
ClassCity: Minterms: bcb � :population < 60000,bdb � :population = 60000. ClassSchool: bdb � :
type = University e type fg Grade, bcb � :type fg
University e type= Grade.
ClassHospital:bcb � : Beds < 150, bcb � = 150.
Applying thesemintermpredicatesto objectdatabase
will createtheinitial horizontalfragmentsof classes.
Affinity rule 1 is usedto merge derived fragments
of eachclasswith a primary fragmentit hashighest
affinity with, while Affinity rule2 is usedto maintain
non-overlapping fragmentsby keeping each repli-
catedobject in the onefinal fragmentit hashighest
affinity with. Thefinal initial fragmentsgeneratedfor
theseclassesare:
City: 6.h� ����� , ��� , � ��� , 6.h� ��� � , � �:�
School: 6.h� ����� , ��� , � � , � �:� , 63h� ��� � , �
> �
Hospital: 6.h� ����� , ��� , � �:� , 63h� ��� � , � � , �
> �
The processdescribedabove is the method used

by oohf for generatinghorizontal fragmentsfrom
scratch.
Themethodbeingproposedis incrementalapproach
usinganalgorithm(iohf). The incrementalapproach
doesnot involveall data(old andnew) in theprocess,
but usesonly the new data(the changein the input
data)with theinitial fragmentsof classesto createthe
new bestfragments.Continuingwith theexample,a
changein applicationqueriesaccessingthe database
is givenby anadditionof two morequeries��� and �
�
accessingclassesSchoolandCity respectively. The
query ��� groupsschoolswith student( ; � ) population
< 3000in onefragmentandtherest( ; � ) population= 3000, in anotherfragment. The query, �
� groups
city where ; � :state=ON,; � :state=QB,;*� :state=NY.
The sequencein the new algorithm IOHF to be
applied here is the sequence1.A of the algo-
rithm given as Figure 1, which requires that we
first obtain new primary fragments of the af-
fected classes,School and City by applying the
minterm predicatesfrom the new queries, to each
existing fragment of the class. For class School,
new minterms are: bdb �jilk�m	nZo 8 o < p�qrq�q ,bdb �sitk�m	nZo 8 o =up�q�qrq . Applying thesepredicates
to original fragmentsof School, producesthe four
primary fragments: 6wv�x� iy�
��� & �
� & � ��� , 6zv:x� iy��� �:� ,
6zv:x� i{� � , 6wv�x� i|�
� �r& ��> � . Step2 of the algorithm
requiresgenerationof the new derived fragmentsof
all memberclasses(superclasses,e.g., City) of this
class(School), that are basedon its newly formed
primary fragments(arising from new applications).
Thus,eachnew primaryfragmentof School createsa
new derived fragmentof memberclassCity, to give
6 vZ}� ����� & � ��� , 6 vr}� i~�
��� � , 6 vr}� i~���
� & � ��� . Step3: The
six new primary horizontal fragmentsof classCity
are: 6zv�x� i������ & ��� � , 6zv�x� i�� � , 6zv�x� i���� ��� , 6zv�x� i�� � ,6 � iD��� �:� , 6 v:x> iD��� �:� . Eachof classCity’s three
new derived fragmentsfrom primary fragmentsof
its subclass,School, will merge with any of these
six primary fragmentsof City it hashighestaffinity
countwith. For example,faff( 6 vr}� , 6wv�x� � = 0(for

� � )
- 10(for

���
) - 10(for

�
>
) = -20. Thus, 6 vr}� is merged

with 6 v�x� of City to obtaina final horizontalfragment
of City. All suchmerging will leadto the following
fragmentsof City: 6 �� i��
��� & � ��� , 6 �� i������ & ��� � ,6 �� i~����� & � �:� , 6 �� i~��� ��� . Affinity rule 2 is appliedto
keepeachoverlappingobjectonly with the fragment
it has maximum object-fragmentaffinity ofaff(I,F)
with. Both

���
and
���

are removed from fragment2
aboveandthefinal horizontalfragmentsof classCity
are: 6 �� i$����� & � ��� , 6 �� i$����� & � ��� , 6 �� i7��� �:� .
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Table2: CPUTimes(msec)of IOHF andOOHFAl-
gorithms

Changes OOHF IOHF IOHF
in input time time Gain
Add Queries(AQ) 9509.7 2602.7 6907.0
DeleteQueries(DQ) 6005.2 4223.3 1781.8
AccessFreq(AF) 9224.9 1738.7 7486.2
Add Classes(AC) 10130.6 8947.8 1182.8
DeleteClasses(DC) 6630.0 1962.7 4467.4
Add Instance(AI) 9524.7 7880.5 1644.3
DeleteInstance(DI) 9283.3 7725.7 1557.6
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Figure3: CPUExecutionsTimesof OOHFandIOHF algo-
rithms

4 Experimental Evaluation

Both the correctnessandperformanceof the pro-
posediohf algorithmwereverifiedexperimentallyus-
ing implementationsof theiohf andoohf (Ezeifeand
Barker, 1995)algorithmsin Visual C++, runningon
an IBM PC with processorspeedof 733MHz and
128MB RAM with Windows 2000operatingsystem.
Eight classesin thedatabaseareCountry, State,City,
Road,School,Hospital,HighwayandUrbanroad.For
all changesin input data,theresultsobtainedby run-
ning the oohf from scratcharethe sameasthe frag-
mentationresults obtainedby running incremental
iohf algorithmon all classes,verifying correctnessof
the proposedscheme.Experimentsshow that in all
cases,theiohf takeslessCPUtimethantheoohfto re-
fragmenttheclasses.Thenumberof instanceobjects
in the classesfor the resultof the experimentshown
in Table2 rangesfrom only 2 countriesto 288zones.
The graphicalpresentationof the sameexperimental
datais shown asFigure3.

5 Conclusions

The problemof fragmentinganddistributing data
objectsin anobject-orienteddatabasesystemis com-
plex owing to featuresof encapsulation,inheritance
and classcompositionrelationshipsthat needto be
captured.This paperhandlesa further importantex-
tension of incrementalhorizontal fragmentationof
classesby consideringthe sequenceof operationsto
performon existing fragmentswhenan input datais
added,deletedor changed.The sequenceof opera-
tionswould generallyusethenew input datachange
to definenew temporaryfragmentsof theclasswhich
arethenmergedwith existing fragmentsof the class
basedon affinity rulesandwhetherthe changeis an
addition,deletionor amove.

An example is usedto demonstratethe working
of theschemeandexperimentsshow thatsubstantial
CPUtimeresourcesaresavedby theuseof incremen-
tal approachover the useof re-fragmentationfrom
scratch.Futurework shouldconsiderextendingthis
techniqueto verticalandhybrid fragmentations.
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