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Abstract

We proposea new measureof fuzzy equalitycomparison
basedon thesimilarity of possibilitydistributions.wedefine
a fuzzy equi–joinbasedon thenew fuzzy equalitycompari-
son,andallow thresholdvaluesto be associatedwith pred-
icatesof the join condition. A sort–merge join algorithm
basedon a partial orderof intervals is usedto evaluatethe
fuzzy equi-join. In order for the evaluationto be efficient,
we identify variousmappings,calledFE indicators,thatwill
determineappropriateintervalsfor fuzzy datawith different
characteristics.Experimentresultsfromourpreliminarysim-
ulation of the algorithmshow a significantimprovementof
efficiency whenFE indicatorsareusedwith the sort–merge
join algorithm.

1 Intr oduction

The importanceof representingand manipulatingun-
certain or imprecise information in knowledge–baseand
databasesystemshaslong beenrecognizedin the AI com-
munity andthe databasecommunity. Variousextensionsto
theexistingdatabasemodelshavebeenproposedto incorpo-
rate ill–known datainto the databasesystems,andto issue
andto answerquerieswith soft restrictions.In recentyears,
variousfuzzy datamodelsandfuzzy databasesystemshave
beenproposed[1, 5, 2, 3, 6,10, 8, 11]. Thesemodelsandsys-
temsextendrelationalandobject–orienteddatamodelsusing
the fuzzy setandthe possibility theory[9]. While many of
thesemodelsprovidealgebraicoperations,suchasselection,
join, andprojection,theefficientimplementationof theseop-
erationshasnot beensufficiently studied.Someresearchers
proposeto implementfuzzy databasesystemsasthe front–
endof existing databasemanagementsystems(DBMS). For
example,theOMRON system[3] is implementedasa front–
endof acommercialrelationalDBMS.However, sincefuzzy
dataaremorecomplex thancrisp data,andcannot be pro-
cesseddirectlyby theback–endDBMS, it is notclearif such
an implementationwill be efficient. We believe that effi-
cientimplementationof basicalgebraicoperationsin a fuzzy
databaseis animportantresearchissue.

In this paper, we consider the efficient processingof
a fuzzy equi–join in a possibility–basedfuzzy relational�
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databasesimilar to [3]. Ourcontributionis thefollowing.

1. Weproposeanew measurefor afuzzyequalitycompar-
ison that is basedon thesimilarity of possibilitydistri-
butions.Thisnew measureprovidesanaturalsemantics.

2. Wedefineanew typeof fuzzyequi-jointhatis basedon
the new fuzzy equalitycomparison,andallows thresh-
old valuesto be associatedwith predicatesof the join
condition. This allows more flexibility in specifying
joins andallows the thresholdvaluesto be usedin the
join algorithmfor efficientevaluation.

3. We identify a numberof mappings,called FE indica-
tors,which will associateappropriateintervalsto fuzzy
datasothattheevaluationof thejoin with a sort–merge
algorithmis highly efficient.

4. We presentexperimentresultsthat show a significant
improvementof efficiency whenFEindicatorsareused.

Thereare several works relatedto ours. In [5, 10], the
satisfactiondegreeof a predicateis measuredby both pos-
sibility and necessity. Although the combinationof these
measurescanexplicitly representtheuncertaintyof thesat-
isfactiondegree,aspointedout in [4], theresultingalgebraic
operationscannot be composed,implying that queriescan
notbeoptimizedusingwell–known algebraictransformation
techniques.In [7], thesatisfactiondegreeandthedegreeof
tuplesarethemselvespossibilitydistributionswhichallow al-
gebraicoperationsto becomposed.But themethodapplies
only to discretepossibility distributions,andthe evaluation
of a querymaybevery inefficient dueto many elementsin
thepossibilitydistributions. In [3] thesatisfactiondegreeis
measuredsolely by the possibility. Sincethe uncertaintyis
not explicitly represented,andthe possibility is the upper–
bound, the satisfaction degreeobtainedusing this method
may, at times,becounter–intuitive.

In Section2,webriefly review conceptsof fuzzyrelations.
In Section3, we presenta new fuzzy equality comparison
which is thenusedto definea fuzzy equi–join. In Section4,
we discussa sort–mergejoin algorithmfor evaluatingfuzzy
equi–joins.In Section5,wedefinethenotionof FEindicator
andidentify a numberof appropriateFE indicatorsfor fuzzy
datawith differentcharacteristics.In Section6, we presents
ourexperimentalresults.Section7 concludesthepaper.
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2 Fuzzy
�

Relations
In a fuzzydatabase,a datais crisp if it is certainandpre-

cise,andfuzzy, otherwise.A fuzzydatais definedby a fuzzy
set. A fuzzy (sub)set F of an ordinary set � is character-
izedby a membershipfunction ���
	�����
 ������� . For every
(crisp) value ����� , ��������� is the membershipdegreeof� with respectto (wrt) � , where � � � ���"!#� (respectively,�%$&� � �����'$�� , or � � � �(�)!�� ) meansthat � is a full (re-
spectively, partial,or non)memberof � . If a fuzzydata * is
definedby a fuzzyset � , then, * canonly havea valuein � ,
andthepossibilityfor * to have value � in � is � � � �(� . That* is definedby � � is denotedby *+!,� � . Sinceacrispdata*
canalsoberepresentedby a(degenerated)membershipfunc-
tion, all datawill beuniformly treatedasfuzzydata.

In this paper, we shallusethefollowing genericparame-
terizedfunctionto definemembershipfunctions.

- �.�0/1�324�657�689�:� �(�;!
<====> ====?

��� if �A@B/C$,2 ;���EDF/9�6G9�H2ID%/J�3� if /E$K�L$,2 ;�M� if 2N@B�L@,5 ;�08OD%���6G9��8PD%5Q�3� if 5R$B�L$,8 ;��� if 5R$K8.@K� .

wherethe parameters/ , 2 , 5 , and 8 are valuesin the uni-
versesatisfying /S@T2U@�5%@V8 . In general,the curve of
the genericfunction is a trapezoidal,but canalsobe some
othershapes.For example,

- �.��/W�X2Y�X24�X8Z� definesa triangu-
lar functionsincethesecondandthethird parametersarethe
same.Themembershipfunctionof a crispdata * is defined
by

- �.��*1�6*1�6*1�6*9� . Let *[! - �.�0/1�324�657�689� . Then \'� *J� ,] ��*9� , ^"� *J� and _A� *J� denotethe parameters/ , 2 , 5 , and 8 ,
respectively.

The universe of an attribute \ , denotedby �"�0\R� , is the
setof crispvaluesthatmayappearin theattribute. Thedo-
main of an attribute \ , denotedby `a��\b� , is the set of all
valuesdefinedover �"��\b� . A fuzzyrelation c with aschema��\bdY�fe�efe��6\Ng1� is afuzzysetof tuplesin `a�0\Rd4�9hPi�i�i6hj`a�0\kg1�
with a membershipfunction��lm	Y`a�0\RdQ�Ihnifi�iJha`a�0\kg1�o�p
 �������qe
A tuple r is said to be in a fuzzy relation c if andonly if� l ��rs�utS� . We shalldenotetheattribute \ of fuzzy relationc by c+e \ , andthecomponentof tuple r underattribute \ byr:
 \j� .
3 A FuzzyEqui–join

Thefollowing exampleshowstheneedsfor a fuzzyequi–
join.
Example3.1 Considerthefollowing relation c .

NAME OCCUPATION AGE
Smith Engineer 20
Alan Teacher About32
Bill Lawyer About34

Cindy Teacher Middle age
Mike Farmer 58

Let \N2:v4w�ryxMz ! - �.�0x{���6xMzJ�6x|z9�6x{}Z� , \N2:v4w�ryx7} !- �.�0xMzJ�6x7}1�6x{}��6xM~|� , and
-�� 8M8|��� /M�9� !- �.�0x{���6xM�J�s}Z�9�X�{�|� . The query “Find all pairs of per-

sonsfrom c whoseagesareequalto a degreeno lessthan
0.5” requiresa join of c with itself on attributeAGE.Since
AGE containsfuzzy values,we mustdeterminethe degree
for two fuzzyages,say \N2:v4w�r�xMz and

-�� 8M8|����/M�Z� , to satisfy
thejoin condition \k�)��!�\k�)� . �

We proposethe following new measurefor the fuzzy
equalitycomparison.
Definition 3.1 Let ` be a setof values. The fuzzy equal-
ity on ` is a mapping �)!'	U`�hS` � 
 �J�f��� that for
every pair of values * d ! - �.��/ d �32 d �X5 d �X8 d � and *7�&!- �.�0/ � �X2 � �65 � �68 � � in ` , gives� * d �)!y*7�4�;!��+� �H� ������dY�����3�6��� � �����6��8M��'� /|��������d7�����:�s��� � � �(�s��8M�
where� is over theuniverseonwhich themembershipfunc-
tions are defined,and is interpretedas a summationif the
universeis discrete. �
If membershipfunctionsaredefinedusingthegenericfunc-
tion, thefuzzyequalitycanbeevaluatedefficiently by

��*7���)!,*Q�4��!�� �J� if not *7���a*Q� ;�Y���  �Y� ¡��4�3¢��Y���s£ � otherwise;
(1)

where ¤�� is theareaunder� � � , ¤1� is theareaunder� � � , and¤��¥� is theareasharedby *7� and *Q� . Accordingto this defini-
tion, thesemanticsof predicate� * d �)![*7�Q� is to determine
thedegreeof similarity of * d and *7� . This new measureal-
lows algebraicoperationsto be composed,andobtainsthe
degreeby consideringall ratherthan just the bestpossible
valuesin the fuzzy data. Therefore,it is morenaturalthan
existingmeasures[5, 10, 7, 3].
Definition 3.2 A fuzzyequi–joinof fuzzyrelationsc and ¤
on attributes c+e \ and ¤¦e ] with a threshold§K¨©� , denoted
by c«ª   l�¬ ­(®�¯ � ¬ ° £q±1² ¤ , is a fuzzyrelation ³ with themem-
bershipfunctiondefinedby��´�� ��µ��o! � �q� ��� l �����:�s� � � µ��3�6��¶{����µ��s�6�
where� is a tuplein c , µ is a tuplein ¤ , and��¶M� �1µJ�;!¸· �J� if � �¹
 \u�(�)!,µ(
 ] ���I$m§Z� ,� �¹
 \u�(�)!,µ(
 ] ���3� otherwise.

�
Sincethis fuzzy equi–joinallows the thresholdvalue to be
specified,it is very flexible andcanbe evaluatedmoreeffi-
ciently thanexistingones.

4 An Inter val–basedFuzzyJoin Algorithm

A sort–mergefuzzyequi–joinalgorithm,SMFEJ,is given
in Figure1. Thealgorithmassumesthatfuzzy join attributes



Algorithm: Sort–MergeFuzzyEqui–Join
Sort c on c+e \ basedon º .
Sort ¤ on ¤;e ] basedon º .
For eachpage»¦l of c do

For eachtuple ¼ in »¦l do
For eachpage» � in ¼ � � � ��¼{� do

For eachtuple ½ in » � do
If ��¼9
 \u���)!�½M
 ] ���I¨B§ then

if 8'!S¾"¿ÁÀ��6� ¼9
 \j���)!S½|
 ] � �:�s� l ��¼7�:�s� � �H½4�6��tK�
thenoutput ¼uÂ�½ with degree8 .

Figure1: Algorithm SMFEJ

have numericuniversesand membershipfunctionsare de-
finedby thegenericparameterizedfunction. Let 
 �s� *J�3�3Ã���*9�q�
denotethe interval associatedwith a value * , the sorting
phaseis basedonthepartialorder º definedin [8].
Definition 4.1 Let *Md and * � be two valuesover the same
universe. *Md precedes * � , denotedby *MdFº�* � , if �6� *Md��Ä$�s��* � � , or if �6� *Mdf�P!��s��* � � and Ã�� *MdQ�"$�Ã�� * � � . *Md precedes
or equals to *7� , denotedby * dOÅ *7� , if * d º�*7� or * d)Æ *7� .* d overlaps *7� , denotedby * d �F*7� , if �s� * d �L$�Ã���*7�Q� and�s��*7�Q�I$yÃ�� * d � . Let r d and r�� betwo tuplesin thesamefuzzy
relation. r d º�r�� (respectively, r dnÅ r�� ) wrt attribute \ ifr:
 \j��º,r��{
 \j� (respectively, r d 
 \u� Å r��M
 \j� ). �
For example,if *Md+! - �.�0�9�X~J�XÇJ�6ÈZ� , * � ! - �.�0~J�3É9�3É9�6Ç|� ,
and *7Ê'! - �.�0ÈJ���Q�J�f�{�{�f�Qz|� , andeachvalue * is associated
with the interval 
 \P��*9�:�6_A��*9�q� , we have *Md Å * � Å *7Ê and*Md;�a* � .

In the joining phase,eachpageof c is readonce. For
eachtuple ¼ in c , the ¤ –tuplesthatmayjoin with ¼ arein the
rangeof ¼ asdefinedbelow.
Definition 4.2 Let ¤ besortedon ¤¦e ] accordingto º . The
range (of ¤ tuples) of a tuple ¼.�Uc , denotedby ¼ � � � � ¼{� , is
thelongestsequence[ ½ d �3½Q�7��efe�ef�X½4Ë ] of tuplesin ¤ , suchthat½Q� Å ½�� for all �)@ � $ÍÌ.@,Î , ¼Z
 \j�Ï�j½ d 
 ] � , and¼9
 \j�Ï�j½QË�
 ] � .�
Thus,only thosepagescontainingtuplesin ¼ � � � � ¼{� needto
bescannedwhen ¼ is processedin thejoining phase.

5 FuzzyEquality Indicators and Filters

In practice,a limited buffer spaceis available,therefore,
duringjoining phase,apageof ¤ maybeswappedin andout
of thebuffer if it is in rangesof multiple c –tuples.Thekey to
theefficiency of SMFEJis to associateappropriateintervals
with fuzzyattributevalues.
Example5.1 Assumethat c has a tuple ¼ with ¼9
 \u�K!- �.�Ï�Q�J�f�f�J�6}M���s}M�Z� , and ¤ contains exactly the tuples½Yd4�fe�e�ef�X½QÐ with ½Yd7
 ] �p! - �.�0�J�X�9�3z7���Xz7�Z� , ½ � 
 ] ��!- �.��~��6~��6ÈJ�XÈ|� , ½fÊM
 ] ��! - �.�s�f�����f���s}|�J�s}|�|� , ½fÑM
 ] �¸!- �.�Ï�M�{�f�{�{�f�f~����f~Z� , ½fÒM
 ] �o! - �.�s�Q�9�f�Q�J�s}|�J�s}Z�M� , ½QÓ{
 ] ��!- �.�0z{�J�3z7�J�Xx{���6x{�Z� , ½fÔM
 ] �o! - �.�Hz7�J�3z7���X�7���X�{�|� , ½QÕ{
 ] ��!- �.��x|z9�XxMz9�Xx{~��6x{~Z� , and ½ Ð 
 ] �C! - �.��x|�9�6x|�9�X~{�J�X~{�Z� . If

join attributevalue* is associatedwith interval 
 \P��*9�:�6_A��*9�q� ,
then ½ d ºK½Q�)º,½ Ê i�ifiJº,½ Ð , ¼9
 \u�9�Ö½ d 
 ] � , and ¼9
 \u�Z�Ä½ Ð 
 ] � .
So, all ¤ –tuples are in ¼ � � � ��¼{� . For

� ! �{�XzJ��efe�e��XÈ ,��¼9
 \u�×�)!Ø½ � 
 ] ��� equalsto 0.29, 0, 1, 0.17, 0.71, 0.33,
0.5, 0.13, and 0.1, respectively. If the join condition is�0c+e \V�)!�¤;e ] �.¨���e � , only ½QÊ , ½QÒ , and ½ Ô join with ¼ . If
the thresholdis raisedto 0.9, only ½fÊ joins with ¼ . But in
both cases,all ¤ –tuplesmustbe scanned.However, if the
intervalsareassignedaccordingto Theorem5.5for §Ö!S�Je¥� ,
wehave ½Q�bºS½ d ºS½ Ñ ºy½ Ê º,½ Ó ºy½ Ò º,½QÔ)ºy½QÕ)ºy½ Ð and¼ � � � � ¼{� being 
 ½ Ê , ½ Ó , ½ Ò , ½QÔ:� . Thus,the join only needsto
scanabout50%lessnumberof tuples. �
In general,¼ � � � ��¼7� may containtuplesirrelevant to ¼ , and
the numberof suchtuplesmay increasewith the threshold
value.Theseirrelevanttuplesmayberemovedfrom ¼ � � � ��¼7�
if theassignmentof intervalsis by anappropriatefunctionof
thethresholdvalue.
Definition 5.1 Let ` be a set of values,and Ù be the set
of intervals definedon the set of real numbersÚ , that is,ÙÍ!©Û|
 ���6µM�¦Ü4�L@Bµ and ���sµa�aÚLÝ .

1. A mappingÞA	7`ßh%
 �������W�àÙ is anFE (fuzzy equality)
indicator over ` if for any * d �6*7�Ö�×` and §y����������� ,� * d �)!y*7�4��¨K§ implies Þ¦��* d �6§(���ÄÞ¦��*7�7�s§�� .

2. An FE indicator Þ is stronger thananotherFE indicator� , if for every *×�,` andevery §��©�0�J����� , Þ¦� *W�s§��'á����*1�6§(� .
3. An FEindicator Þ is perfect if for everypairof *Md4�6* � �` andevery §L�F�0�J�f��� ,

(a) Þ¦��* d �s§��7�)Þ¦��*7�{�6§(� if andonly if ��* d �)!,*7�Y��¨B§ .

(b) if ��*Md'�)![* � �)$©§ , thenfor every *%�yÛf�,Ü��K�` and � �Ö�)!y* � ��¨K§�Ý , eitherÞ¦��*MdY�6§(��ºyÞ¦� *W�s§��
or Þ¦��* d �s§���âKÞ¦��*1�6§(� . �

Intuitively, usingan FE indicator to assignintervals to join
attributevalueswill guaranteethataftersorting,all ¤ –tuples
relevantto a tuple ¼ arein ¼ � � � � ¼{� , usinga stronger(or per-
fect) FE indicatorwill guaranteethat ¼ � � � ��¼{� containsless
(or no) irrelevant tuple. In the following, we shall identify
a numberof desirablemappingswhich areefficient to com-
pute,areasstrongaspossible,andassignsmallerintervals
for higher threshold. Whethera particularmappingis de-
sirabledependsin generalon thecharacteristicsof both the
mappingandthe typeof attributevalues.We shall consider
the ã mappingsof thefollowing form.ãÖ��*1�6§(�o!�
 \'� *J��äKåR� *W�s§��3�X_A� *J�¹D×åR� *W�s§��H�
where å is a monotonicallyincreasingfunction of § , andåR��*1�X�|�'¨�� . The join attributevaluescomein threetypes,
namely, their membershipfunctionsmayhave the identical,
similar, or arbitraryshapes.Thesetypesof valuesarede-
notedby `Pæ , ` � , and ` , respectively.

For ` æ , we have the following theoremand corollaries
(theproofsareomitteddueto limited space).



Theorç em5.1 Themapping����*1�6§(�;!¸· � d � *W�s§�� if �"$B§A$mè ,�{�M� *W�s§�� if è"@K§A@�� .

is a perfectFE indicatorover `Pæ , where� d ��*1�6§(�é! 
 \P� *J��ä �z Û zY§�oä×§ 
Á�0_A� *J�¹DF\P� *J�s� �DO�0^"��*9�¦D ] � *J�s� � �HÝ d6ê � �_A��*9�¹D �z Û zY§��äÍ§ 
Á�0_A� *J�¹DF\P��*9�6� �DO�0^"��*9�¦D ] � *J�s� � �HÝ d6ê � ��{�{��*1�6§(�é! 
 \P� *J��ä ��ä×x{§}NäÍ}M§ �0_A� *J�¦DF\P��*9�6�D �jD%§}käÍ}M§ �H^"� *J�¦D ] � *J�s�:�_A��*9�¹D ��ämx7§}Nä×}{§ �0_A� *J�¦DF\P��*9�6�ä �jD%§}käÍ}M§ �H^"� *J�¦D ] � *J�s�q�è ! ��_U� *J�¦DF\P� *J�s�;DK�H^"� *J�¦D ] ��*9�6���_U� *J�¹D%\'� *J�s��ä×x1�0^"� *J�¹D ] ��*9�6� �
Corollary 5.2 If theshapeof valuesin ` æ is triangular, the

mapping� Ê ��*1�6§(�;!&
 \'� *J�{ä%ë ²� ¡ � ² ��_U� *J�ZDE\P��*9�6�3�X_A� *J�ZDë ²� ¡ � ² ��_A��*9�¦D%\'� *J�s�H� is a perfectFE indicatorover ` æ . �
Corollary 5.3 If theshapeof thevaluesin ` æ is rectangular,
themapping� Ñ � *W�s§��o!�
 \'� *J�7ä ²d ¡�² �0_A� *J�|D.\P��*9�6�3�X_A� *J�7ä²d ¡(² �0_A� *J�¦DF\P��*9�6�H� is a perfectFE indicatorover ` æ . �

For ` � and ` , wehave thefollowing proposition.
Proposition5.4 No ã mappingis a perfect FE indicator
over ` � (respectively, ` ). �
Thus,we canat thebestfind thestrongestFE indicatorsfor` � and̀ amongã mappings1. Considerasubsetof ã map-
pings,the Þ7Ë mappings,of thefollowing form.Þ7ËZ��*1�6§(�o!�
 \'� *J�sä § Î ��_U� *J�3Du\P��*9�6�3�X_A� *J�3D § Î �0_A� *J�3Du\'� *J�s�H�q�
whereÎa¨yz is aninteger, and Þ7ìÄ� *W�s§��;!�
 \P��*9�:�6_A��*9�q� . We
have thefollowing theorems.
Theorem5.5 Among Þ{Ë mappings,Þ7� is the strongestFE
indicatorover ` � . �
Theorem5.6 Among Þ{Ë mappings,Þ Ê is the strongestFE
indicatorover ` . �
Notice that amongthe threeFE indicatorsidentified, � is
strongerthan Þ � whichis in turnstrongerthan ÞYÊ . However, �
and ÞY� areno longerFE indicatorsfor datasetsmoregeneral
than ` æ and ` � , respectively.

1It is anopenproblemto find perfectFE indicatorsthatarenot í map-
pings.

6 Experiment Results

We have conductedpreliminaryexperimentsto studythe
performanceof Algorithm SMFEJ using various types of
dataandtheFE indicatorsidentifiedin theprevioussection.

Threeexperimentsareperformedusinga SUN SPARC-
Station5, andtheperformanceof thealgorithmis measured
by thenumberof I/O pagesreadfrom the inner relation,as
the I/O cost, and the numberof comparisonsmade,as the
CPUcost.For simplicity, wemeasureonly thecostsincurred
during the joining phase,with the I/O costsof readingthe
outerrelationandwriting resultsomitted. For eachpair ofc and ¤ tuples,a comparisonis madeon the join attribute
valuesto determineif they overlap,andif they do, another
comparisonis madeto determineif they actuallyjoin. In or-
der to illustratetheeffect of FE indicators,only a minimum
amountof buffer spaceis assumed,thatis, onepagefor each
input relation. For eachpageof relation c , onepageof re-
lation ¤ is readat a time,andall join resultsthatcanbeob-
tainedfrom thetwo pagesareobtainedbeforethenext page
of relation ¤ is read.It is straightforwardto seethata larger
buffer spacewill reducethe I/O cost. However, with more
buffer spaceavailableto the algorithm,usingFE indicators
will savemoreCPUcostthanI/O cost.

In theexperiments,theexecutionof Algorithm SMFEJis
simulatedusingdifferent typesof syntheticdata. For each
experiment,both relationshave 30,000randomlygenerated
tupleswith the identical type of datain the join attributes.
Theuniverseof thefuzzyjoin attributescontains1,000units,
whichcanbethoughtof astheinterval [1, 1000]of realnum-
ber. Theuseof theunit allows thedatato beinterpretedeas-
ily for variousapplications. The datain the join attributes
arerandomlygeneratedwith guaranteedcharacteristics,such
assimilar or identicalshape. For all experiments,the per-
formanceof Algorithm SMFEJwith FEindicator Þ{ì is used
asthereference,andtheperformancesof thealgorithmwith
othertypesof FEindicatorsareexpressasapercentageof the
reference.To show themagnitudeof thecomputationalcost,
thenumberof pairsof tuplesthatactuallyjoin is alsogiven.
Dueto limited space,only theresultof oneexperimentis re-
portedhere. In this experiment,the datasetallowed in the
join attributesis ` æ with a randomlydeterminedshape.We
compare4 FE indicators: Þ ì , Þ Ê , ÞY� , and � . As shown in
Table1, � outperformsÞY� which outperformsÞ Ê which out-
performs Þ7ì . This is becausethat � is the strongestFE in-
dicator. Theeffectivenessof usingappropriateFE indicator
is shown clearlyby theincreasinglylargerpercentageof sav-
ing obtainedfor increasinglyhigher threshold. Compare�
with Þ7ì , the percentageof saving on I/O cost rangesfrom
21.2%to 99.7%with an averageof 57%, andthat on CPU
costrangesfrom 11.9%to 99.5%with anaverageof 54.3%.



Experiment1Þ7ìÄ��*1�6§(� ÞYÊM� *W�s§�� Þ � � *W�s§�� �(� *W�s§��
Threshold # of Join CPU I/O CPU I/O CPU I/O CPU I/O

0.1 379573588 1.000 1.000 0.968 0.942 0.952 0.915 0.881 0.788
0.2 318669158 1.000 1.000 0.932 0.886 0.897 0.829 0.796 0.662
0.3 262396178 1.000 1.000 0.889 0.829 0.831 0.739 0.705 0.545
0.4 211771896 1.000 1.000 0.840 0.769 0.754 0.646 0.611 0.440
0.5 167719006 1.000 1.000 0.784 0.708 0.665 0.549 0.517 0.349
0.6 126680774 1.000 1.000 0.720 0.646 0.560 0.444 0.417 0.263
0.7 91196660 1.000 1.000 0.648 0.582 0.445 0.340 0.318 0.190
0.8 57147246 1.000 1.000 0.563 0.512 0.313 0.231 0.212 0.119
0.9 27095108 1.000 1.000 0.474 0.444 0.166 0.119 0.107 0.057
1.0 1214944 1.000 1.000 0.376 0.375 0.005 0.003 0.005 0.003

Table1: Experiment1 results

7 Conclusion
In thispaper, weproposeto measurethefuzzyequalityby

thesimilarity of possibilitydistributions,anddefineatypeof
fuzzyequi–joinbasedonthisnew measureof fuzzyequality.
Thresholdvaluescanbespecifiedwith the fuzzy equi–join.
A sort–mergejoin algorithmusinga partialorderover inter-
vals to sort datais usedto evaluatethe join. We identify a
numberof mappings,calledFE indicator, thatdetermineap-
propriateintervalsfor fuzzydata,sothatthefuzzyequi–join
canbeefficiently evaluatedusingthesort–mergealgorithm.
Our resultsareverifiedwith experiments.
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