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ABSTRACT

Fuzzy Range Query in XML
by Dexiong Terry Zhang

This writing project presents a new approach toeément a fuzzy range query solution
for retrieving Extensible Markup Language (XML) daEver since XML was
introduced, it has become a web standard to desdeta on the Internet. The need for
performing range query against XML data is growdlag by day. Many search service
providers are eager to improve their solutionsange query against XML data. The
project studies and analyzes the limitations orctireent range query solutions. The
project also proposes a new solution using fuzayasdic analysis to quantify XML data
so that it can be represented within a range. islascomplished by applying fuzzy logic
algorithm to classify and aggregate XML data basethe semantic closeness. An
intuitive web interface is also introduced to dié tiser to input fuzzy search criteria.
Instead of specifying crisp values in the currentisons, the user can simply drag and
drop to indicate fuzzy values. Therefore, it's maser-friendly and desirable for fuzzy

range query.
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1 Introduction

We are living in the century of information. Humlaas never relied so much on
information before. Everyday, millions of peopldisurf on the web and look for all
kinds of information. Many websites survive by shifing the need of these people.
These websites provide some kind of service to petple to search the information
they want. The key of success for these websitdgiprocess of query should appear to
be simple to the users and the result of the gsteould be accurate. This means an easy

to use interface and a powerful search engineeapained.

As the Internet evolves, information stored in lBsible Markup Language (XML)
structure becomes popular on the web. Currentisakifor search engine are facing
some difficulties on query, especially range quagainst loosely structured XML data.
This project seeks to provide a better solutiofoth interface and search engine to
handle range query. By applying fuzzy logic to shangine and introducing an intuitive
interface, the project presents a new solutiomdage query against XML data. The
solution intends to address the need of range dfummythe end-users’ perspective and is
designed to be adopted in various domain. An implaation of the solution is provided

to demonstrate the query result is desirable armhingful to the end-users.

The rest of the report is organized as following:
» Section 2: Discusses limitations on current sohgiand proposes project goal.
» Section 3: Explains the project design includinghhlevel architecture and detail
design of each component.
» Section 4: lllustrates various technologies andstased in the implementation
and presents the experimental result.

» Section 5: Outlines the contributions and suggiesise work for the project.



2 Project Overview

In order to come up with a better solution on raggery, we first need to study and
analyze the limitation of the solutions currentiagable. The aspects which need to be
improved in the current solutions are identifietie techniques can be introduced to

achieve the improvement on these aspects.

2.1 Evaluation of Current Solutions

Currently, there are many search engines avaitabtée Internet. However, not much of
them can handle range query very well. One of tagmimitations is the restriction on
the range input. Another limitation is the ignoraran the user preference. Last but not

least is the difficulty on handling linguistic data

2.1.1 Restriction on Range Input

A common way to specify search criteria in searofiree with range query is accepting
numerical input from the users. One of the chargstie of this approach is it can only
allow crisp input. This means the user has to igputhoose a specified value for the
qguery and the result generated will only matchdtigp input the user specified. A very
good example will be the product search based ioe.prhis kind of service is available
on most of the website. Figure 1 shows a commarfaxte of range query service to
search for products based on their price. Theigsasked to type in the value of the
range of his/her expected price. If the user sftihe range to be from $200 to $500,
the generated result will include all products vatprice between $200 and $500
inclusively. This makes sense from a technical {poirview. In reality, products are

more likely to be listed with a price in the forrh%199.99, $199.95 or even $195. These
products will not be included in the search reatiien using traditional search engine
with the input sample mentioned above. Howevemftbe end-users’ perspective, many

people are willing to buy a product with a pricebd®9.99 and even $195 although the



specified lower bound is $200 when they are shapfinproducts. Also, many people
may consider $505 is the same as $500 althougbrtuict price is greater than the
specified upper bound. The direct impact to the-esel is he/she may not find the

desired product because this limitation on theandrsearch engine.

$ -5

Figure 1: A typical range query interface on price

2.1.2 Ignore User Preference

For most search engine currently available, thecha@sult of a range query is supposed
to include a list of items that with search crigefiall into the specified range. This search
result is usually sorted and presented in an isangaor decreasing order based on the
search criteria. This can be easily done from teehipoint of view but may not be
desirable from the end-users’ perspective. Somgteople may have a preference in
mind when searching for products. For example e oy want to search for products
with price between $200 and $500. The user may haancern that products with price
lower than $200 have poor quality and products witbe higher than $500 are way too
expensive for his/her budge. In this situation,uker may consider products with price
of $300 are more desirable because the producesreasonably good quality and he/she
doesn’t need to spend too much money. However, whirg search engine currently
available, the search result will be sorted eiffen $200 to $500 or from $500 to $200.
This means the user preferred products will naelerned first and the user has to scan
through the result to look for the preferred pradu@his redundant work may bring

frustration to the user when he/she has to selrolgh the result.

2.1.3 Difficulty on Handling Linguistic Data

One very obvious characteristic for most of the@uotly using search engines is they

have difficulty on handling linguistic data. To gquegainst linguistic data, most of the
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search engines will use exact match instead oferamafch. For example, Figure 2 shows
an interface for searching wine based on its td$te.user can specify the taste of desired
wine by selecting the check box in front of the evtaste. The search result will be a list
of wine with taste matching the specified inputth®ugh this approach can be used for
range query against linguistic data, it is not vietyitive to specify a range and may
cause some confusion. In this example, the usetoheadect all wine taste within the
range he/she wants. If the user wants the searchirie with taste between “Extra Dry”
and “Semi Sweet”, he/she has to select all chegk®éor “Extra Dry”, “Semi Dry” and
“Semi Sweet”. If he/she selects only “Extra Dry'dditemi Sweet”, the search engine
cannot produce the result he/she expected. A nesieus problem is that this kind of
search engine cannot address the fuzziness ofdingterms. The current solution
requires all the linguistic terms to be specifiedhie interface. If a wine has a taste
between “Extra Dry” and “Semi Dry”, it has to bassified using other linguistic term
like “Somehow Dry” and be specified in the intega©therwise, this wine cannot be
found by any query. The impact is the interface el awkward if the available selection
is huge. For instance, if there are more than tyvdifterent wine tastes available, this
interface will create confusion for the user.

Wine Taste

O Dry (1,419)

] Extra Dry (105)
] Semi Dry (18)
[]1Semi Sweet (125)
[]Sweet (1,462)

Figure2: A typical interfacefor linguistic search
2.2 Project Goals

The objective of this project is to provide an aitgive solution to the current search

engine with respect to range query. It is importaninderstand that this project is not
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trying to develop a solution to replace any exgsolutions on range query under any
circumstance. Rather this project seeks for a igoiub address the limitation of the
current search engine on range query hence pravigihanced alternative. The project
is developed with the following goals.

2.2.1 Fuzzify Range Input

Since the current search engines enforce restrictiothe range input, only items with
search criteria fall into the specified search eamgl be returned. The proposed solution
addresses this issue by including reasonable anobiteims, which with search criteria
fall outside but still close to the user specifss@drch range, to be returned in the search
result. The key is allowing fuzzy input from theesugnd using fuzzy logic to fuzzify the
range input. By doing so, the user input is no &rgisp and the amount of return result

that satisfied the range input can be adjustable.

2.2.2 Allow User Specified Preference

The proposed solution also addresses the issire afidbility to specify user preference
in current range query solutions. Current rangegselution can only return search
result in ascending or descending order. Includipgeference value can provide
additional control based on the user interestBY]allowing the user to specify a
preference value on the range input, the proposketian returns the search result in
order of “closeness” to the preference value. Ttisseness” value can be considered as
the ranking of a product and it is achieved by g$uzzy logic to determine the
relationship between the preference value anddtimbdata value [2]. Combining the
fuzzy algorithm for the range query and the prefeeevalue, the ranking value can
represent the desirability of each search item.sEaech result then returns the items in
descending order by the ranking value thereforeytiegy result is more desirable to the

user.

12



2.2.3 Enhance Linguistic Range Query

The range query solution from many search engingeiatly available has limitation on
guerying linguistic data. Both search engine anerface cannot address the need for
linguistic range query very well. A linguistic ramguery solution is converted from the
proposed fuzzy numerical range query solution. €hisversion enables the proposed
solution to handle linguistic data. Enhancemenibise to both search engine and
interface to increase the usability. The user i8 able to fuzzily specify the linguistic

range with preference value to obtain desirablecka@sult.
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3 Project Design

For this project, a fuzzy range query solutiomisaduced and developed. The solution
contains three major components which include geauery interface, a fuzzy search
engine, and a native XML database. The range goasface collects input from the
user and sends it to the fuzzy search engine. @&rels engine generates the query and
sends the query to the native XML database toenetrdata. The data is sent back to the
search engine. The search engine then fine tungstiacto create the search result and
sent it to the interface. Then the interface wiltput the result to the user. Figure 3

shows the high level architecture of the solution.

Figure 3: Range query solution architecture

3.1 Range Query Interface

The range query interface is designed to be inidind user-friendly. Since the interface
is supposed to be used on both numerical range @nelr linguistic range query, it needs
to be able to collect input as both numerical amguistic terms. Besides this, the
interface needs to be simple enough since redudl@gtructure complexity of the
interface can improve the efficiency of the inted43]. A simple approach for designing
the interface is to allow the user to type in thege value such as in Figure 1. By using
input fields, the user can key in both numerical Bmguistic values. However, this
creates ambiguity because the user can type imiaigytie/she wants. This means the
input data from the user cannot be guaranteed t@lise Hence simply using input field

for the interface is not a desirable approach.
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Another common approach for the range query interfa to let the user selecting from
drop down menus. An example is shown in Figureh& User can use this interface to
search on items with size between medium and gcdl the user can also specify
“Between Big and Medium” instead of “Between Mediamd Big”. It does not
necessary mean that the user has preference @irstHimguistic term over the second
one. The major disadvantage of this interfaceas ithcan only take crisp input. For
linguistic range query, all available linguisticrtes have to be added to the drop down
menu so that they can be selected by the usenufoerical range query, the drop down
menu can only allow the user to specify limited twemof predefined ranges. This highly
reduces the flexibility of the interface so thabgidown menu cannot satisfy the need for

the range query interface.

Size  Between |[Medium v gnd |Big v

Figure 4: Samplelinguistic range query interface

The ideal approach for the range query interfate isse a slider interface which can
accept range input. A traditional slider interfacgludes one slide track and one slide bar
which prohibits the interface from accepting ramgeut. But using double slider with

one slide track and two slide bars can allow thex ts specify a range. Such interface is
illustrated in Figure 5. In this example, the usan specify the price lower bound of the
input range using the left slide bar and specié/ghce upper bound of the input range
using the right slide bar. It also shows the preggresentation of each slide bars
regarding to their position on the slide track. is®this interface can only accept crisp
input since the slide bars move at a $25 increndémis is a limitation which can be

easily removed.

Price Range
§175 b lg375

Figure 5: Doubledider interface example
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The final design of the fuzzy range query interfearethis project is inspired from the
double slider interface above. The fuzzy range yjirgerface has one slide track and
three slide bars. The length of the slide trackdaigs the maximum size of the available
search range. The slide bar on the left is ussgé¢aify the lower bound of the input
range and the slide bar on the right is used toigpihe upper bound of the input range.
The user can use the slide bar in the middle toigpine preference value. None of the
slide bar can be moved cross other slide bars.r€éktsiction can ensure that the
preference value is set to be within the speciféaje hence eliminating ambiguity. This
interface can also be used to fuzzily accept listguinput. To do so, the lowest available
linguistic value and the highest available linggis@alue in the search pool need to be
identified and presented on the interface. This,tag length of the slide track represents
entire linguistic range that is available for séang. Then the user can use the two slide
bars on the outside to specify a fuzzy range otittigeiistic data. The slide bar in the
middle can be used to fuzzily specify a preferreduistic value. Therefore the interface
can be used to handle both numerical and linguiatige query. This approach provides
a fuzzy range query interface which is more flexibhd intuitive than tradition interface

using input fields or drop down menus.

3.2 Fuzzy Search Engine

Fuzzy logic has been used in various applicationsifong time. In the project, fuzzy
algorithm is embedded in the search engine to gémenore desirable search result.
Since the search engine is designed to perfornmerguagry, the choice of fuzzy algorithm
is also intended to optimize the performance ofjeaquery. Two different designs are
included in the solution. Both designs can genardsonable result but their
performance is slightly different. The choice opiementation on the designs should be

based on the application and search domain.
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3.2.1 One Level Fuzzification

The first design is similar to other common apploecfuzzy logic implementation. This
design uses one level fuzzification and it defitves membership functions base on the
user specify range and preference value. Then @mbarship degrees of the two
functions are aggregated. Another membership fangs used to define a score for the
search item. The score value is used to rank @relsétems which means items with
higher score will show up before items with loweor®. The score is defuzzified based
on fuzzy rule set and is used later to sort thecber@sult. To illustrate the design, an
example of range query based on price is usethelexample, the search engine
performs range query on a data pool with minimuiepis $0 and maximum price is
$100. The user specifies the search range to hiloweea bound of $40 and an upper
bound of $70. The user preferred value is set tBafe

The membership function of the user specified $esange over price is defined with a
trapezoid function. As shown in Figure 6, thRange function calculate the
membership degree of an item based on whethetaimehas a price fall within the user
specified range. For items with price between $4d %70, they will have aimRange
membership degree of 1 which means the price sktiiems are definitely within the
user specified range. TheRange membership degree will decrease rapidly when the
price of an item is getting greater than the pupper bound or smaller than the price
lower bound. This indicates that the price of tieeniis moving away from the user
specified range. Ultimately, items with price whistoo far away from the search range
will receive a membership degree of 0. For themmst their price will certainly be

considered as outside of the user specified range.

17
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Figure 6: Membership function for search range

Another membership function is used to define ttedgured price specified by the user.
This preference  membership function is a Gaussian bell functiostasvn in Figure
7. It indicates how far an item is away from thefprred price. The function has a peak
at $60 which means an item will have a membersbgrek of 1 if it has a price of $60.
Item with price greater or less than $60 will h&tsenembership degree determined
based on the distance to the preference valuecé\tttat the price variable in this
function uses a different name than the price bégian theinRange membership

function. This is necessary and will be explaireged in this section.

- -
4 price? N [=] %]
price2

1.0
08
08
o 07
£
@ 06
a
= 05
a
2 o4
03
02
0.1
00
20 El| 40 50 &0 70 20 o0 100
|— preferencel

Figure 7: Membership function for preference value
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One more membership function is used to defingdhking of an item. Theesult

function in Figure 8 is used to defuzzify theore of an item from thénRange
membership degree and fieference membership degree of the item. The

inRange membership degree and thieference membership degree are aggregated
together based on the fuzzy rule set explained. [ateeresult  membership degree

will then be defuzzified in to numericatore value. In this example, the minimum

score is 0 and the maximuscore is 100.

T MEIx

score

10
L]
L]

o 07
% 08
@
a
2 o5
a

204
03
02
0.1
oo

10 20 30 40 50 &0 70 80 a0 100
X

|— resultl

Figure 8 Membership function for score

In this design, only one simple rule, which is shaw Figure 9, is needed. The rule is
designed to be fired every time so thatare value will always be returned. The rule
use anPAND operation which means when bathicel IS inRange andprice2

IS preference conditions are satisfied,sgore value will be generated. As
mentioned above, thwicel andprice2 variables actually have the same value. If
only one “price” variable is used, we will have twembership functions for this “price”
variable. Then we will not be able to use &dDoperation sincANDoperation doesn’t

allow two conditions from the same variable.
IF pricel IS inRange AND price2 IS preference THEN score IS

result

Figure9: Fuzzy rulefor onelevel fuzzification
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After fuzzy rule is fired, theeturn membership function will be defuzzified with a
shape as shown in Figure 10. In this example,hbpesis for an item with a price of $50
and it obtains acore of 60.7. The defuzzification process uses Left Mdax method
which determines the defuzzification value by tingt imaximum membership degree
from the left side of the shape [4]. In this exagphe maximum membership degree is
0.61 and the first value from left side to haveembership degree of 0.61 is 60.7.

Therefore, the final score is 60.7.

( £, score : 60.7(LeftMostMax) Q@

score : 60.7(LeftMostMax)

0.60
055
0.50
045
0.40
035
0.30

Membership

025
0.20
0.15
0.10
0.08

0.00
o

10 20 30 40 50 &0 70 a0 an 100
X

Figure 10: Defuzzification of score

This design of the fuzzy search engine has a behatialways firing rule. Also its
population density of the score tends to be higinethe two ends of the search range.
This means the score value for items with very lsgbre are close to each other and so
as for the score value for items with very low scdrherefore, this design performs

better when the search pool has lower density.

3.2.2 Two Levels Fuzzification

The other design is revised from the one levelification. This design uses two levels
fuzzification. In this approach, the data valustfivill be fuzzified to obtain the
membership degree. Then the membership degrebenmilizzified again based on other

20



membership functions. The idea is to classify datae into different categories. Let's
use the same example as the one level fuzzificasign to show the difference of the
two designs. We have a data pool with minimum pigcg0 and maximum price is $100.
The lower bound, preference value and upper boumdet to be $40, $60 and $70

respectively.

In this design, we have only one price variableahhncludes two membership functions
as shown in Figure 11. TleputRange membership function is defined as a trapezoid
function and th@reference  membership function is defined as Gaussian bell
function. ThenputRange function determines whether the price of an iterwithin

the user specified range. When an item has a ptideh is between $40 and $70, the
item gets a membership degree of 1. For items pvitte fall outside of the user specified
range, their membership degree is calculated basieeoshape of the trapezoid. The
preference  membership degree is calculated to reflect thiaudée between the price
of an item and the preferred price. When an itemaprice of $60, itpreference
membership degree is 1. When the price of an isegeiting further away from the

preferred price, itpreference  membership degree will get smaller.

£ price E]@

price

20 30 40 50 &0 70 80 j=lu] 100
X

|— preference — inputRangel

Figure 11: Fuzzification of price

After we obtain both thenputRange and thepreference  membership degrees, we

can use these two membership degree values asfangutther fuzzification. For the
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inputRange membership degree, we classify it into three ciifié categories with
three membership functions:
* inside :Represents items with price fall within the uspecified range.
» onedge : Represents items with price fall outside of hilt dlose to the user
specified range.
» outside : Represents items with price which is far awayrfithe user specified
range.
As we can see in Figure 12, an item withrgsutRange membership degree at 0.9
will receive a 0.6 membership degreeinside , a 0.4 membership degree @medge ,
and a 0 membership degreeaurtside . This means the item is more likely to be
considered amside overonedge and it will not be considered astside
Therefore, the price of the item is more likelybewithin the user specified price range.
On the other hand, if an item hasiaputRange membership degree at 0.6, its
inside  membership degree will be 0 which means the itéimat be considered as
inside . Theoutside andonedge membership degree will be 0.6 and 0.4 which
means the item is more likely to batside thanonedge . The price of the item then
can be considered far away from the user spequiie@ range.
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Figure 12: Fuzzification of inputRange membership degree
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Thepreference  membership degree is also fuzzified again. Thiéerdnt
membership functions are used for the fuzzification

» close : The price of the item is close to the user spestipreferred price.

* middle : The price of the item is not so close but alsbtoo far from the user

specified preferred price.

» far : The price of the item is far away from the ugsrdfied preferred price.
In Figure 13, if an item hasmeference  membership degree of 0.9, its
membership degree will be 0 which means the prickeoitem is definitely not too far
from the user specified preferred price. The iteaidse membership degree will be
0.8 and itaniddle membership degree will be 0.2. This means the vidhbe
considered more atose thanmiddle and the price of the item should be really close
to the user specified preferred price. In contiégihe preference membership degree
of an item is 0.3, it will get a O on tlsbose membership degree which indicates the
price of the item is certainly not close to theruswecified preferred price. However,
since the item will get a 0.6 on theddle membership degree and a 0.4 onftlre
membership degree, the item is more likely to bestered asniddle thanfar . This

means the price of the item is slightly far awaynirthe user specified preferred price.
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Figure 13: Fuzzification of preference membership degree
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Once all the membership functions for fuzzificatame defined, we need to define
membership functions to defuzzify tekeore of an item. Thescore can have a value
from O to 100 and there are five membership fumstimr thescore value as shown in
Figure 14.

* Veryhigh : Provides more weight for the very high portiorthescore range.

» High : Provides more weight for the high portion in Huere range.

* Middle : Provides more weight for the middle portion ie fitore range.

» Low: Provides more weight for the low portion in g@re range.

* Verylow : Provides more weight for the very low portiortle score range.
The membership degree of these five membershigitungcwill be set according to the
fuzzy rule set. Then the final value of heore is defuzzified by the shape created by

these five membership functions.
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Figure 14: Membership functionsfor score defuzzification

The defuzzification process is made by the rulelsdhis design, the rules a#dND
operations between theputRange membership degree and threference
membership degree. For example, if an iteimpgitRange membership degree is
fuzzified asinside and itspreference membership degree is fuzzifieddsse

the item will get areryhigh  on itsscore . After all rules are tested, the membership

24



functions of thescore can be used to defuzzify the final score values détail rule set

is illustrated in Figure 15 and 16.

IF inputRange IS inside AND preference IS close THE N
score IS veryhigh;

IF inputRange IS inside AND preference IS middle TH EN
score IS high;

IF inputRange IS inside AND preference IS far THEN
score IS middle;

IF inputRange IS onedge AND preference IS close THE N
score IS middle;

IF inputRange IS onedge AND preference IS middle TH EN
score IS low;

IF inputRange IS onedge AND preference IS far THEN
score IS verylow;

Figure 15: Two level fuzzification rule set

inputRange
onedge inside
far verylow | middle
preference | middle low high

close middle | veryhigh
Figure 16: Fuzzy rule set matrix

The final score is calculated by the five membgr$hinctions ofscore . These five
membership functions form a shape based on themlreeship degree. Figure 17 shows
the defuzzification graph created when the itemehpsce of $50. After the shape is
created, the region of the shape is defuzzifieol amte single score value by using the
Center Of Gravity method. The Center Of Gravity moel first calculates the center of
the shape and then finds its representation ohdhezontal axis [4]. This value on the
horizontal axis is then used as the final scoraevator the shape in Figure 17, it creates
a final score of 75.52.
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Figure 17: Score value defuzzified by region

The two levels fuzzification design allows the slatems to be classified into different
categories. The first level fuzzification turns thput data value into membership degree.
The second level fuzzification then fuzzify the nimrship degree come from the first
level fuzzification. This design can generate tt@s value tend to be evenly distributed

over the search range therefore the design caarperfell for most of the applications.

3.3 Native XML Database

Since this project is intended to query against XdlAta, a media to store XML data is
needed. The traditional way is that we can simpayve the XML data in XML document
and then load the XML document to parse the XMladahen the data is needed. A new
approach is storing the XML data in native XML daae. XML data is stored in its
hierarchical form in native XML database. This meardustry standard technologies
such as XPath and XQuery can be used directly sigtia data in the database. Also,
indexing is available in native XML database whirbvide fast data access. Native
XML database also has advantage over relationabdat. Before native XML database
was introduced, people used to shred XML datarnel@tional database. This approach
loses the flexibility given by the XML structureahive XML database overcome this
disadvantage by storing XML data in its originagtarchical structure. Since XML data
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can be easily manipulated with native XML datab#se complexity of the application
on XML parsing is also reduced [5, 6, 7]. Withthikse advantages, a native XML

database is used as the storage for testing XM gkdtin this project. The native XML
database chosen for the project is an open soppeation and will be covered in the

later section.
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4 Implementation

The implementation of this project is a web appiarawhich allows the user to perform
range query against XML data. It simulates the comisearch engine web service
environment. The interface is implemented with HTltd JavaScript. The search
engine is built on PHP and Java. The databaseesiating database product which
supports native XML storage. Various technologies #ols are used in the
implementation process and they will be explainiedrty in this section. Also, the

experimental result is given and illustrated.

4.1 Technologies and Tools

A wide range of technologies and tools are usdalitlgl the project application. Some of
them are commonly used and the others are relatnest for web applications. These
technologies and tools are covered in details doige a better understanding on the

implementation process.

4.1.1 Fuzzy Control Language

One of the most important components of the apfpicas the fuzzy search engine. In
this implementation, the fuzzy algorithm in thersdaengine is built with Fuzzy Control
Language (FCL). The Fuzzy Control Language wasdhiced by the International
Electrotechical Commission Technical Committee wad designed to provide a way to
control over system that without an explicit pracesodel [8]. With Fuzzy Control
Language, fuzzy logic application can be direathpiemented in a way which is more
human understandable. The Fuzzy Control Languay@ed€uzzy logic in function
block. Each function block contains a complete juirderence system. The fuzzy
inference system can include input variables, dwtptiables, fuzzification of the input
variables, defuzzification of the output variablasd the fuzzy rule set. Figure 18 shows
the structure of Fuzzy Control Language.
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FUNCTION_BLOCK <name>

VAR_INPUT
<variable name> REAL;
END_ VAR

VAR_OUTPUT
<variable name> REAL;
END_VAR

FUZZIFY <variable name>
TERM <term name> := <term definition>;
END_FUZZIFY

DEFUZZIFY <variable name>
TERM <term name> := <term definition>;
METHOD: <defuzzification method>;
END_DEFUZZIFY

RULEBLOCK

<operator> : <algorithm>;

ACCUM : <accumulation method>;

RULE : IF <condition> THEN <condition>;
END_RULEBLOCK

END_FUNCTION_BLOCK
Figure 18: Fuzzy Control Language structure

In Fuzzy Control Language, the individual set & Hariables are referred as term and
terms are defined with membership functions. Tlzzification and defuzzification can
support various membership functions including blmthtinuous and discrete. Various
defuzzification methods are supported including Mdst Max, Center of Gravity, and
so on. The operator defines how the algorithm te@ss different conditions in a rule.
The accumulation method is used to aggregate diftderms together. A rule block can
contain one or more rules and multiple functionckkcan be defined depend on the
needs of the application. The Fuzzy Control Langyagvides a standard approach to

define fuzzy application and can be implementedssvarious platforms.
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4.1.2 jFuzzyLogic
The Fuzzy Control Language cannot work stand albmeeds to be implemented with
other programming language to form a complete pgekéhe jFuzzylLogic is a Java
implementation of the Fuzzy Control Language whiah be used by Java developers to
build fuzzy logic applications [9]. Integrating jEzyLogic into other Java applications is
very simple. A developer can utilize jFuzzyLogicadava program by importing these
classes:
JFuzzyLogic.FIS
JFuzzyLogic.rule.FuzzyRuleSet
Then the sources file which written in Fuzzy Cohtranguage can be loaded into the
fuzzy inference system by:
FIS.load(filename);
Once the sources file is loaded, the function blcexk be read by:
FIS.getFuzzyRuleSet(function_block_name);
Now the fuzzy rule set is ready to use. We can prgmg to the fuzzy inference system
by:
FuzzyRuleSet.setVariable(variable_name, value);
After all the necessary inputs are set, we carthrariuzzy rule set with the following
method:
FuzzyRuleSet.evaluate();
The output of the fuzzy rule set can be obtained by
FuzzyRuleSet.getVariable(variable_name);
Now we have a complete fuzzy logic engine. The #iyupgic package is easy to use and
it is open source therefore integrating jFuzzyLagto this project is an ideal approach

to achieve a fuzzy search engine.
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4.1.3 XAMPP

The implementation of this project is a web appiamaso a web application server is
needed. The web application is developed in PHiResaveb application server need to
have PHP support. One of such web application s&s\the XAMPP package from
Apache Friends project [10]. The Apache Friendggetas intended to promote the
Apache web server. The XAMPP package includes dlbwof MySQL, PHP, and Pearl.
It supports both PHP 5 and PHP 4 and can be eagitghed between these two
versions. To be consistent, only PHP 5 was us#aisrimplementation. The
implementation is developed on Windows XP there#e&PP for Windows is

installed to provide web server functionality. XAMProvides a package for easy setup
and maintenance on Windows platform. For this imq@etation, the XML-DOM and

XML-RPC services in PHP 5 are needed and turned on.

4.1.4 Apache Xindice

The database used in this implementation is a@atML database which is called
Apache Xindice. Xindice is pronounced zeen-dee-@rait is a subproject of the open
source project Apache [11]. The benefit of usingveaXML database is we don’t need
to worry about conversion between XML and otherndatucture. This is especially
useful when we have a very complex XML documentolwiviould be extremely hard to
map into a traditional database. For easy datasac@ndice provide a XML:DB API for
Java development and a XML-RPC API for other laggsa In this implementation, the
XML-RPC API is used.

Setting up the Apache Xindice is somehow trickyaélpe Xindice is not a standalone
application. It requires Java SDK and Apache Tortwée installed in the system. It's
important to remember to set the environment végiabch aXINDICE_HOME

JAVA_HOMENdACATALINA_HOMEThey are used as place holders to indicate the

location of the library files. It is also importatat include the jar files in the Xindice
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folder to thePATHvariable. In Apache Xindice, XML documents areatbin
collections. Collection can be considered as tabtelational database and each
collection can have multiple XML documents. Fig@Band 20 show the web interface

of the Apache Xindice database.

db -
atom

liobs

system

nba

food
addressbook
countries
invoices
elements

products
meta

Figure 19: Collectionsin Apache Xindice

db - addressbook -

address]  [Document "address1"
address2

<?xml version="1.0" encoding="UTF-8"?2>
<=
— Licensed to the Apache Software Foundation (ASF) under one or more
- contributor license agreements. See the NOTICE file distributed with
- this work for additional information regarding copyright ownership.
— The ASF licenses this file to ¥You under the Apache License, Versicn 2.0
- (the "License"); you may not use this file except in compliance with
— the License. You may cobtain a copy of the License at

- http://www.apache.org/licenses/LICENSE-2.0

- Unless required by applicable law or agreed to in writing, software

— distributed under the License is distributed on an "AS IS"™ BASIS,

— WITHOUT WARRANTIES OR CONDITIONS OF ANY KIND, either express cor implied.
- See the License for the specific language governing permissions and

— limitations under the License.

5TId: addressl.xml 511428 2007-02-25 03:30:52Z vgritsenko $
——>
<person>
<fname>John</fname>
<lname>Smith</lname>
<phone type="work">563-456-7830</phone>
<phone type="home">534-567-8%01</phone>
<email type="home">Jjsmith@somemail.com</email>
<email type="work">Jjchn@lovesushi.com</email>
<address type="home">34 S. Colon St.</address>
<address type="work">9967 W. Shrimp Ave.</address>
</person>

Figure 20: XML document in collection
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4.1.5 Apache Tomcat

Since Apache Xindice cannot work stand alone, Apdabmcat is also installed for this
implementation. Just as Apache Xindice, Apache Tainscan open source project from
Apache Software Foundation [12]. Apache Tomcahigg@plication server that
implements the Java Servlet and provides an enwien to run Java code on web
server. Apache Tomcat can be installed standatarie{AMPP also provides an Apache
Tomcat extension. Since XAMPP was used in the dgveént environment, using its
Apache Tomcat extension should be a good ideallimgt the Apache Tomcat extension
in XAMPP is straightforward. An important step aftee installation is to make sure the
CATALINA_HOMZHvariable is set as it is needed for Apache Xindice

4.1.6 PHP/Java Bridge

In this implementation, the fuzzy search engingeigeloped using jFuzzyLogic tool kit
which uses a Java API. But the connection betwieeimterface and database is written
in PHP. Therefore, a way to connect the interfaabdatabase to the fuzzy search engine
is needed so that these three components can cacateuwith each other. To achieve
this goal, another open source tool kit, which lbadge between the two languages PHP
and Java, is used. This tool kit is called PHP/EBrdge. It allows the user to access Java
classes within PHP script. Or the user can accdgsdeript within Java classes [13].
Therefore, it provides a fast and flexible way ¢onenunicate and reuse resource between
the two languages. There is a PHP Java extensabnvis introduced in PHP 4. This
extension provides a simple way to access Javatsdjem PHP. However, this

extension is only experimental and it is slow andtable. Therefore, the PHP Java
extension is no longer supported in PHP 5 and usiig/Java Bridge is a better solution.

Figure 21 shows a simple way to access Java resguRHP using PHP/Java Bridge.
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<?php

/I get instance of Java class java.lang.System in P HP
$system = new Java('java.lang.System’);

/l demonstrate property access
echo 'Java version=". $system->getProperty(java.v ersion’)
. '<br/>

7>
Figure 21: Usage example of PHP/Java Bridge

There are many different ways to set up the PHR/Bailge. However, none of them is
very straightforward and installation is quite di#nt based on the operating system, the
web server and the application. In this implemeotathe PHP/Java Bridge is installed
on Windows XP with XAMPP. Following is the stepgded to install this tool kit:

1. First of all, make sure Java VM is correctly indland the necessary Java
environment variables are set.

2. Download and extract the PHP/Java Bridge packageaitocal folder.

3. Create an empty folder callddvaBridge and two subfolders callezkt and
java .

4. Copy theJavaBridge.jar , php-script.jar , andscript-api.jar from
theJAVA.STANDALONEHolder into theext folder.

5. Copy theJava.inc  from theJAVA.STANDALONHolder into thgava folder.

6. Put theJavaBridge folder in the same folder as the PHP files.

After the PHP/Java Bridge is installed, we neerktase the PHP file so that it can access

the Java objects. To enable the PHP/Java BridBéif, use the following command:
require_once("JavaBridge/java/Java.inc")

Before running the web application, the PHP/Javddgrneeds to be turned on. This can

be done by double click thiavaBridge.jar file. A popup screen will ask the user to

select a port for the servlet. Choosing the defaait should be good enough. Then, the
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web application can be started and the PHP fileacaess Java resource with PHP/Java
Bridge. When installing the PHP/Java Bridge, therghould be extremely careful.
These steps maybe slightly different based ontk@@ment that the tool kit is

installing to.

4.1.7 script.aculo.us

Since a slider interface is chosen in the desigmmpgproach to implement a slider to
accept the range input is needed. As a web apipiicahe slider interface needs to be
developed in JavaScript and it should contain d¢ide grack and three slide bars.
Currently, no such kind of slider tool kit is a\able on the Internet. Therefore, | use the
script.aculo.us package to implement this slidee 3cript.aculo.us package is a
JavaScript library which can provide dynamic viseff¢cts and user interface elements
to web application [14]. The package is built oa Brototype JavaScript Framework and
it can also work with other web application framekvand scripting languages. To use
the package, extract tipeototype.js and thescriptaculous.js from the
downloaded file. Then load these two files in trebvapplication as external JavaScript
resource. In this implementation, | use this paekagh HTML and PHP to develop an
intuitive user interface which can accept both saogteria and preference in one single
slider.

4.2 Experimental Result

The implementation of the fuzzy range query deb@s been constantly improved during
the development process. Here | present three deinations to illustrate the usability of
the project. These demonstrations include oneurayf numerical range query, one for
fuzzy linguistic range query, and one for combioatbf fuzzy numerical and linguistic

range query.
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4.2.1 Test Scenario

All demonstrations simulate a scenario which i®alne product search service. The
user will be able to search for digital camera Haserange criteria. In the
implementation, the two range criteria are thegdtthe digital camera and the image
guality of the digital camera. The price of theitdigcamera is used for fuzzy numerical
range query and the image quality of the digitaheea is used for fuzzy linguistic range
qguery. The sample data is collected from the YaBloapping API [15]. This API can
return product information in XML structure. In $htase, the XML data returned by the
Yahoo Shopping API is the product information ogitdil camera. This XML data is

then stored in Apache Xindice as testing data.féi@2 shows a portion of the testing
data stored in Apache Xindice and the appendig &#itthe price and image quality value

for each camera.

db - camera -

cameras ([Document "cameras’

<?xml version="1.0" encoding="UTF-8"73>
<Products>
<Product type="Catalog">
<Catalog ID="15%83713213">

<Url>http://shopping.yahoo.com/p:Canon%20PowerShot$2053%20I5%20D01igital%20Camera: 199371

<ProductName>Cancon PowerShot 53 IS &lt;bagt;Digitalselt;/bagt; &lti;bagt;Cameraslt;/bagt

<Price>333.14</Price>

<Thumbnail>
<Urlxhttp://fSc.yahoofs.com/shopping/3082006/simg t ts340806660245£6he6154bddadigsT
<Height>»64</Height>
<Width>85</Width>

</Thumbnail>

<ListImage>
<Url>http://f5c.yahcofs.com/shopping/3082006/simg_t_ts340906660245f6be61%4bddatg8373
<Height>64</Height>
<Width>»85</Width>

</ListImage>

<GridImage>
<Urlrhttp://f5c.yahoofs.com/shopping/3082006/simg t ts340506660245f6ke6154bddadBa37
<Height>83</Height>
<Width>110</wWidth>

</GridImage>

<Description>PowerShot S3 IS is eguipped with an approximately 6.0 million camera effe

<Summary>PowsrShot - alt;bagt;Digitalalt;/bagt; &lt;bagt;cameraslt;/bagt; - & Megapixs

<UserRating>
<NumReviews>0</NumReviews>
<NumRatings>177</NumRatings>
<MaxRating>S5</MaxRating>
<AverageRating>4.6</AverageRating>
<RatingUrl>http://shopping.yahoo.com/p:Canon%20PowerShot$2083%20I5%20D0igitals20Camer
<CreateRatingUrlrhttp://shopping.yahoo.com/p:Canon$20PowerShot$2083%20I8%20D1igitals2
feeo o~

[

[

Figure 22: Testing datain Apache Xindice
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4.2.2 Fuzzy Numerical Range Query

Figure 23 shows the interface of the implementatioriuzzy numerical range query.
The interface allows the user to specify a rangéherprice of the digital cameras he/she
is looking for. As shown in the figure, the minimyprice for the search range is $0 and
the maximum price for the search range is $700s Weans all digital cameras have a
price between $0 and $700. The length of the s$tafek represents all possible prices
available for searching. The upper bound slidedmathe right is illustrated with a left-
pointing arrow. This slide bar is used for acceptime upper bound of the price range
from the user. The slide bar can be dragged aloaglide track but it cannot pass other
slide bars as defined in the design. A popup balisshown along the slide bar when it
is being point to. The popup balloon not only hehlgesuser to easily identify which value
he/she is adjusting, but also indicates the plac¢wifehe slide bar on the slide track. In
this example, the upper bound slide bar is locateabout 43% of the full length of the
slide track. The other slide bars are the pricesloounder slide bar shown as a right-
pointing arrow and the preferred price slide bavaihas an up-pointing arrow. The input
range is indicated with different color on the slidack. Once all three slide bars are set
to the expected place, the user can press the ‘iButuntton to send the input to the

search engine.

Demo 8
This page demonstrate range query using fuzzy engine on numerical value in XML document.
Search cameras based on price

Please use the slider below to specify the search range and preference of the price

Upper Bound = 43%
Price $0 $700

Figure 23: Fuzzy numerical range query interface
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The fuzzy search engine then takes the user iopedltulate the score for each camera
and output the search result on the screen as simoliigure 24. The output first shows
the input values from the user. When the slide berset to be in the place as shown in
Figure 23, the price lower bound is set to be 012#3 preferred price is set to be 0.2955
and the price upper bound is set to be 0.4339eSheinput from the slider is always set
to be from O to 1. These slide bar values neee tmépped to price value. The prices for
lower bound, preferred price, and upper bound 466320, $206.82, and $303.72
respectively.

User input:
Price Lower Bound: 0.2231 ($156.20)
Preferred Pirce: 0.2955 ($206.82)
Price Upper Bound: 0.4339 ($303.72)

Search Result:
Price | Product Name Score
$208.99 Kodak EasyShare Z740 Digital Camera 91.6115
$198.99 Canon PowerShot A540 Digital Camera 01.3497
$198.46 Kodak EasyShare C300 Digital Camera 91.3098
£179.99 Sony Cvber-shot DSC-W55/P Digital Camera 88.2261
$238.68 | Casio EXILIM EX-Z1200 Digital Camera 86.8410
$238.99 Canon PowerShot SD600 Digital Camera 86.7494
$169.95 Sony Cyber-shot DSC-WE0 Digital Camera 85.2905
$245.00 Sony Cyber-shot DSC-W200 Digital Camera 84.8629
$249.10 Sony Cyber-shot DSC-T9 Digital Camera £3.4969
$155.95 Canon PowerShot SD750 Digital ELPH Digital Camera 79.2221
$289.00 Canon PowerShot 55 IS Digital Camera 75.0702
$299.00 Canon PowerShot A630 Digital Camera 73.4539
$269.34 Olympus Stylus 710 Digital Camera 73.3474
$149.99 Sony Cvber-shot DSC-W353 Digital Camera 45.4058
£149.95 Kodak EasyShare C&75 Digital Camera 45.2285
$149.77 Casio EXILIM ZOOM EX-Z75 Digital Camera 44.4410
$149.00 Canon PowerShot SD1000 DIGITAL ELPH (1862B001) Digital Camera |41.2673
$142.99 Canon PowerShot A550 Digital Camera 33.8331
$139.00 Canon PowerShot A410 Digital Camera 32.0072
Total 19 cameras found

Figure 24: Fuzzy numerical range query result

Now let's examine the search result. Since thegpredl price is set to be $206.82, digital
cameras with a price close to $206.82 should shwfirst. In the search result, the
Kodak EasyShare Z740 is the first digital cametarred since it has a price of $208.99.
Also, the Sony Cyber-shot DSC-W55/P at $179.9%tied before the Casio EXILIM
EX-Z1200 at $238.68 since its price is closer ®pteferred price. The price range of
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the input is from $156.20 to $303.72. Several digiameras with price lower than but
still close to the lower bound price are shown biseaof the fuzzy algorithm. On the
other hand, no camera with price higher than theeupound price is shown. This is
because the first camera has a price higher th@®.%3 is the Canon PowerShot S3 IS at
$333.14. This price is greater than the upper bquitgd way too much so that the
camera is not included in the search result byuhey search engine. From this example,

we can see the fuzzy numerical range query perfasrexpected.

4.2.3 Fuzzy Linguistic Range Query

The implementation for the fuzzy linguistic rangeety is based on one for the fuzzy
numerical range query. This implementation allowsra to search for digital camera
based on the image quality. The interface, as showigure 25, is slightly changed to
meet the needs for linguistic range query. Theedlidck now represents all possible
value for the image quality of the digital camerBise minimum image quality for the
digital camera is “Poor” and the maximum image u&br the digital camera is
“Excellent”. The user can use the slide bars tdlsetange of the image quality and the
preferred image quality. Notice the slide bars imfty represent the linguistic value of
the image quality. In the example, the lower bosiide bar is set to be about half way
between “Poor” and “Excellent”. The linguistic valwhich has a meaning “half way
between poor and excellent” can be “Normal”, “Avggg “Common”, and so on. Which
linguistic value is being actually stored in théadmse does not matter to the interface.
That is because as long as the linguistic valueatssmantic of “half way between poor
and excellent”, it can be considered as the ugeecrd value. This way, the user doesn’t
need to know the exact value of the linguistic teHe/she can simple set the input value
based on his/her own understanding.
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Demo 9
This page demonstrate range query using fuzzy engine on linguistic value in XML document.
Search cameras based on image quality

Please use the slider below to specify the search range and preference of the image quality

Lower Bound = 48%
Image Poor E € Excellent
Quality @

Figure 25: Fuzzy linguistic range query interface

After the input from the user is accepted, thedeaesult is displayed on the screen as
shown in Figure 26. The input is 0.4835 for thegmaguality lower bound, 0.7355 for
the preferred image quality, and 0.8636 for thegenquality upper bound. The image
guality lower bound has a 6.6% weight on the lisgaivalue “Bad” and a 93.4% weight
on the linguistic value “Average”. This means thege quality lower bound is very
close to the linguistic value “Average”. The weightalculated based on the hamming
distance between the input value and the fuzzifedde of the linguistic term [16]. Same
applies to the preferred image quality and the engaglity upper bound. From the
figure, the preferred image quality has a 5.8% Weam the linguistic value “Average”
and a 94.2% weight on the linguistic value “Goomtis concludes that the preferred
image quality is very close to be “Good”. The weifgir the image quality upper bound
is 54.5% on “Good” and 45.5% on “Excellent”. Thenef, the upper bound of the image

quality is set to be “between Good and Excellent”.
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User input:

Image Quality Lower Bound: 0.4835 (6.6%Bad. 93.4%Average)
Preferred Image Quality: 0.7355 (5.8%Average. 94.2%Good)
Image Quality Upper Bound: 0.8636 (54.5%Good, 45.5%Excellent)

Search Result:

Image Quality [Product Name Score

Good Canon PowerShot S5 IS Digital Camera 09.4000
Good Kodak EasyShare C300 Digital Camera 99.4000
Good Panasonic Lumix DMC-FZ50-K (Black) Digital Camera 99,4000
Good Sony Cyber-shot DSC-W7 Digital Camera 99.4000
Good Sony Cyber-shot DSC-W200 Digital Camera 99.4000
Good (Casio EXILIM EX-Z1200 Digital Camera 199.4000
Good Sony Cyber-shot DSC-HO/B Digital Camera 199.4000
Good INikon D300 Digital Camera 199.4000
Good (Canon EOS Digital Rebel XTi (Black) Digital Camera 199.4000
Good [Sony Cyber-shot DSC-T100 Digital Camera 199.4000
Good Kodak EasyShare Z740 Digital Camera 99.4000
Good Fujifilm FinePix S9000 Digital Camera 99.4000
Good Sony Cvber-shot DSC-R1 Digital Camera 99.4000
Good Sony Cvber-shot DSC-N1 Digital Camera 09.4000
Average Sony Cyber-shot DSC-S700 Digital Camera 17.8000
|Average |Samsung 5630 Digital Camera |1'?.8000
|Average |Nikon D40 Digital Camera |1'?.8000
|Average |Canon PowerShot SD600 Digital Camera |1'?.8000
|Average |VisionTek Argus QuickClix 3185 Digital Camera |1'?.8000
|Averagc |Canon PowerShot A630 Digital Camera |17.8000
Average |Canon EOS 5D Digital Camera 17.8000
Average Canon PowerShot G9 Digital Camera 17.8000
Average Canon PowerShot 53 IS Digital Camera 17.8000
Average Sony Cvber-shot DSC-W55 Digital Camera 17.8000
Average Sony Cvber-shot DSC-S650 Digital Camera 17.8000
Average Fujifilm FinePix A610 Digital Camera 17.8000
Average Olympus Stylus 710 Digital Camera 17.8000
|Average |Canon PowerShot A410 Digital Camera |1'?.8000
|Average |Canon EOS Digital Rebel XTi (Body Only-Black) Digital Camera |1'?.8000

|To‘ral 29 cameras found

Figure 26: Fuzzy linguistic range query result
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Since the input range of the image quality is addd between “Average” and somewhere
“between Good and Excellent”. The search resulirnstdigital cameras with “Good”

and “Average” image quality. Digital cameras witBdod” image quality show up first
because the preferred image quality is set to lw®tiG Notice that digital cameras with
the same quality have the same score because saumistic value is fuzzified into same
membership degree. Digital cameras with “Excellémiige quality are not included in
the search result is because the image qualityruppend is “between Good and
Excellent”. The membership degree of “Excellentiibttle bit too far from the image
quality upper bound therefore it cannot be pickpdw the fuzzy search engine. Based

on the search result, the fuzzy linguistic rangergwan return the expected result.

4.2.4 Combination of Fuzzy Numerical and Linguistic Range Query

An implementation which can handle both fuzzy nuoarand linguistic range query is
done by combining the two implementations aboves Thplementation allows the user
search for digital camera based on both price aradjeé quality. The slider interface is
still used to accept user input. The only diffeeeigthat two slider are used as shown in

Figure 27 because two search criteria are given.

Demo 10
This page demonstrate range query using fuzzy engine on both numerical and linguistic value in XML document.
Search cameras based on price and image quality

Please use the slider below to specify the search range and preference of the price and image quality

Price 30 $700
Image Poor Excellent
Quality @

Figure 27: Fuzzy numerical and linguistic range query interface
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Just as the other implementation, the user inpdisigayed first for examination. In
Figure 28, the user set the price lower boundpteé&rred price, and the price upper
bound to be 0.6860, 0.7335, and 0.9070. By mapibiese input values to available price
range, we get $480.17 for the price lower bound3%83 for the preferred price, and
$634.92 for the price upper bound. For the imagaity) the lower bound is 0.6529 with
a 38.8% weight on “Average” and a 61.2% weight Godd”, the preference is 0.9050
with a 38% weight on “Good” and a 62% weight on €Ekent”, and the upper bound is
0.9752 with a 9.9% weight on “Good” and a 90.1%gheion “Excellent”. This means
the image quality lower bound is “not so Good bettdr than Average”. The preferred
image quality is “not so Excellent but better tléamod”. The image quality upper bound
is “almost Excellent”. Therefore, the user pref@digital camera with a price of $513.43
and a “not so Excellent but better than Good” imaugality.

The first digital camera returned is the Canon BOB which has a price of $528.00 and
an “Excellent” image quality. This is even bettearn the user preferred since its image
quality is better than the user expected and iteps only slightly higher than the user
expected. The second and third returned digitalecagare the Nikon D80 (Body Only)
and the Sony Cyber-shot DSC-R1. The Nikon D80 (BOdly) is listed before the Sony
Cyber-shot DSC-R1 because it has a better imadéygtan the later one. Although its
price is further from the user preferred price,ithage quality outweighs the price
because the difference between image qualitiesget than the difference between
prices. Also notice that Canon EOS 5D with a pat8519.00 and image quality of
“Average” shows up in the result. This is becauseiice is very close to the preferred
price, which is $513.43, and its image qualityas too far from the preferred image
quality, which is “not so Good but better than Aage”. At last, some cameras with price
outside of the user specified price range are dedibecause of their image quality fall
within the user specified image quality range. @llethe search result shows that the
implementation can handle fuzzy numerical and listizirange query very well at the

same time.
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User input:

Price Lower Bound: 0.6860 ($480.17)
Preferred Pirce: 0.7335 ($513.43)
Price Upper Bound: 0.9070 (3634.92)

Image Quality Lower Bound: 0.6529 (38.8%Average. 61.2%Good)
Preferred Image Quality: 0.9050 (38.0%Good, 62.0%Excellent)
Image Quality Upper Bound: 0.9752 (9.9%Good. 90.1%Excellent)

Search Result:

Product Name Price  |Price Score |Image Quality Image Quality Score|Total Score
Canon EOS 40D Digital Camera $528.00(90.7333  |[Excellent 50.5000 141.2333
Nikon D80 (Body Only) Digital Camera $585.00(76.3785  |[Excellent 50.5000 126.8785
Sony Cyber-shot DSC-R1 Digital Camera $499.99(90.8687  |Good 35,4000 126.2687
Canon EOS Digital Rebel XTi (Black) Digital Camera ($497.00(90.4858  |Good 35,4000 125.8838
Sony Cyber-shot DSC-W7 Digital Camera $479.00(78.8217  |Good 35,4000 114.2217
Sony Cyber-shot DSC-N1 Digital Camera $599.99|75.0600  |Good 35,4000 110.4600
Nikon D300 Digital Camera $629.00(67.0483  |Good 35.4000 102.4483
Canon EOS 5D Digital Camera $519.00|91.5031  |Average 0.0000 91.5031
Kodak EasyShare C643 Digital Camera $109.88|0.0000 Excellent 50.5000 50.5000
Sony Cyber-Shot DSC-H1 Digital Camera $389.99|0.0000 Excellent 50.5000 50.5000
Casio EXILIM ZOOM EX-Z75 Digital Camera $149.77(0.0000 Excellent 50.5000 50.5000
Nikon Coolpix $4 Digital Camera $333.15/0.0000 Excellent 50.5000 50.5000
Canon PowerShot A540 Digital Camera $198.99|0.0000 Excellent 50.5000 50.5000
Kodak EasyShare C530 Digital Camera $89.95 |0.0000 Excellent 50.5000 50.5000
Canon PowerShot S5 IS Digital Camera $289.00|0.0000 Good 35,4000 35.4000
Kodak EasyShare C300 Digital Camera $198.46|0.0000 Good 35.4000 35,4000
Sony Cyber-shot DSC-T100 Digital Camera $399.990.0000 Good 35,4000 35.4000
Sony Cyber-shot DSC-H9/B Digital Camera $340.00|0.0000 Good 35,4000 35.4000
Panasonic Lumix DMC-FZ50-K (Black) Digital Camera |$453.00/0.0000 Good 35,4000 35,4000
Casio EXILIM EX-Z1200 Digital Camera $238.68(0.0000 Good 35.4000 35.4000
Sony Cyber-shot DSC-W200 Digital Camera $245.00|0.0000 Good 35.4000 35.4000
Fujifilm FinePix S9000 Digital Camera $349.00(0.0000 Good 35.4000 35.4000
Kodak EasyShare Z740 Digital Camera $208.99|0.0000 Good 35.4000 35.4000

Total 23 cameras found

Figure 28: Fuzzy numerical and linguistic range query result
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5 Conclusion and Future Enhancement

5.1 Conclusion

Current solutions on range query have various éitiwhs. This project introduced a new
solution to perform range query against XML datanidnstrations have shown this new
solution can fuzzify the user specified range st thore meaningful search result can be
returned. The solution also allows the user to ifpeceference value which provides
more control over the search result to the usesid®s these, the solution is flexible
enough to handle fuzzy range query on either nwalkeor linguistic values. Even
combination of both numerical and linguistic fuzange query can be performed with

this solution.

Again, the new solution is not designed to replheecurrent solutions. For situations
such as exact range is needed or user preferendeassumed, the new solution may
not be necessary. Therefore, developers shouldsehtoause the new solution or the

current solution based on the application needs.

After all, this project provided an alternative apgch for performing range query over
XML data. The combination of fuzzy logic and seagetigine, the innovation on
interface, and the utilization on native XML databdogether form an intelligent

solution for the expanding online search technaology

5.2 Future Enhancement

The current implementation retrieves all items frilv@ database and then performs an
evaluation on the items with the search criteriadiculate the score value. This causes
high traffic volume between the search engine aediatabase. An improvement should
be made so that only items tend to match the seaitelia will be passed to the search

engine.
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Allowing user specified weight on the search cidtés also an interesting enhancement.
Different search criteria are treated fairly rigiotw. It will be more user-friendly if the

user can indicate one search criteria is more itapbthan others.
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7 Appendix: Search Data Pool

Image

Product Name Price  Quality
VisionTek Argus QuickClix 3185 Digital Camera $35.0Average
Fujifilm FinePix A610 Digital Camera $62.91Average
Samsung S630 Digital Camera $79.7Rverage
Nikon Coolpix L11 Digital Camera $79.98Bad
GE E1030 Digital Camera $87.99 Poor
Sanyo VPC-T700 Digital Camera $89.0Bad
Kodak EasyShare C530 Digital Camera $89.&xcellent
Kodak EasyShare C643 Digital Camera $109.B&cellent
Sony Cyber-shot DSC-S650 Digital Camera $119.80erage
Nikon Coolpix 5600 Digital Camera $119.9®P00r
Sony Cyber-shot DSC-S700 Digital Camera $119.89erage
Canon PowerShot A410 Digital Camera $139.@¥erage
Canon PowerShot A550 Digital Camera $142.9Dor
Canon PowerShot SD1000 DIGITAL ELPH (1862B001) Eibi
Camera $149.00 Bad
Casio EXILIM ZOOM EX-Z75 Digital Camera $149.7Excellent
Kodak EasyShare C875 Digital Camera $149.860r
Sony Cyber-shot DSC-W55 Digital Camera $149.99erage
Canon PowerShot SD750 Digital ELPH Digital Camera 15%95 Bad
Sony Cyber-shot DSC-W80 Digital Camera $169.Fnor
Sony Cyber-shot DSC-W55/P Digital Camera $179.8ad
Kodak EasyShare C300 Digital Camera $198.@od
Canon PowerShot A540 Digital Camera $198.xcellent
Kodak EasyShare 2740 Digital Camera $208.2bod
Casio EXILIM EX-Z1200 Digital Camera $238.6&00d
Canon PowerShot SD600 Digital Camera $238.89erage
Sony Cyber-shot DSC-W200 Digital Camera $245.Gbod
Sony Cyber-shot DSC-T9 Digital Camera $249.Bad
Canon PowerShot S5 IS Digital Camera $289.G@od
Canon PowerShot A630 Digital Camera $299.@0erage
Olympus Stylus 710 Digital Camera $299.34verage
Canon PowerShot S3 IS Digital Camera $333.Mderage
Nikon Coolpix S4 Digital Camera $333.1%&xcellent
Sony Cyber-shot DSC-H9/B Digital Camera $340.@ood
Fuijifilm FinePix S9000 Digital Camera $349.0Good
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Canon PowerShot A520 Digital Camera
Sony Cyber-Shot DSC-H1 Digital Camera
Nikon D40 Digital Camera

Sony Cyber-shot DSC-T100 Digital Camera

Canon PowerShot G9 Digital Camera
Canon EOS Digital Rebel XTi (Body Only-Black) Diait
Camera

Panasonic Lumix DMC-FZ50-K (Black) Digital Camera
Sony Cyber-shot DSC-W?7 Digital Camera

Canon EOS Digital Rebel XTi (Black) Digital Camera
Sony Cyber-shot DSC-R1 Digital Camera

Canon EOS 5D Digital Camera

Canon EOS 40D Digital Camera

Nikon D80 (Body Only) Digital Camera

Sony Cyber-shot DSC-N1 Digital Camera

Nikon D300 Digital Camera

Nikon D80 Digital Camera
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$384.Bad
$389.¥Xcellent
$392.00 Average
$399.@bod
$416.@¥erage

$429.00 Average
458.00 Good
$479.@ood
$497.00 Good
$499.900d
$519.0Average
$528.0Bxcellent
$585.0Excellent
$599.9%00d
$629.00G0o0d
$674.00 Bad
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