(1

MIAIUMIveIBARUIATONUUIA UAT T UG IUTBYa XML

Automated Fuzzy Set Operations for XML Database

quUNNA qURABS

Sukgamon Sukpisit

%ﬂﬂwuﬁaﬂudmﬁﬁwmmsﬁnmmuﬁé’ngmﬂ%q‘lw
Inenenansuridiadin a1 IvInemsnennines
UINGAYTIVAIUATUNS
A Thesis Submitted in Partial Fulfillment of the Requirements for the Degree of
Master of Science in Computer Science
Prince of Songkla University
2558

AVENTVR UK NN SHFIVAIHAIUNS



2

POINNTNUS msgutiumsvousAnguIAionUUsa luiad i ugudoya XML
Y A an 4
AIEY WeGINUA qUNAY
V1IN M IABNNANDS
dd' a a Jd [y}
2101383 INeNHNUSHAD AMUZNITUMTADU
..................................................................................................................... 5LHIUNTTUNIT

1 J 4 4 a a Y
(Ej%’)ﬂﬁ?@]ﬁﬁ]ﬁﬂ AT. FNINTAU mummﬁ&m) (AT. FUINT WNYTILNT)

........................................................ NITUNTI

o1 ¢ @ s a
(@j%’)ﬂ?ﬂ@]i?ﬂ?iﬂ A3. gN1NTN ﬂ1u@ﬁﬂlﬁﬂi@)

........................................................ NITUNII

PR 4 o
(AF¥IVAINTITY AT. 01U 1zne)

v a A @ a @ a J VN v a a ¢ o A
VUNAINYIAY U 1INYIAYAIVATUATUNT DY Glﬁ! U'JT]EJ’]HWU‘ﬁﬂ“U“UﬁLﬂu

Q

ArUnileueInIsAny1 aunangasliyyinemansuituda a1913313181013

a J
ADUNAUADT

4 =S

(SNMANITINTY AT, BITNA ﬂ%%uz)

AAUAVUNAINGDY



3
[ 1 a o dy = a o o R 9 d‘
YDIVIDII NAITHIFYUNINNITANHIIVYVDIUNANB D u,ax”lmmmmmmeuqmuﬂﬂaw

= | ] A 9
UTIUFIYLIaDLAD

' J C4 J a
(Ni)"]ﬂﬂmﬁ@ﬁiﬂiﬂ A3. gMNI0 MUATUINYTA)

S a a 4 o
mmiﬂmﬁﬂynmmwuwaﬂ

aa A
(Megunua qUNAYY)

o

=
UNANHI



“4)

a o A

9 Y Y ' Ay o d ! & a o '
VINWRNUBDTUITDIIT NANTUD t’JullJJLﬂEJL“IJuﬁ?m‘ViuQ11&ﬂWiﬂlgimﬂiﬂlui}jﬂuizﬂuclmﬂﬂﬂu LUae

o

) Y
li'lagnldlumssuvesyiaysyan luvme il

e

(UogUINA qUNANT)

v XK

UNANHN



)

a a 4 o A [ A o %

%ﬂ?ﬂﬂTUWH‘ﬁ ﬂ15ﬂ1!uuﬂ1§‘llf)\‘]L“ﬁﬂﬂ@ulﬂ%@uﬂﬂ@@qu@]ﬁTﬁﬁUﬁTu“ﬁI@Ha XML
YA an 4
AR HWFUNUA FUNAYY

a a a 4
a1U1IM INYINTADUNIUNDT
= =
Unsfnun 2557

UNAAEID

I 1
AYIFgDUDIY FuzzyXQueryLﬂuﬁ?um&’lﬂﬂl@ﬁﬂ’l'ﬂ’lﬁﬂﬂﬂ’lﬂ XQuery

= Y o . Y A9 Y @
mmgmmmmmhwaﬂmi fuzzy logic Gl,uﬂﬁﬂuﬂummg.amﬂgmmayja XML Iﬂ&l@’)uﬂi

S
v @

] o @ < 9y a o i Q) x
a9 q Tumdegevarnainsaiiulansdudsdnfvazdud sty fuzzy set 901511

=

[ 4 =\ [ 9 A dzi i a o A g 1 A o o
HAANFILUANNF UGS WNNINV NN 5T fuzzy set ﬂgﬂ’]ﬂﬂlUN'ﬂuI’lGﬂﬂlﬂ\iﬂTﬁ\‘]

v o a dy ) [ = d'cv d‘ o < A
[HGIIANRY mﬂuuumiwugmmm‘umsgﬂ%fmmfnmuﬂwu“luuau"lwmmmﬁamnma

3

o A 1w [ Y v o A a o o
aﬂuuumimmmmz"lmmﬂu =, =) 1A UUUMTFITUNUTD (<, <=, >=, >)

v
C% ) %

9 T
NuITeddndgueTuaeuITd I UM TS ouNeua e fuzzy set &4

Usznoudremaautiumsdnu’ld @uSudIauiums = uag 1=) tagmMIa iU Ia 1AL
9 Y
(@ mSudduiums < <= >=uag >) natigave lanannllsunsuuaznaaeulszdnsam
Y v

@ an A 9y = ' o Ay Y o Y
Guawumuaﬁmammﬂ@ah 1,374 n3unaaou W1J’J1NaaWﬁﬂblﬂinﬂﬂﬁﬂWH’ngﬂﬁfNélu
= g ¥ an A o dg! o Jq ¥ v
NNNIUY u@ﬂi]1ﬂuuelluG]E]u’)‘ﬁllﬁ3I’ﬂiLLﬂilI“I/]W@JuWﬂluﬁﬁJ1ii‘lu1llﬂﬂi$QﬂGlsl"liﬂU Fuzzy

XQuery &



(6)

Thesis Title Automated Fuzzy Set Operations for XML Database
Author Mr. Sukgamon Sukpisit
Major Program  Computer Science

Academic Year 2014

Abstract

Fuzzy XQuery is the extension of standard XQuery language that allows use of
fuzzy logic to retrieve data from XML database. Variables in query statements can be both fuzzy
and non-fuzzy values. When fuzzy value is in the query condition statements, it is more complicated
in finding the result. The basic comparison operators in the query condition statements are equality

and inequality operators (=, !=) and relational operators (<, <=, >=, >),

This research proposed the generic algorithms for comparing two fuzzy sets.
There are two types of comparison: fuzzy compatibility operations (for equality and inequality
operators: = and !=) and fuzzy ordering operations (for relational operators: <, <=, >= and >). We
developed an application for the proposed algorithms. To prove the correctness of proposed
algorithms, 1,374 test cases were generated by our application. All test results are correct.

Moreover, our algorithms and implementation can be applied to the Fuzzy XQuery language.
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A a Jd 1 A~ v [ dy
L. IATNABNNAUADITIUUAAANNAUANYUSAIU

® CPU : Intel Core 17 3.40 GHz
¥ Hard disk :2TB
= RAM : 16 GB

2. Mugendad
" 53u11R10Rn15 Windows 7 64 bit
®  Eclipse IDE
®  Java development kit 6

® ANTLR IDE

®  Exist DB

d Y Y

1.7 Uszlewunlasy
g’/ asy o @ o a Y o 9 o a o [
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NYHHYUASIIUIVUTNY IV

[

dy 1 =1 a =) a d‘ d' 2 o a a o
Tuuniiagnanawuing NHYHHLAZITNI BNNINUMITANL NN g
AAD4 Fuzzy set XML itag XML database mmﬁauameﬁjaya XQuery 8¢ Fuzzy XQuery

[

Triangular norm Triangular conorm HazuITeNMNeIT

2.1 Fuzzy set

v 9 ~

Lﬁmmﬂmsiﬂmﬁm§LLUUL§Mmmsaﬁuﬁumsﬂumay’awﬁﬂ'mmm‘%uﬂu
“039” naz “livs e oinfuud llaunsaduiiums fumaiueieiiiaunguadenas 1y
UUHOY HITAIAIND3 I IUTIAATINIU (infinite-valued logic) 16 113] 1965 L.A. Zadeh [9] &
Yaue fuzzy set F9e11307imA1093 <8I Ml dnbazuea fuzzy set 2NfMUA
Tagansun1udl a1 ¥n (membership function) Fa19lumsmunaseauanudluainsn
(membership degree) 9@ i3ﬁ’ummnﬂuam%ﬂﬁﬁmgﬂwﬁw [0, 1] dmsuiansuandlu

a d’ ) =S ld’ 3
?fiJ”I%ﬂ‘VIW‘]J‘]J@ﬂﬂﬂgﬁﬂimﬂﬂﬂﬁﬂluﬁ”lﬁ\i 2.1[10]

a o v J a .
U 2.1 Fuzzy set A UHIBNANTUNNT X A1W1500T V1898 membership

function

Hat X = [01] (1.1)

1o x € X ud ua(x) AesnanuiluasnFnued x VU fuzzy set A [10]




Y] 1 < o a3 a 1
M54 2.1 g wlensUa N ugFnlsswmnaiN o

Type

Membership function

Triangular fuzzy number

{ 0, x<ax=b
x—a € (a,m]
pa(x) = {m —a " '
b—x
kb — x € (m,b)
0
[ 0, x<ax=d
Z: Z x € (a,b)
pa(x) = { 1, x€[b,c]
[d —x
kd — x € (b,d)
Interval
1 f-===== B —
() = {1, a<x<bh
| | HalXJ) =10, otherwise
o — ;
Gauss’s fuzzy number
1
—(36—950)2
pa(x) =e d




. I 4 @ Aaov o
fuzzy logic gnlFilwnselionanlunquiwainmies (fuzzy set theory) 1ng

o A v W { 1% I o J o . . . . :
audumsnualsnianvastudvielse lonlaeSonaud 1 linguistic variable B3

1 A ] Y 2 d o 1 ~ = B~ 4 1 [V dy
AINQUINTD [11] U sayatluain “Age” Nawnsalanuna (term) M9 €] AU “very

X 1 4 ] o
young” “young” “middle age” “old” 118% “very old” B4 lunaaz walls1901guazgniimua

o Jd o I a A 1 o A~ @ 1 [
aﬂHﬂ!giﬂﬂﬁﬂﬂ%uﬂ?’lﬂlﬂuﬁﬂ’l%ﬂﬂlmﬂ@]'Nﬂ‘L! nnlsenoun 2.1 HLEPNANHUSUDILADT B IN

~ d o I a 1 4
91glugdununs i mmilsenaun 2.2 uaaalanduanuidluandnveanaznail

young

very young

middle age old very old

i X

0 5 30

50 70 95 100

mwilsznouh 2.1 dnbuzvewdazyveglugdununsv [11]

1, 0<x<5
.uveryyoung(x)= 30 —x x < 30
25 ' -
70 s o<30
_) 25 =r=
.uyoung(x)— 50 — x
< <
20 30<x <50
x — 30
, 30<x <50
_ 20
ﬂmiddleage(x)— 70 — x
<x<
20 50<x<70
=30 sh<x<70
:uold(x)=[ 20 =*=
X, x>0
=70 sp<x<os
.Uveryold(x)z{ 25 '’ Sxs
1, 95 <x <100

d' Jd o I a 1 '
ﬂ1Wﬂ§$ﬂi’)‘U‘ﬂ 2.2 ﬁ\iﬂ"]fUﬂ']ﬁlﬂuaN'l"]fﬂ"U@\iLlﬁa$ﬂfj\3’f]']q [11]



2.2 XML ttay XML database

. I

Extensible Markup Language (XML) 1iluniasgiulaseasrwonarsgluny
#1999 Standard Generalized Markup Language (SGML) [12] #gnoonuuyldaiuisoldlu
A 9 ' 4 v = < a
msuanlasudoyaszrnamanosy jluuuIaseadiuendrs XML Juuvusuiluunugii
Au 1Y (tree model) uaz 14 tag lumsouennunuievesdoyasulidanuaunsolums

o 1 o a o v
M1uA attribute lut@az element ¥11densnesviennureazauduiusvostoya la

@ i 3 9 {
Tumwes dregumanudeyaluzlunuenas XML uaaslummlsznoui 2.3

<catalog>
<product dept="WMN">
<number>557</number>
<name language="en”>Fleece Pullover</names>
<colorChoices>navy black</colorChoices>
</product>
<product dept="ACC”>
<number>563</number>
<name language="en”>Floppy Sun Hat</name>
</product>
<product dept="ACC”>
<number>443</number>
<name language="en”>Deluxe Travel Bag</name>
</product>
<product dept="MEN">
<number>784</number>
<name language="en”>Cotton Dress Shirt</name>
<colorChoices>white gray</colorChoices>
<desc>Our <i>favorite</i> shirt!</desc>
</product>

</catalog>

4‘ @ ] < 9
muszneun 2.3 @3@8’]\1ﬂTﬁLﬂUﬂl@HaiugﬂllUUl@ﬂﬁ’ﬁ XML [15]
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4 @ [ a o 4
Lﬁmmﬂmmmmmiumi%ﬂmiﬂuff’ayammgmqﬂfaymwﬁuwu‘ﬁuaz
A ' = Y ' =2 A a o
ANVIANYUUDININTIIU XML “lummamﬂaﬂml@y.aizﬂﬂﬁizuu vunauuanalunsin

e a o o o J @ J @
GﬁjaaGummgmsffauummﬁuwumaz XML #1195 INNUITEN1 XML database [13] Tagnan

= [ =

< ES
Gll!ﬂﬁlﬂﬂﬂ?@uﬁmﬂﬂﬁﬁ XML °lugmsffay,auumﬂ 2 ¥anNnN1s A

u

A 9 A & 9
1. XML-enabled Database (XED) A3z UUgIUToyainudoyaluzduuuaisiaves
a o o A 1 1
pudoyadeduiusnianuamisolumsoieToudeyasinendrs XML Wga1sa

° v o Iy Y Y A 9 9 Y
ammuuiiassnnuduiusi ldeenuun1d vseareToudoyaningrudoyaing
N3 XML e 19 lumsuann)asudoya

. A 9 A d 9
2. Native XML Database (NXD) Ainszuugiudoyainnudoyalugiunvvesonats
14 0 ] '
XML Tagmwiz msidnevsons ludoeyarii1d lasaselag ludeesiiumsutlasdoya
Y g 1 J
Faududouana1952 13119 native XML database 1182 XML-enabled database n151491949

9 [N Z o Y o = a a Aa
mamiﬂﬂ”lumummﬂmuum‘lwmmma@naﬂumimqmuaznﬂszﬁmmwm

U
Y
=

1 @0117ABN3511Y04 native XML database uanalunmilsznouii 2.4 [14] Tusuae
nMstuiindoya XML parser 9291113051900 UAIUYNADIVDITOYALAY XML
object Tael¥ DTD (Document Type Definition) “lummzﬁ Object processor ﬁwﬁ’wﬁ"lu
M3UUTNN object 7ana121U native XML store Lﬁaﬁ'mmiﬁ”uﬁmf@y‘a Query interpreter
wimithisuasinnumidedeuamiazfadeny Object composer ilaALALToYa

3 4 1
Tugduun object tazuauiluend1s XML ivod ey

XML output  Query XML object/DTD
XML
Query XML engine
interpreter parser

Y

i

1

1

1

:

1 e

H | Data Object
: map processor ‘_I
1

1

1

1

1

1

1

Object
composer | 4

Utilities

External/

Internal data
store

Mnilsznaun 2.4 a011laenITUUD4 native XML database [14]
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2.3 XQuery

A 9 A Y
XQuery ﬂaﬂ']‘k]’]ﬁaﬂﬂ']llell@y.aﬂgﬂﬂﬂﬂ!lUUIﬂﬂ W3C 1ﬁuﬂ31uﬁ’lu1ﬁﬂﬁlu

Y A9 2 o Yy A v v A
MIAUAUVDYAINDNHIT XML TﬂﬂnaﬂymzmiﬂUﬂu 2 ankUuEvian Ao

1. Path Expressions ﬁ@ﬂnﬁ'uﬁu%uﬂaiﬂﬂmnﬁaﬂ element LAY attribute I1NLONTT
XML path expression gn 19 1unisnesluTassadreduldvowonars xmr §14
A11TDAONTLAVVDY element A28N15 1T 09N </ [15] Ar9819A1TUFY

I 9 J v ' 9
doc(“catalog.xml”) 1115 16 WaNFU doc Y89 XQuery Tun1501UTBYAINBNATS
A o A 9 [ ~ Y @ 4
XML %0 catalog.xml ¥9litoyaninimilsznoui 2.3 vz ldwadnivinnisaeuniy

=

9 Y o o Y = a9 Y A
GUE]ll“aﬂ')fJﬂ'lfTQfTE]‘]Jﬂ'ljJeU'NﬁuﬂQﬂ'lW‘]Jigﬂﬂ‘]Jﬂ 2.5 Gluﬂimvmmmiﬂuﬂumwm
. ' ) Y A o Y A . '
attribute UDILAAE element ;Tl%ﬁmwaimmmwma “@” MUY UDN attribute 1B
- = A . A g
doc(“catalog.xml”)/*/product/@dept FI9&AUA attribute WD dept YOINN element malu

A A B
QnNVB element ¥0 product 1AIBIHNIY <+ T411UN13521) element 1¢ 9

<product dept="WMN">

<number>557</number>

<name language="en”>Fleece Pullover</names>

<colorChoices>navy black</colorChoices>
</product>
<product dept="ACC”>

<number>563</number>

<name language="en”>Floppy Sun Hat</name>
</product>
<product dept="ACC”>

<number>443</number>

<name language="en”>Deluxe Travel Bag</name>
</product>
<product dept="MEN">

<number>784</number>

<name language="en”>Cotton Dress Shirt</name>

<colorChoices>white gray</colorChoices>

<desc>Our <i>favorite</i> shirt!</desc>

</product>

a o v o Yy Ay Yy o &
Mwilsznoun 2.5 ADYNHAANTIINNMTAUAUUDYAN YA doc(“catalog.xml”) [15]
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2. FLWORS ¥ lumsaounmdoya lnvoyanalddldamnsodon ulasauazdadiay
doya 1ng FLWORS 52nouUA10f11an “for> “let” “where” “order by” 1A%

@ 1 ] @ J
“return” #0819 109do U W Yoyaluguuy FLWORS nazrnaawsudaaslu

~
MWUsENOUN 2.6

fdsmeva

for $prod in doc(“catalog.xml”)/catalog/product
where $prod/@dept = “ACC”

order by $prod/name

return $prod/name

WadNS

<name language="en”>Deluxe Travel Bag</name>

<name language="en”>Floppy Sun Hat</name>

3 @ 1 o v v J
ﬂ"l‘W‘lJ‘é%ﬂfz)‘Uﬁ 2.6 IDYNATITDUDIULATHAANTUDINITADUN VUL FLOWRS [15]

2.4 Fuzzy XQuery

I { A
Fuzzy XQuery 1 un1¥1q0u010903a91n0na15 XML NINA9INNI159818
ANE 30 TuMIAIUNITN fuzzy logic T¥nunEI@aUnINToYa XQuery TasiiaTuite
Y v Y
NA1TFUNUUTUONTVOIIANNAINTO U TUNIUITEVDINTTUUNT [8] NTANTUNS
aana1ngnivualiedludiuvesoylsz Toa where ¥eldlumdeaovoiudoyanny
FLWOR uaz1i10491n Fuzzy XQueryGl‘;]gf)‘H AaNNITATUINUVY Generalized Priority Fuzzy
Constraint Satisfaction Problem (GPFCSP) 39@1315 019 Tofvun priority t48% threshold &
[ 1 1 1 o I Aa o { o @
TagA priority vz aaranon1szauANIuduFnvesdiulsngniruanIuszauved
] o 1 o I a ° { @ o ?x’z
priority aza1 threshold 1¥nuasiszauaNuilumndndiganeoniyldlasiualing
1 . . Z’, a1 [ ] A A (= o [ . .
A1 priority 48% threshold uuum@gclwma [0, 1] Tunsainlulinisiivuani priority P19
o Yy Y1 L Y A s WY o o Y1 & v
annuezldldmasdune 1 Tunsaiia threshold Tilagnimua mamuimaz ldaasdu

flo 0 [16] A8 19MTIT0UDINTDYARI8NTHT Fuzzy XQuery aanannilsznouh 2.7



13

for $student in document(“‘students.xml”)//student

let $age = $student/age

let $height := $student/height

where $height > 170 and $age = #young [priority 0.5]
[threshold 0.6]

return <result>$student/name</result>

mundszneud 2.7 Megemasaeunn lun1y1 Fuzzy XQuery [8]

2.5 Triangular Norms (a2 Conorms

Y
Triangular norms (t-norm) 148 ¢ Triangular conorms (s-norm) [10] § N & $199u
A 9 Yo A . . . [ o A A g
o lvausol¥auiunIs union intersection LA complement ﬂumgﬂmmumﬁmﬂu fuzzy

set

fiea 2.2 Waddu 7:[0,1] x [0,1] > [0,1] e triangular norm ¥3 @ t-norm [10]1{ 03
Auaniace il

1) Commutativity: T (x,y) = T(y, x)

2) Associativity: T(x, T(y, Z)) =T(T(x,y),2)

3)  Monotonicity: y < z = T(x,y) < T(y,2)

4) Boundary conditions: T(x,1) = x AT(x,0) =0

(3

F4
AR UHUMTNUFIUYOI t-norm 1FU

1. Ty(x,y) = min(x,y)
2. Tp(x,y)=x-y
3. T,(x,y) =max(x +vy—1,0)

0, (x,y) € [0,1]?
4, —
To(®) {min(x, y), otherwise



1) Commutativity: S(x,y) = S(y,x)
2) Associativity: S (x, S(y, Z)) =Sx,y),2)
3) Monotonicity: y < z = S(x,y) < S(y,2)

4) Boundary conditions: S(x,1) = 1 AS(x,0) =x

;4
mi@i’nuumiﬁugmmm s-norm t¥U

1. Sy(x,y) = max(x,y)
2. Sp(x,y)=x+y—xy
3. S.(x,y) =min(x + y,1)

— 11 (x,)’) € [0’1]2
4. Spxy) = {max(x, y), otherwise

a .. . % o v oA .
HeN 2.4 characteristic function ¥UTUNATNTYDINITAIUNT union VYIFB fuzzy set A
Y
taz B [10] Hewaail
taus = S(ua(x), pp(x))

% d v o Aa . .
characteristic function FUIUNAANTUBINTAUUUNT intersection VDIHD fuzzy set A 11ag
9
B [10] Hewaall
tans = T (pa(x), up(x))

R o [ 4 o Aa
characteristic function FuiUNaaNTUYBINMIAUUUNT complement YONT O fuzzy set A [10]
Y
Al

Hepy = N(ua(x))
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U

a d'd' Y
2.6 NUIYNINYIVD

o : <
113) 2012 Ueng t1ae Skrbic [8] 18111810 Fuzzy XQuery 1 un15vens
ANEINITOVOINTIAOUDIN XQuery THEIWITOAUIUNITN fuzzy logic TumsaoUn I
934910 native XML database 1na1dnann1s GPFCSP Tumsmuimaiszauanuiane 1y
. . A g o o ¥R A v = o o
(satisfaction degree) Yoo lunaualumdsdouniy Nl e iansadoumdvens
ANUUUNITNN fuzzy logic 1y Tuddegouniudoya XQuery §avo ldmmuagdununiu
@ a Jd a d o @ t4
dovunuazad uamlam I UB NS WiAMBI MU Fuzzy XQuery Tagliensaiveq
a 4 [

MurgounIugnesuieTaslae1nsel EBNF (Extended Backus-Naur Form) aatea ]y
A A~ 2 o @ =2 A Y
amilszneud 2.8 uaznmalszneuh 2.9 naastuasumMsNIUVeIAlan I uilof 19
NIONAMIAIADUDIN SZUUILATIIADUAINYNABIVOIATIAOUD W NTANAITITOUD WY

¥ @ v 3
anmwm”hmﬂimizuu%uﬂmmmﬁauam Fuzzy XQuery Tvilumuiaevau XQuery

U

Y o 1 A d . o & Yo & A A ' Y
mﬂmimmumﬂu fuzzy loglc E]E]ﬂ"lﬂﬂﬂW?N’ﬁﬁl‘]JﬂHJLLazi%ﬂWﬁﬂﬁﬂUiﬂlﬂﬂmaﬁlﬁ)giuﬂﬁﬂu

Ay A Y] o @ )

Y o o [ I a
AUUBDYA LiJE]llﬂ“b'@"lJE]iJaNaaW‘ﬁﬂmmuﬁumgaﬁﬂnTmiimu’JmSZQUﬂ’Janumﬂ%ﬂ@mm‘i

Q U 9

oA . o Y A [ 9y A 4
ANUUNITNN fuzzy logic wamﬂmimmmﬂzgﬂcl,mﬁaﬁﬂﬂmwwmau“aﬂmwmﬁau%uaz

3 v J
HaaseonN U UNaaNS

WhereClause ::="where" ExprSingle (ThresholdExpr)?

ExprSingle ::=0rExpr

ThreshcldExpr::="[" "threshold" Decimalliteral "]"

OrExpr ::=AndExpr("or" AndExXpr) *

AndExpr::=ComparisonExpr ("and" ComparisconExpr)

ComparisonExpr ::=RangeExpr ((ValueComp |GeneralComp |
NodeComp) RangeExpr PrioritvyExpr?)?

RangeExpr ::=ValueExpr

ValueExpr ::=ValidateExpr|PathExpr|ExtensionExpr/|
FuzzyExpr

FuzzyExpr ::="#" Literal

PriorityExpr ::="[" "priority" DecimallLiteral "]"

mnlszneun 2.8 1iensel EBNF 119auveadatt/an1sn Fuzzy XQuery [8]
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Fuzzy XQuery Interpretation

User System Native XML Database

» Check syntax validation

Input Fuzzy XQuery

statement

A

Transform Fuzzy XQuery
statement to standard
XQuery statement

A
[ Retrieve data ]——{ Returns result sets J
Interprete using GPFCSP ’-‘

A

Sends error message

Display output in XML
format

Phase

' ]
mnlsznoui 2.9 TuaouNTHINIUVEIALan 181 Fuzzy XQuery [8]

9 9 v
Tunudtelzinauevuaouds lumsifseuouans fuzzy set FIA1W150

o ? o @ < a ' g
il lurueeumsauszauanuiuandnvesdoyaunazundluiuaeu Interprete

using GPFCSP lumnisznaui 2.9

1 J = ) an o ' Y o Y
“lu’um@‘lﬂ%ﬂfmmms@ammumumunmsmmmmmmmﬂu"lmmz

MIMUIUANTAIALVOIADY fuzzy set
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a d
N1FUAIISTHiAaTODNUUVITUY

¥ 1 a 4 gl.: a, o 1
TuunilagnandansdnIziuazn1seonuuuIUAB LIS luN1TAILINAT

Y o F) o w = g’/ as ° a
Anunu lanazn1ssduvesaed fuzzy set 5934 1B THAUIT lumsusnmsA i UmS

senanumsaiumadnn lduagmsduiiumssinunnmdsaeuniudoya

3.1 Characteristic function

[

Y v
191398192 W13 characteristic function NEWITDAIUIUAIANUTINU

Y
[ [

Y o A
"lmmzmiamu JU

®  Triangular fuzzy number

®  Trapezoidal fuzzy number

Fuzzy shoulder
Interval

Crisp value

[ o . A 1 o 1 o Y 1
anbazlszi (attribute) mgmmqﬂummumazgﬂmezgﬂmwuﬂmﬂgﬂiw

.- . g ! . o ] ! o &
VB9 characteristic function U €] 1% Triangular fuzzy number ﬁaﬂymmﬂug Uaumaey Ay

Triangular fuzzy number 9lanyz 15z 3 daufe WNAFIUA UG (Left offset) NNAYATDA
% S W

(Maximum) LAagNAAFIUAIUYI (Right offset) TUUYULN Trapezoidal fuzzy number HanNHUY

I : { o o 1 a o A v
Wuglamasuaanydalidnsuzilszd 4 aaude WAATIUM UG (Left offset) NNAYABDA

a9

[

NWAUHY (Left maximum) NAAJABDANTIATUUIT (Right maximum) HAZANAFIUATUVYN

I o o ' . L. .
(Right offset) (HudM @1319 3.1 apsdnyaz sz s1veuaay characteristic function

y v v

=1 A [ Y] 1 o = v k) ~
MU fuzzy set ‘1/]11ﬂ’ﬂllQ’Qllmvnﬂuﬁ]SlliJi‘ﬁiJﬁﬂ‘LﬂiﬂL‘]ﬁEJ‘]JmEJ‘]Jﬂu]lﬂGHNTI

Bodenhofer Tt naueluauise [17] 0819 15Aa1m Skibic 18 1411110210A8A910 Bodenhofer
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a o I % o
naziduonuIAnlun1sUiy fuzzy set 19111 normalized fuzzy set [10] Farviualianugs

1 % QU 1 g
YoMy 1 erue asaumsae il

1,  pa(x) = h(4) 3.1)
Ua(x), otherwise

pa(x) = {

A
o
h(A) Ao ANNGIVOI fuzzy set A

@ I a
i Ao 5EAuANMYUENIFNVUBY normalized fuzzy set A

A T a o dy ) 9 1 o
Lu’ﬁ]ﬂﬁ]'lﬂWﬁaW‘ﬁ‘V]]lﬂinﬂ\ﬂu'J ﬂuﬁ]gﬂﬂu'lhlﬂsl,“lf\ﬂui'HJﬂ‘]JﬂT]eﬂﬁ'O“Llfﬂll

U

v

L a {o a a . v & o 4 o
Fuzzy XQuery GTNL‘]J‘LN’IU') Uﬁmmumimmmaﬂﬂmm Skrbic ﬂ\‘iuu%ﬂﬂmuﬂiﬂmimuam
Y

' o w o { 1w 1 ' <] {
ﬂ'lﬂ’lfl'ﬁ’lﬂﬂﬁ’lu’liﬂﬂ’luj‘m]’lﬂlﬂw'lg fuzzy set ﬁﬁmmgdmmu Llﬁﬂﬂ'lﬂllﬁﬂ@'lil fuzzy set ﬁ
9

I ° ° L] o ' o w v o
lﬂﬂﬂluﬁ'luaﬁjﬂll“aﬂziglj’[’)\jﬁ’lll15'[:]u’]inﬂTL!'JmVNﬂ’lﬂ'J’llllaﬁ}']ﬂu"lﬁ}LLaZﬂ'lﬂ'lﬁa']ﬂU ﬂ\‘]uuﬂlu

%9

e

4
v

a 3 a o o I 1Y
NUITBUTINNTUURNE fuzzy set NENUMTUTUIHIY normailized fuzzy set 1183 193 Crisp

A o I = Aan K vy =~ @ PR .
value Hanvuziiluga 9 nilsuuszu 2 1a 39 lddelinisdsulmiilu normalized fuzzy set

M15149 3.1 anHALU5E01V0UIARE characteristic function

suUmwanyae ¥o onH3ED WAAUY

STUIU 2 4R

Triangle fuzzy number

(MAX, 1) Left offset L-OF (L'OF, 0)
1
Maximum MAX (MAX, 1)
Right offset R-OF (R-OF, 0)
(L-O:O) (R-O:O)
Trapezoidal fuzzy number
Left offset L-OF (L-OF, 0)

Left maximum L-MAX (L-MAX, 1)

Right maximum | R-MAX (R-MAX, 1)

Right offset R-OF (R-OF, 0)




M15149 3.1 an¥ALU5E91U0UIARE characteristic function (A®)

19

sUmnanyaz 7o onHsED NNAVY
T 2 AR
Left shoulder
Maximum MAX (MAX, 1)
ey
' Zero point ZERO (ZERO, 0)
Right shoulder
Zero point ZERO (ZERO, 0)
! - Maximum MAX (MAX, 1)
Rt
Interval
Left maximum L-MAX (L-MAX, 1)
1T (*;")' - Right maximum | R-MAX | (R-MAX, 1)
| |
| |
| |
| |
Crisp value
X,Y)




20

3.2 MSAUIN

[

o a d" 1 I A o ' Y o
msmalunuItsiuysesnuaesdszinnae MsmuIumANuiINY
18 (fuzzy compatibility) Y0404 fuzzy set LazAITAIUIMAITAINY (fuzzy ordering) YDIT D
v Y
fuzzy set AUABUITUDINITAIUIUNIADIY521ANV2E19890UFUT19UDIUARE characteristic

function

3.2.1 M3MIaMANINIUIA (Fuzzy Compatibility)
o 1 Y o kY I a o [
AMTAUINAIANWTINY IAVD a0 fuzzy set wuUmMsnnsadaaIuvod
) a 1 U 9 ) ) a
UIUANIFNIINTENIN fuzzy set AUNNULAL fuzzy set Ua1emuNeuAUTIUIUFUIFNVD
Y = ° ' Y o Y o Y ' A Y o o
fuzzy set AUNN Famsaurumanunu ldausadialdnnmsmalundeuriuny
o 1 Y o 9 9 4 v o A " W
VDIADN fuzzy set miﬂmammﬂammnﬂu“lﬂﬁ]ggﬂﬁﬂﬂhqmtﬁawummmumi “Mmny”
Vo o o w o Ay Y R o a [l [
(=) uag S PHETTR (=) lumasaounu waawﬁ"lmzﬁmmummmmmﬂagiumq [0, 1]
9 I 1 I a % o A F) 9 Y v o
uazfuzgn“lamﬂummwmﬂuﬁnwmjaqmgﬂmmumimamumw (fuzzy set AUN) Ta)éfadn

QNAUHUMINNAIUYN (fuzzy set Uaren19) vosdaduiiuns

Skrbic t1a Rackovic Idinauauunaadmsunmsmuiaaanuannuld
Y
YOITD fuzzy set 1 [10] A9

_ P(ANB)

= — - (3.2)
“48 = TP

A
o

Ca 5 AOMANUNU RN fuzzy set AUN1 A 1163 fuzzy set aren1a B

4
A Aq ¥

P(4) Ao Wunldnsmuos fuzzy set A

X do
P(A N B) Aenuf VHOUVDI fuzzy set A 11D fuzzy set B

VINAUNIT (3.2) MIMIA1e9ANNIT Y Idue9d09 fuzzy set A 1oz B

Y L A Y & A Y o 4a X J
A3 18MIMNUNY fuzzy set AUNWALNUAFOUNVNAATUTEHINADY fuzzy
set LALHBIINANHUZNUANA A UYOIAAT characteristic function W11HN154131519v09

&‘ A 9 v A v 9 1 1< awv dy Y ..
WUNEDUNVUANUBUFOU @EJN]liﬂG]”Ill TuveuvavesuItelYszneuae characteristic
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function NUANH UL 1J 15 ﬂﬂUﬂluﬂWﬂﬁNﬂWﬁL%ﬂlﬁulﬂWﬂu ﬂ?iﬁﬁ?ﬂ?ﬁﬂﬁﬂﬁ@ﬂwuﬂ

Y
a &2 X

3 =4 A A % F2
%@u‘ﬂﬂ‘mﬂﬂﬂluﬁﬁ\‘]% gﬂmmJugiJﬁa1t’Jmat’Jmmzmmiamwummgﬂmmu‘lﬂiﬂamﬁ
v 9
ldaninauuszuIudedia amlsznoui 3.1 udastiuaoumsmulaanuanu laves

N 9 9
a0 fuzzy set NU5EABUATUABUMIMUINAIH

4 [
u ﬁm’sm@ﬂ‘wﬂmmﬁuﬁ%ummzmnmq fuzzy set
° X Ay o
B a1uuvdIavedndngeouny

° 1 Y o Y
u mu’;mmmmmnﬂuvlmmﬁm fuzzy set

Calculate
intersection area

There is no intersection area There is |ntersect|on area

Return "no
intersection area"

Calculate size of
intersection area

Calculate
compatibility value

A

Return obtained
value

' v
mnszaeud 3.1 TuasuMIMUINMANNITU IAYeIEDY fuzzy set
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3.2.1.1 MsAnnaganiiiavesnuidou
] Y
Lﬁmﬁ’aammgmﬂmwmaﬂyngﬂﬁwmgmaz characteristic function ANUU

Y
% ax o S o

v o a v ¥ { ) 2 vy
Glluﬂﬂu'l‘ﬁﬁ'lﬁﬁﬂﬂ'lﬁﬂ'll!']ﬂ!EQWWﬂWUﬂﬂﬁu“ﬁ%ﬂuﬂﬂ%ﬂllﬂﬂﬂﬂﬂlﬂu 10 NIUAIH

1. 51N Triangle fuzzy number 1% Triangle fuzzy number

2. FTHIN Triangle fuzzy number 8% Trapezoidal fuzzy number

3. 5NN Triangle fuzzy number 18& Fuzzy shoulder

4. FTHIN Triangle fuzzy number 8% Interval

5. 5NN Trapezoidal fuzzy number 48& Trapezoidal fuzzy number
6. FTNIN Trapezoidal fuzzy number 4l81¢ Fuzzy shoulder

7. 5EHIN Trapezoidal fuzzy number 4% Interval

8. FTHIN Fuzzy shoulder (l81¢ Fuzzy shoulder

9. 3% Fuzzy shoulder 118 Interval

10. 52%1714 Interval 11a% Interval

Y Y
Tuuntivznaainoe19vuaouIT 1N AIUIUYANNATL NI Triangular fuzzy number Ay
. 1 g’/ g’/ An A n vy dy Y
Triangular fuzzy number (N1 611umamw‘lu‘lmmﬂﬂuu‘wummmﬂ'lﬂmﬂmwwuaﬂ f
S o ° ' Y Y . A o A ' = a
dmsumsmulaanNudInu laved Crisp value 9z iansusiuanaiseon lduenesuie

TNuvide 3.2.1.4

[AC1] GetIntersectionArea (FuzzyTriangle A, FuzzyTriangle B)

Start

Compare LefiOffset and RightOffset of two fuzzy sets

If there is intersection area
Store coordinate (LeftOffset,,,., 0)
Find a coordinate of interception of LeftEdge, and LeftEdge,
Find a coordinate of interception of LeftEdge, and RightEdge,
Find a coordinate of interception of RightEdge, and LeftEdge,
Find a coordinate of interception of RightEdge , and RightEdge,
Store coordinate (RightOffset,,;,, 0)

End if

End
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[ a o ti’ A 9 9 Ja @ J 9
ﬂTﬁﬂ'lu'Jil!WﬂﬂsllENW'L!‘VIGIi’fJu‘VI‘U%81611'3‘5ﬂ?ﬁﬂWﬂqﬂ@]ﬂﬂlﬂ\?LmagﬂWHmﬂﬂ fuzzy
A o =\ o = 1 9 ?.’, o w 9 a 9
set MW NYSeuneunu Felunnazaiuves fuzzy set HHIEYNNINUAIYTNUNITLYIUTY
o ] 1 . Y Y A o E o Y =
gNAIDYIUYU Triangular fuzzy number dsznovualrearuniiunlslunsmuindesaiune
9y . 2 o o Y a Y Aa ]
418 (left edge) AU (right edge) FIMNUAWTUMTFUTUNTAANNT T UUINLaZ A
auaey Tuvaeh Trapezoidal fuzzy number Usznoudremuilglumsduin 3 Mude 4o
. 2 o o 9 a Y A ]
(left edge) U (right edge) L1z NAY (center edge) FINNUAIIFUMTIFUTUNDA AT T U
1 L] 1 { o w { o 1
van Manusuiluay uazainan (y=1) auainy nndsenaun 3.2 UEANAIBYINTUNIT
AAUYBIUAALAIUVDS Triangular fuzzy number L1018 Trapezoidal fuzzy number $11319 3.2

HAAIYANNALAZ AUMTNIAVVDIAAE characteristic function

N
(MAX, 1)
1
(L-OF, 0) (R-OF, 0)
a) Triangle fuzzy number
N
(L-MAX, 1) (R-MAX, 1)

1 3+ —_ — —_ = _——_—— —

Center edge
y=1

(L-OF, 0) (R-OF, 0)

b) Trapezoidal fuzzy number

MNszneUN 3.2 A9 19aUMTMAVVDLABLAIUYDY Triangle fuzzy number LA

Trapezoidal fuzzy number
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Characteristic functions ﬁﬂﬁﬁﬂ FUMINNY

Trianglular fuzzy number (L-OF, 0) LeftEdge,
MAX, 1) RightEdge
(R-OF, 0)

Trapezoidal fuzzy number (L-OF, 0) LeftEdge,
(L-MAX, 1) CenterEdge,
(R-MAX, 1) RightEdge
(R-OF, 0)

Right shoulder (ZERO, 0) LeftEdge,
(MAX, 1) RightEdge
(e, 1)
(00, 0)

Left shoulder (0, 0) LeftEdge,
0, 1) RightEdge
(MAX, 1)
(ZERO, 0)

Interval (L-MAX, 0)
(L-MAX, 1)
(R-MAX, 1)
(R-MAX, 0)

Crisp value (X,Y)
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. X 4 X dy o
3.2.1.2 MIMMIVVINANUNUBS fuzzy set HAZNUNFOUNL
3’, o dy d'dy 9}3‘/ Qdé ) =
Turuasunsmurainuniaz 1¥vuasulsyatinave laeg Pak 113l a.9.
1 v

9 H
2004 Tao Pak lavuauedunoudt lumsiuaiuivesgivaemiasuilale o [18] ms

a

o 2 o Aav & { v v v <
ﬂ"I‘L!'JmLilﬁﬂﬂﬂ"lﬁuﬁ;ﬂWﬂﬂTN‘VillWU@\13TJ‘Via"IEJLW?IElllMT%ﬂ@uﬂﬂiu‘ﬂﬁﬂNﬁ"ﬂle’@‘ﬂ’JuL"’Ull

a 1 1 % ) I a o [ 3’_, o a o 1
mwmamﬂﬂ’amwﬁquazmma%’mﬂuminwwm NaIInHY ganna lumsmua

q

AWUANMS (3.3) Aall

(x1y2 — xy1) + (X33 — x3Y2) + -+ (XnY1 — X1 V) (3.3)
2

Area =

3.2.1.3 MImama N1 1avesaes fuzzy set
ANy laueaed fuzzy set @ausosuIn lannaums (3.2) Tagih
A A A dy o ) A A v ¥ 2 A A
YUIANUNVOINUNFOURUHITAVUIANUNV fuzzy set AUNIE 193] VUIAVDINUAVDS
fuzzy set UM I150A I 1891n31/519v091AAE characteristic function 14U Triangular

A o < = o ¥ dy ~ . =2 I
fuzzynumberMaﬂumzlﬂuﬁiumaﬂu AIUUNUNVD Trlangularfuzzynumber’NHJL!
widthxheight| _ |(RightOffset—LeftOffset)><1
2 2

3.2.14 é’f’mdnmiﬁmam
Y
@'J'E')EJ’I\?Llaﬂ\iellu@@LlﬂWiﬁ'lu’JmﬂWﬂ'ﬁ'lﬂlslil'lﬂullg]}i$ﬂﬂ'lﬂ Triangular fuzzy
number A (12, 15, 18) ttag Triangular fuzzy number B (14, 16, 17) Tagnunas Triangular fuzzy

number YsznoUMeanyuzlszsn 3 AR LefiOffset Maximum Uae RightOffset MUE1AU

[ 9 [}

9 Y H
AMUTUADUIT ACI msﬁmamgﬂw mmﬁuﬁ%uwmzmn fuzzy set A

P
= (Y A

Hag B (3UNMTATIVTDUNED4 fuzzy set HNUNFOUTUNT0 11 TaeN1321910 LefiOffer

LAE RightOffset YOUARY fuzzy set TUNFAN lUwuMIFoURNUAUTZUVIZHYANTTAIUIN

@ [

v W 4 1A 4 { 9 v A v
Glu‘VINﬂmJﬂu Lﬁawummﬂﬁuﬁ%@uﬂu 53Uﬂﬁlgﬂ'lﬂ']i%@lﬂU’g@Wﬂﬂﬂq@L!iﬂaQiu@]’li’l\‘]ﬂ@

a o o 1 { ~ < < a o g
Winalaomsmuima Lefiofser nunigadaaz lailuganing (Lefioffset,,,, 0) 1INUUTZUL

lax>

v
INNTHIYAAAVBIAUMTIINUNNAIUF1BVDINIT O fuzzy set (LefiEdge, 10E LefiEdge,)

9
Y g v @ g

MINNUYAAATEHINTUMIFUTUNITDI T2VVIzIANVIANAAAIIUA13199ANAA NITA

Aa A ¥ Y ~ [ [ [ [ [ [ A o "o a
Wﬂ@ﬂulﬂﬁ]gﬂﬂﬂllﬂ’] y ’f]gsluf']fj\i [0, 1] ¥iNAN y Ulnagclusﬁjﬁﬂﬂ']ﬂuﬂ 58UU%$1NﬂﬂLﬂUW A

9 1]
@\‘]ﬂaTJa\‘lﬁlaniNﬁ!@Wﬂ@ ﬁnﬂuuiwu%zﬁwmiﬁmam@ﬂmmmaumimﬂusluﬁlmﬁu 9
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o v a3 a o : o 1 { ! I
lunnudernuuazdamuyannaganodsiuialdninan Rightofser nioviga ldiiluga
Tl (RightOffset,,

2 0) MNU32NDVN 3.3 1AA131)319U04 fuzzy set A tag B uazamilsenoy

]
a v A

11 3.4 uaasmseganna Idonmsmuin

A B
10 ]
0.4
(15.6,0.8)
0.8 ;\‘
0.7 “l.l" \\.
06 ficoodN
.-/ (16.5, 0.5)
05 . /
. /
4 / \
03 / 1'.
/ \
0.2 F,-’ \ll
0.1 / ]\
(14, 0)::Ji .1(17,0)

120 13.0 140 15.0 16.0 17.0 180

mwilsgnoud 3.3 31519U04 fuzzy set A ag B uazainan laAninnmsduim

anwazilszdn | X | Y anwazi)szdn | X | Y X | Y
LeftOffset 1210 LeftOffset 1410 14 0
Maximum 151 Maximum 16 | 1 15.6 | 0.8
RightOffset 1810 RightOffset 1710 16.5 | 0.5
17 0
a) Triangular fuzzy number A b) Triangular fuzzy number B c) @151ﬂﬂﬂﬁﬁﬂ

mwilsgnoudl 3.4 msngannad laanmssiuin

9 '
Miniuihmeganna lunmilszneud 3.3 unuluauns (3.3) v ldvuia
g { o A a . . <
Yo uNFoURUAAAIIN Triangular fuzzy number A 9% Triangular fuzzy number B 11l

|((14 x0.8) — (15.6 x 0)) + ((15.6 X 0.5) — (16.5 x 0.8)) + ((16.5 x 0) — (17 X 0.5)) + ((17 X 0) = (14 x O))| _ 1.35
| 2 |
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A A o < A 2~ A A ' v
U310 fuzzy set A NANHUIYUTIVIHAIUTIVVYUIANUNINIAY
width xheight
2

udrzunua luaums (3.2) 9 Idnannudnnulaves fuzzy set A tag B 1y

A v ti’ A @ L&l A =) 4
=3 L:J’e‘]”lﬂsumﬂﬂlmwuwmau‘wmmzmmﬂwuwum fuzzy set A 1581508

135 _ o
3 - -

3.2.1.5 M3AIUMANNINUIAV04 Crisp value 18y characteristic function Usz1anou q

A . Y I & Aaa K [ 9

1U®99710 Crisp value Naﬂﬂmglﬂui}ﬂ 9 Wuﬂuzizumamu@ ﬁ]\illll’ﬁ'liJ'lﬁﬂGl‘H
2 ant o = (% o J Y o £y - . A
VUNDU ‘ﬁcluaﬂ‘lel‘m$mfJ'Jﬂ‘]Jﬂ'lﬁﬂ'l‘Ll'Jﬂ!ﬂ'lﬂ')']iJLeU'lﬂuVlﬂeUﬂﬁ characteristic function ﬂﬁglﬂ‘ﬂ'ﬂu

9 Y
=) o

[ ' 9 _ o Y . .. . A
Nl MsAIuIMAIn MU 1Ave Crisp value IL1¢ characteristic function szinnou 9

o J @ I a A o = 1
ﬁ"lil'lﬁf]‘l’l'lulmﬂfJﬂTiﬁ'lﬂ'lﬁgﬂﬂﬂ'ﬂlllﬂuﬁll'lslfﬂ‘u’ﬂ\‘] X, UH fuzzy set nhwnfSeuney wu

Crisp
MNYsznoui 3.5 MIamuIaaInN iy 1@s1319 Crisp value A (16, 0.8) 11 Triangular
ddy 1 1 1 é 9 é o o 9
fuzzy number B (14, 18, 20) Tunsaitiagwu X, oglusnaasasiovuod fuzzy set B 34MnUAI0
AUMIFUFY ¥y = 0.25x — 3.5 tloununi X, luaumsez lanannudnuldseving

Crisp value A 1121¢ Triangular fuzzy number B N 0.5

1o
0% A /
08+
A { \

07 A

06 A 4
05 4 7/

0.4

03+ 7 i
0z 4 / 4

0l 1
/ !

40 150 160 170 180 180 200

mniszaeud 3.5 msmamanuiulaves Crisp value L181¢ Triangular fuzzy number

3.2.2 MISMUIUAIMINAY (Fuzzy Ordering)
o ' o v d o Aa ) [ 9 =
AsAUIMAImMsanulumsantumsdimsuleslumsfSeuneudaes
kY v o A Aa o v
fuzzy set AIPAIAUUUMTIBPITUNUT (<, <=, =>, >)

13l 2008 Bodenhofer lavinauanuiaalumsauiumssrduvesans fuzzy

[

set 11 [17] Aail
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A<, B & (LTR(A) 2 LTR(B) & RTL(A) € RTL(B)) (3.4)
TufiT Frdufiuns LTR(A) nuneds fuzzy superset ¥09 A ¢ liifidudifa

. . =2 = A =

N1IAANDUUDI membership function (82 RTL(A) 180 fuzzy superset VYD1 A Faluliaaun
' Y 1

ATV UD membership function AMNUsZNOUN 3.6 LAAIAIDIINVDI fuzzy set A Uag

HAANTUDIAIAUTUNT LTR(A) a2 RTL(A)

LTR(A)

RTL(A)

4

Y @ ] v J v o A
ﬂ1W‘lJ§$ﬂi’)‘lJﬁ 3.6 AIVYNU fuzzy set A UATHAANTUDIAIAUUUNIT

LTR(A) ttag RTL(A) [17]

a 4 v

1AFUNT (3.4) HnY LTR(A) 2 LTR(B) 1¥ianunuiendiugioves
Y ' Y ) Aa 7 =
fuzzy set A ADIDYNIATUE18VDN fuzzy set B Tuvagnine RTL(A) € RTL(B) vuedy

v v ' Yy 9 A A s ¥ g a
ATUVIVDN fuzzy set A ADIDYNIIATULIYVDN fuzzy set B uaztpHNWIUNIdo U uITe 9

Y ) [ AAA 4 g}/ I <3

mmsaﬁgﬂ"lmw fuzzy set A O8N fuzzy set B lunsadtinaunidouiumaveainise

=\

1 ] 1 { a 4 { g a 1
a1l 181 fuzzy set A liitfoonii fuzzy set B Tunsainfiiostinaiiferniuasezeagaldn
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Taiaansaih fuzzy set A 1580RA8UNY fuzzy set B anilseneui 3.7 uaasmsifeuiioy
JENINAD fuzzy set

130 140 150 16.0 17 180

a) fuzzy set A WeuAn fuzzy set B

4
02

03
1
/
1
01 ,

i

100 110 120 130

01
140 150 160 170 180 180

120 140 150 160 170 180 190

b) fuzzy set A 111708071 fuzzy set B o) liansanfSeuien fuzzy set A uay

fuzzy set B

mwisenoui 3.7 MmanfSeueouszIedes fuzzy set

AMsAUIAAINITaIaU Tagaums (3.4) auisald lumsmuiaainsainy
4 v o A a o v a3 o [ o 1 o w 4 v o a
HOAAUHUMTFITUNUTIT N < 150 <= d1MSUMIMUIVAINITAIA UL OAIA T UNT
I o VA o 9
Ay > yag >= TTamuINn 1 — anmula ldnnauns (3.4)

o ' o w <3| 1w o Aa
nmsfmummsdan Tasaums (3.4) sxdlumsasivaenndignadntums
numugeosnaIgna i

v A ’ o Ay v °
umimﬂmuﬂl:}miﬂ"lu IﬂﬂwaﬂTiﬂTu?mﬂlIQQTﬂﬂTiﬂTu?m

o w = ' A a <] A 1 ~ = L]
mam@mzmgammmﬂa “PIN” “INV” K30 “"lummamaﬁaumﬂu” °])'\‘1i]$3Jﬂ1l,‘l]u 1 0 uay
0.5 gAY



3.2.2.1 YUADUITMIMUIUAINMTANAU

Lﬁmi]1ﬂﬁ’ﬂymzﬁum&iwﬁ’umamdaz characteristic function %Q

A ~ g A A P} ~ o 1 A
smanfSeumeunavina 25 nsaiine InaseungumsnfSeumeuanyuzai q Tun

Y
1 C%

0_)€

9 H Y
TunouIsn i lauaaslunniiannsog 18 lumanuan n
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a3
HUUADU

v

=
UISUTAN

Y
2819 UADUITM I To LN Triangular fuzzy number 11U Triangular fuzzy number (NTUU

[AO1] IsLessThan (FuzzyTriangle A, FuzzyTriangle B)

Start
Compare Maximum , and Maximum,
If Maximum , greater than Maximum,
Resultis 0
Else
Compare LeftOffset, and LeftOffset,
If LeftOffset , not greater than LeftOffset,
Compare RightOffset, and RightOffset,
If RightOffset , greater than RightOffset,
Result is 0.5
Else
Result is 1
End if
Else
Compare RightOffset, and RightOffset,
If RightOffsetA greater than RightOffsetB
Result is 0
Else
Result is 0.5
End if
End if
End if

End
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N1SATUINAINITAIAL TS Y I Triangular fuzzy number A 118 Triangular
v ¥ o~ 2 A 9 g ~ ' ]
fuzzy number B 92 159UADUIT AO1 FUTUAUANTTOUNGUTLNIN Maximum, 1A
H 1 1 o a 4
Maximum, WATUN Maximum, U910 Maximum, 9291 1¥1w LTR(A) 2 LTR(B)
I 3 ¥ 4 v 1 1
uaz RTL(A) € RTL(B) Wuianag¥eag 1dwaans 1 Triangular fuzzy number A T1ivioond
Triangular fuzzy number B Tunsaii Maximum,, YoonvIomny Maximum, F$UUITNIANG
ASIVEAOUI LeftOffset, MINNI LefiOffset, V3011 10 LefiOffset, NINNI LefiOffset, Uag
' v Ja 1 [
RightOffset, UINNI RightOffset, w2 lawadnsidu Triangular fuzzy set A Tairfesnm Triangular
[ o v { 1
fuzzy set B n301a1nsa1a iy 0 Tunsaii Lefioffset, NINNI LefiOffset, Uag RightOffset,
9 1 A 1T W 9 v 3 1 =~ A A o
WeuNI1 HIOININY RightOffset, 3¢ tanaantidu liaunsafSeufeunseliainsaiui
I § ] 1 o i
Wy 05 TunsAN LefiOffser, TouNITNTBINNY LefiOffset, 10 ¢ RightOffset, M1 N3
o I { 1 T W
RightOffset, 3¢ lanamsmuaudu 0.5 uaz lunsaii Lefioffser, UosnNy3omny LefiOffset,

9 ' ' v 9 o I .
WAY RightOffset, UOUNIHIBININY RightOffset, 3¢ 1ANaN13A1UIMIT Y Triangular fuzzy

9 ' .
number A B8N Triangular fuzzy number B W30 1

A20619MSAIUIUAINITAIAUTZHIN Triangular fuzzy number A (13, 15, 17)
1192 Triangular fuzzy number B (14, 16, 18) 92 WU 21 Maximum,, Wounii Maximum, W9 g
LefiOffset, To8n 1 LefiOfser, 3991153 5ima1l LTR(A) 2 LTR(B) Sluviauay RightOffse,
fooni RightOffer, §avir 18 Ana] RTL(A) € RTL(B) fuate dutuannsaagl1di
Triangular fuzzy number A Uoeanii Triangular fuzzy number B nnilse ﬂE]“U‘ﬁ 3.8 UAAINTIN

LLﬁ$NﬁﬁWf‘Uﬂx‘lﬂﬁﬂoﬂ‘!’Jm

130 140 150 160 170 180 190 130 140 150 160 170 180 190

a) LTR b) RTL

130 140 150 160 170 180 190

1 X v Id
o) MIToReTE1IN fuzzy set A LAY fuzzy set B 39 1naansiilu 1

mndszneui 3.8 MsfSououseriag fuzzy set A L2 fuzzy set B
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3.2.3 msuendszanmsaniums

' ) ' Y
lumdeaoununiamId10191U52noud 8N Ims At U SO U Iaaz g

y v
v v A

ANHUMIAAY NIUILVVILTUNY T2IANMIAUUUNITNNAIGNANUUMT (operand) LAY

(3

AR UUUNIT (operator) WU TUMFITOUD W MNUTZNOUN 3.9 UTAIUHUNTNHAINTTHUDY

MIuIamMANUEITU IdazmMsdIa

MIMUIUGUAUNINMITATIVAOVUTZIANVRIAIRNNTI Wn Tdwy1Tan

o w < o ° a 1
gnnsgralatu fuzzy set SzUVITTINMSAMUIAA1BIDMIUNA MINNY fuzzy set D81 DY

v

NIIAITZUVIZININTIMUNUTLANVDIAIA UL UNITAIT]

(J

A o A 3 1w A Ty o o '
= Jupsainddudiumsdlu amsu” vise <lumifu” (=, 1=) sTuIEiuIua

Y o Y o o A ¥ @
AUV uhlﬂeum 'JQﬂﬂ’lLHUﬂ1§‘V]\3ﬁE]QG]'J

AA o o a I 9 1 9 1 A LY [ A
" Jypsafaanidumsiu “Ueun31” “Uogni1vIemIny” “U1nnITnI e
MIAY” 1A “UINNIN” (<, <=, >=,>) TTUVILAUIUAINITAIAVYDIAIYN

9
AU ITNITDIAD

Check

operands
types

No fuzzy set Contains fuzzy set
Y Check
Compare operator
operands

Equal/non-equal: =, !=  Relational: <, <=, =>,>
Calculate

Calculate
fuzzy

fuzzy
compatibility

ordering

Return
obtained
value

Return
obtained
value

Operands are comparable

Return
obtained
value

Operands are incomparable

Return 0.5

mnilszneui 3.9 LLNL!J'H“Wﬁﬂﬂ’iill"ll’é)\?ﬂ15ﬁ1u3mﬁ1ﬂ’3111l“ﬂj1ﬁullﬁjlm$ﬂﬁ’(ﬁ?ﬁﬂ [10]

Y v
Tuunas ldaznandemsiivduasudsalaosnuuy 131U wan iy
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4.1.1 Characteristic functions fxi.fuzzy.type

1 o {3 o 1
Tun1500AUUVEIU fuzzy types HHIZADY class MY UANUVD AR

Y
characteristic function 941!

1. FuzzyTriangle Audumuves Triangular fuzzy number

2. FuzzyTrapezoidal Audumuves Trapezoidal fuzzy number
3. FuzzyShoulder Audumuves Fuzzy shoulder

4. Fuzzylnterval $u@Inuved Interval

5. FuzzyCrisp ITUAIUNUVDA Crisp value

A ' L. 3 Y A x> = o =
Lu’ﬁ]ﬂﬁ]’]ﬂiullmﬁg characteristic function ﬂgﬁﬂ\iﬂﬁ\iﬂﬂfuq'luLﬂﬂ'Jﬂuu@gJﬂ’]ﬁ

ya o

o A J v 1 o 9 o . . .
agutiumsnelulansuaiany §ivevseenuuulasldnannis inheritance polymorphism

Y

wAa

. Y A A ) = J
118 g abstraction laal¥lAag class AUNDANUTAUUANUITINNUDIN super class #4131 u abstract
d

[ H 4
class ¥® FuzzyNumber AMNUsENouN 4.3 uaad class iagram U®N package i

FuzzyTriangle

<<abstract>> FuzzyNumber

#areaCalculator: AreaCalculator
#selftCoordinate:
ArrayList<Coordinate>

Hicompare(a: double, b: double) : int
+getArea() : double
+getSelfCoordinate() :
ArrayList<Coordinate>
+getPropertyString() : String
+compatibilityCals(triangle:
FuzzyTriangle)
+compatibilityCals(trape:
FuzzyTrapezoidal)
+compatibilityCals(shoulder:
FuzzyShoulder)
+compatibilityCals(interval:
Fuzzylnterval)
+compatibilityCals(crisp: FuzzyCrisp)
+isLessThan(triangle: FuzzyTriangle)
+isLessThan(trape: FuzzyTrapezoidal)
+isLessThan(shoulder: FuzzyShoulder)
+isLessThan(interval: Fuzzylnterval)

+isLessThan(crisp: FuzzyCrisp)

“leftOffset: double
-rightOffset: double
-maximum: double
leftEdge: LinearEquation
-rightEdge: LinearEquation

FuzzyTrapezoidal

+FuzzyTriangle()
+FuzzyTriangle(lof: double, max:
double, rof: double)
+getMaximum() : double
+setMaximum(max: double)
+getLeftOffset() : double
+setleftOffset(lof: double)
+getRightOffset() : double
+setRightOffset(rof: double)
+getLeftEdge() : LinearEquation
+getRightEdge(): LinearEquation
-initEdgeEquation()

leftOffset: double
-leftMax: double
-rightOffset: double
-rightMax: double
leftEdge: LinearEquation
-rightEdge: LinearEquation

Fuzzylnterval FuzzyCrisp
-leftMax: double ~x: double
-rightMax: double -y: double
-leftEdge: LinearEquation +FuzzyCrisp()

-rightEdge: LinearEquation

+Fuzzyinterval()

+FuzzyTrapezoidal()
+FuzzyTriangle(lof: double, Imax:
double, rmax: double, rof: double)
+getLeftMax() : double
+setleftMax(Imax: double)
+getRightMax() : double
+setRightMax(max: double)
+getLeftOffset() : double
+setleftOffset(lof: double)
+getRightOffset() : double
+setRightOffset(rof: double)
+getLeftEdge() : LinearEquation
+getRightEdge(): LinearEquation
-initEdgeEquation()

FuzzyShoulder

“type: int
-zeroPoint: double
-maximum: double
leftEdge: LinearEquation
rightEdge: LinearEquation

y
double)
+getLeftMax() : double
+setleftMax(Imax: double)
+getRightMax() : double
+setRightMax(rmax: double)
+getleftEdge() : LinearEquation
+getRightEdge(): LinearEquation

al(Imax: double, rmax:

+FuzzyCrisp(x: double, y: double)
+getX() : double
+setX(x: double)
+getY() : double
+setY(x: double)

“+FuzzyShoulder()
+FuzzyShoulder(type: int, max:
double, zeroPoint: double)
+getType() :int

+setType(type: int)
+getMaximum() : double
+setMaximum(max: double)
+getZeroPoint() : double
+setZeroPoint(zeroPoint: double)
+getLeftEdge() : LinearEquation
+getRightEdge(): LinearEquation

-initEdgeEquation()

mnisznouf 4.3 Class diagram U84 package fxi.fuzzy.type
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J Y \ Y1 (% .
4.1.2 ammmﬁ;aﬁ“lmmnu fxi.fuzzy.common
=~ ' A P J 1
Class ‘VI’E]QTL! package common f1® class miussndsenovvesunay
.. . 2 Y Ao A A o w ' Y
characteristic function %Qﬂizﬂ’E]iJﬂ’JEJi]ﬂ‘WﬂﬂﬂJEN‘W‘Ll‘V]!,LazﬁiJﬂ1‘§ﬂ1ﬂ1J5luLma$ﬂ1u°U’EN
characteristic function MWU352NOUN 4.4 LAAY class diagram U®4 package fxi.fuzzy.common

A g @ J PR ¢
class MIuAnuvetoInlsenaunialu package UAcil

1. Coordinate HNUYANAA

. . o o S L .
2. LinearEquation UNUTNUNIT MU TULAaZ AUV characteristic function

Coordinate

-x: double
-y: double

+Coordinate()

+Coordinate(x: double, y: double)
+getX() : double

+setX(x: double)

+getY() : double

+setY(x: double)

a) class diagram Gllmfgﬂﬁﬁ/ﬂ

LinearEquation

-c: double
-slope: double

+LinearEquation()

+LinearEquation(x: double, y: double)
+getSlope() : double

+setSlope(x: double)

+getC() : double

+setC(x: double)

+isMet(linear: LinearEquation) : Boolean
+isMet(linear: LinearEquation, shoulder:
FuzzyShoulder, triangle: FuzzyTriangle) : Boolean
+isMet(linear: LinearEquation, triangle:
FuzzyTriangle, trape: FuzzyTrapezoidal) : Boolean
+isMet(linear: LinearEquation, trape:
FuzzyTrapezoidal, shoulder: FuzzyShoulder) : Boolean
+getY(x: double) : double

+getX(y: double) : double
+getCommonCoordinate(linear: LinearEquation) :
Coordinate

b) class diagram VOIEUMTIHAUFY

MUsznouf 4.4 Class diagram U84 package fxi.fuzzy.common
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4.1.3 dAI0aNe T IMTUMIAMUIN fxi.fuzzy.compatibility.util

{ ' < 4 o [
Class 1© g Tu package fxi.fuzzy.compatibility.util 9 wWunSeslodmiunis
Y

il
° ' Y o Y = Y o A wv dy A [
ﬂ'lu’Jﬂ!ﬂ1ﬂ']'llllelﬂﬂuvlﬂ€U’0\1ﬁ’0\1 fuzzy set “B\Tﬂﬁgﬂﬂﬂﬂjﬂﬂ'ﬁﬂT‘l‘!?mi}ﬂW ANUNYOUNVLLAS
o dy A v o d'dy o Y Ad v o a o
NITIATUIUVUVHIAUBDINUNEDUNY GLH‘VI‘L! class AreaCalculator 3¢ MHUUINUUAINUIUIANNA

,:e

X Ay o Yy o o4 . - A dy
vosnuNFounuuaz lvinaawsiiu IntersectionArea Object FUNUAMNUVOINUNTDU

v Y
FEHINADY fuzzy set NMNYTLNOUN 4.5 11FAN class diagram VDI package I

AreaCalculator

-commonCoordinate: ArrayList<Coordinate>
-intersectionArea: IntersectionArea

+AreaCalculator()

+getintersectionArea(triangleA: FuzzyTriangle, triangleB: FuzzyTriangle) : IntersectionArea
+getintersectionArea(triangle: FuzzyTriangle, trape: FuzzyTrapezoidal) : IntersectionArea
+getintersectionArea(triangle: FuzzyTriangle, shoulder: FuzzyShoulder) : IntersectionArea
+getintersectionArea(triangle: FuzzyTriangle, interval: Fuzzylnterval) : IntersectionArea
+getintersectionArea(trapeA: FuzzyTrapezoidal, trapeB: FuzzyTrapezoidal) : IntersectionArea
+getintersectionArea(trape: FuzzyTrapezoidal, shoulder: FuzzyShoulder) : IntersectionArea
+getintersectionArea(trape: FuzzyTrapezoidal, interval: Fuzzyinterval) : IntersectionArea
+getlntersectionArea(shoulderA: FuzzyShoulder, shoulderB: FuzzyShoulder) : IntersectionArea
+getintersectionArea(shoulder: FuzzyShoulder, interval: Fuzzylnterval) : IntersectionArea
+getintersectionArea(intervalA: Fuzzyinterval, intervalB: Fuzzylnterval) : IntersectionArea
+calculatePolygonArea(co: ArrayList<Coordinate>) : double

-getintersectionArea(Boolean isHas) : IntersectionArea

-addCoordinate(coordinate: Coordinate)

-isCoordinateExist(Coordinate co) : Boolean

IntersectionArea

-commonCoordinate: ArrayList<Coordinate>
-area: double

+IntersectionArea(commonCoordinate:
ArrayList<Coordinate>, area: double)
+getCommonCoordinate() : ArrayList<Coordinate>
+getArea() : double

mnlsznouii 4.5 Class diagram U984 package fxi.fuzzy.compatibility.util
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eI UMI MUY ] 159zA0amnua fuzzy set NzihwmuranInumny

] Y 1
lauaznatjuEumsmuin (CALCULATE) 91n1iuszuDazii fuzzy set N 1M muaua3ig

I . ' @ A o dy Ay @ o AN Y o
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2. Anveansulseumen LTR(A) uaz LTR(B)
3. Mo silIeumnen RTL(A) uag RTL(B)

Y
4. PNV fuzzy set NITAD

Lo X Teter == jpen

Modules

Manual Ordering Calculation

0s
VIEW
04
03
LOF: 14 82
MAX 16 i
»
ROF: 18 120 130 140 150 160 170 180
LTR [ sawlR | RIL [ SawerTL SAVE INAGE
VIEW
., | 10 -
MODE: LINED (x| |02 ¢ 0 \
08 7 08 Y
o / ok '
CALCULATE 0s / 05 5
04 / 04 5
|03 ; 03 §
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Modules

Automatic cases generator
TYPE: CASES: NAME: CANCEL |
MIN: MAX: ADD |

SRC DsT

TRIANGLE TRIANGLE

TRIANGLE TRAPEZOIDAL

TRIANGLE SHOULDER(FAST CARS)

TRIANGLE SHOULDER(SHORT BUILDING)

TRIANGLE INTERVAL

TRIANGLE CRISP VALUE

TRAPEZOIDAL TRIANGLE

TRAPEZOIDAL TRAPEZOIDAL

TRAPEZOIDAL SHOULDER(FAST CARS)

TRAPEZOIDAL SHOULDER(SHORT BUILDING)

TRAPEZOIDAL INTERVAL

TRAPEZOIDAL CRISP VALUE

SHOULDER(FAST CARS) TRIANGLE

SHOULDER(FAST CARS) TRAPEZOIDAL

SHOULDER(FAST CARS) SHOULDER(FAST CARS)

SHOULDER(FAST CARS) SHOULDER(SHORT BUILDING)

SHOULDER(FAST CARS) INTERVAL

SHOULDER(FAST CARS) CRISP VALUE

SHOULDER(SHORT BUILDING) TRIANGLE

SHOULDER(SHORT BUILDING) TRAPEZOIDAL

SHOULDER(SHORT BUILDING) SHOULDER(FAST CARS)

SHOULDER(SHORT BUILDING) SHOULDER(SHORT BUILDING) v
SRC:

GENERATE

osT:

~ o ] 1 a 1 9 Jd o 9 9 v a
ﬂ1W1J§$ﬂf‘)“lJ7| 4.10 ﬁﬁﬂﬂﬁﬁﬁﬂu@ﬂ@ﬂZﬁ%ﬂl@ﬂﬂﬂﬂWUﬂ15351Q5§ﬂmﬂHaﬂﬂﬁﬂﬂllﬂU@@IHN@]



root

testdoc

/\
collection 1 collection 2 collection n
/\
compareCase 1 compareCase 2 compareCase n
fuzzyPair
/\
fuzzyNumber A fuzzyNumber B

mwilsgnou 4.11 unugiidu lifvewends XML Alfiufindoya
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<?xml version="1.0"?>
<root>
<testdoc name="test" type="RANDOM" created date = "24/5/2558, 23:57 U.">
<collection id="1" src="TRIANGLE" dst="TRIANGLE">
<compareCase id="1" compatibility="0.20000000000000018" ordering="0.0">
<fuzzyPair>
<fuzzyNumber type="TRIANGLE" leftOffset="13.0" maximum="15.0" rightOffset="17.0">
</fuzzyNumber>
<fuzzyNumber type="TRIANGLE" leftOffset="11.0" maximum="12.0" rightOffset="15.0">
</fuzzyNumber>
</fuzzyPair>
</compareCase>
<compareCase id="2" compatibility="1.0" ordering="0.5">
<fuzzyPair>
<fuzzyNumber type="TRIANGLE" leftOffset="17.0" maximum="18.0" rightOffset="19.0">
</fuzzyNumber>
<fuzzyNumber type="TRIANGLE" leftOffset="15.0" maximum="18.0" rightOffset="19.0">
</fuzzyNumber>
</fuzzyPair>
</compareCase>
</collection>
</testdoc>

</root>

v

a o "y A =
ﬂTW'llﬁgﬂ@U“n 4.12 @]’J@ﬂ’]ﬂﬂl@y)aﬂﬂﬁ@ﬂﬂ u‘VIﬂiuL@ﬂﬁTﬁ XML
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Tuduvesmsudaswanadon flyszdosiuaonals XML Ndean1snu

Y
ﬁu%’ayja wmmﬂumzumzﬁ’uﬁu%’ayjamm@ﬂmsmﬂanuazuﬁmwamammum

A o

d' ) A 2
ﬂ1Wﬂ§$ﬂ@Uﬂ 4.13 m@uyawaﬂ15ﬂﬂﬁﬂﬂﬂllﬁﬂquﬂqu

1. ensauaaamsufseueuveaunay characteristic function

2. MINuEaIteyaNIMIUINEesUsIMTITouIfouTEHIN characteristic function L@

aza

U

3. MWV fuzzy set

4. anveaMsnlseumen LTR(A) uaz LTR(B)

5. mmveeamsilseumnen RTL(A) uag RTL(B)

6. @uuaaINamsmuIamANNIIN IdlazAIMIAdUveIEeq fuzzy set

| | F0 Tester

E=8) B =
Modules
Testing view
SRC FILE: UsersQueryiD) pitest xmil TYPE & DATE: R LOAD
(1) (2)
SRC | DST | SRC | DST | COMPATIBILITY | ORDERING
A [15.0,16.0,18.0] [14.0,17.0,19.0] 0.9 05
TRIANGLE TRAPEZOIDAL [12.0,18.0,19.0] [14.0,17.0,19.0] 0.685 0
TRIANGLE SHOULDER(FAST CA [14.0,17.0,18.0] [16.0,17.0,19.0] 0.5 1
TRIANGLE SHOULDER(SHORT ... 11.0,18.0,19.0 [15.0,16.0,18.0] 0
TRIANGLE INTERVAL [15.0,18.0,19.0] [15.0,17.0,18.0] 0.562 0
TRIANGLE CRISP VALUE [11.0,16.0,17.0] [16.0,18.0,19.0] 0.056 il
TRAPEZOIDAL TRIANGLE [13.0,16.0,19.0] [10.0,11.0,14.0] 0.028 0
TRAPEZOIDAL TRAPEZOIDAL [10.0,15.0,19.0] [13.0,15.0,16.0] 0333 05
TRAPEZOIDAL SHOULDER(FAST CA [15.0,18.0,19.0] [16.0,17.0,18.0] 0.437 0
TRAPEZOIDAL SHOULDER(SHORT ... [15.0,17.0,18.0] [16.0,18.0,19.0] @ 0.444 il
TRAPEZOIDAL INTERVAI [v
4.0 P(ASB):  1.3888838888338893
1.0
09 0.3472222222222223 ORDER: 00
08
= 10
o7 @ 09 |
05 03
07 @ \
0.5 08 i
0.5 1
0% 04 \
03 f 03
' 02 4
0.2 0.1
!
0.1 Yo [a'e s
[ O] LR RTL

d' @ ] 1 a 1 9 d v Y A 9 [ A
muszneun 4.13 m@fmﬁ’aummﬁﬂwmﬁm%ummmumauyama@mmuwium
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4.3 ManaaavlszansMnvesvuneuIs

] Y g’; an A k) YA v =K o
LW’fJ“I/Iﬂﬁ’fJ‘Uﬂ’JHJQﬂﬂ@ﬁﬂl@ﬁﬂluﬂ’OU’J‘ﬁﬂllﬂf)’e)ﬂL!.‘]J“]J HIVYIINMNIINATDOU

Y
v A

Y
ANUYNADIVDITUABUIDAIOYATOYANATOL 2 AU AIll

U A a v o 9 = =
" gyui 1 minadeu lagnnsananyauzdsziives fuzzy set l¥nsainaeaey 654 NI

1 d' [ LV 9 = =
" gui 2 MInadouLuUon luia Iensanagey 720 Nyl

Y
[ Y

Y1 o ) ¥ 2
mmz"lmwmmumayamﬁammmﬁu 1,374 ﬂifﬁl

4.3.1 msnagevlasfiolsananbasza1ved fuzzy set
Y
MsnagautIzMruansanagol IagNsaanyuedszi1ve fuzzy set 1A
azlsznn 1y MsTeUNeUTEHIN Triangular fuzzy number A 118 Triangular fuzzy number
= 9 = = = =<
B lumsoonuuunstinaaouszanda1ilanaanyasye3laumasusaausonsnng

a 9 ¥ [
Wi]'lﬁm'lhl@‘]ﬂ\?ﬁllﬂ 27 ﬂiﬂd\lﬂﬁg’niﬂl 4.1

M99 4.1 NTANATOVYDINITITIVIL 1IN Triangular fuzzy number A Uag Triangular fuzzy

number B

= % [ dd‘
mafBeuneuvesansaz sz NIUN

LeftOffset, < LeftOffset, | Maximum, < Maximumg | RightOffset, < RightOffset, 1

RightOffset, = RightOffset, 2

RightOffset, > RightOffset, 3

Maximum, = Maximum, | RightOffset, < RightOffset, 4

RightOffset, = RightOffset, 5

RightOffset, > RightOffset, 6

Maximum, > Maximum; | RightOffset, < RightOffset, 7

RightOffset, = RightOffset, 8

RightOffset, > RightOffset, 9
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M1919 4.1 NFANATOVVOINMTYTOUTLHIN Triangular fuzzy number A i8¢ Triangular fuzzy

number B (GI' 9)

=S > o dtd'
msfSeuiguvesanyazilsz 50N

LeftOffset, = LeftOffset, | Maximum, < Maximum, | RightOffset, <RightOffset, 10

RightOffset, = RightOffset, 11

RightOffset, > RightOffset, 12

LeftOffset, = LeftOffset, | Maximum, = Maximum, | RightOffset, < RightOffset, 13

RightOffset, = RightOffset, 14

RightOffset, > RightOffset, 15

Maximum, > Maximum, | RightOffset, < RightOffset, 16

RightOffset, = RightOffset, | 17

RightOffset, > RightOffset, | 18

LeftOffset, > LeftOffset, | Maximum, < Maximum, | RightOffset, <RightOffset, 19

RightOffset, = RightOffset, | 20

RightOffset, > RightOffset, 21

Maximum, = Maximum;, | RightOffset, < RightOffset, 22

RightOffset, = RightOffset, 23

RightOffset, > RightOffset, 24

Maximum, > Maximum, | RightOffset, <RightOffset, 25

RightOffset, = RightOffset, | 26

RightOffset, > RightOffset, | 27

#195un151UT VAo VL1319 characteristic function Y3EtANDY 9 2
oA = o 2 o = ' = ' L.
gunumafseuneuluanyaz@ernudslunnaznslSeuNeuI L4219 characteristic
function L UIUIUATANATOUNUANANAUANINUIUANHAULUTLIVDIUAAY characteristic

function

9
Tugadoyanagovtaziinmsnfiouiion characteristic function Tunngiuny
g Yo ' o = [ A o A a
ndul1d51m9u 25 g SrwrunstinaaeuTINNIMNA 654 NTAAINITN 4.2 azilionrsan

9 9
HANINATOUNY 654 NT B wuamﬂﬁhmwm
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Fuzzy number A Fuzzy number B i‘immyﬂ%gamaau
Triangular fuzzy number Triangular fuzzy number 27
Triangular fuzzy number Trapezoidal fuzzy number 45
Triangular fuzzy number Fuzzy shoulder 36
Triangular fuzzy number Interval 45
Triangular fuzzy number Crisp value 9
Trapezoidal fuzzy number Triangular fuzzy number 81
Trapezoidal fuzzy number Trapezoidal fuzzy number 81
Trapezoidal fuzzy number Fuzzy shoulder 18
Trapezoidal fuzzy number Interval 81
Trapezoidal fuzzy number Crisp value 9
Fuzzy shoulder Triangular fuzzy number 18
Fuzzy shoulder Trapezoidal fuzzy number 90
Fuzzy shoulder Fuzzy shoulder 18
Fuzzy shoulder Interval 18
Fuzzy shoulder Crisp value 6
Interval Triangular fuzzy number 9
Interval Trapezoidal fuzzy number 9
Interval Fuzzy shoulder 6
Interval Interval 9
Interval Crisp value 9
Crisp value Triangular fuzzy number 7
Crisp value Trapezoidal fuzzy number 7
Crisp value Fuzzy shoulder 6
Crisp value Interval 7
Crisp value Crisp value 3

654
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A Y9 a Yo o =R 7 o
e lideyanadoniianurainrais gisedeldilensunisnageunyy
H Y
o TudavesTdsunsui Idiuane 13uihde 4.2.2 Tumsaddeyanadondmsunanms

o 1 Y o 9 1 o o o YA = .. .
muramanuiru lauazaimsaiau TaomvualiinsnfSeuiey characteristic function

Yy

9

Tunagdupvidiull1dT o 36 gaaanane 43

M1 4.3 MINAADUTIMITUNN 9 characteristic function TUMINATDUUVLDN 1UIA

Fuzzy number A

Fuzzy number B

Triangular fuzzy number

Triangular fuzzy number

Triangular fuzzy number

Trapezoidal fuzzy number

Triangular fuzzy number Left shoulder
Triangular fuzzy number Right shoulder
Triangular fuzzy number Interval

Triangular fuzzy number

Crisp value

Trapezoidal fuzzy number

Triangular fuzzy number

Trapezoidal fuzzy number

Trapezoidal fuzzy number

Trapezoidal fuzzy number Left shoulder
Trapezoidal fuzzy number Right shoulder
Trapezoidal fuzzy number Interval

Trapezoidal fuzzy number

Crisp value

Left shoulder Triangular fuzzy number
Left shoulder Trapezoidal fuzzy number
Left shoulder Left shoulder

Left shoulder Right shoulder

Left shoulder Interval

Left shoulder Crisp value

Right shoulder Triangular fuzzy number
Right shoulder Trapezoidal fuzzy number
Right shoulder Left shoulder

Right shoulder Right shoulder
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1319 4.3 mimﬁauﬁm%’unﬂ €] characteristic function lumsnageunvuuen Tuia (Gi@)

Fuzzy number A Fuzzy number B
Right shoulder Interval
Right shoulder Crisp value
Interval Triangular fuzzy number
Interval Trapezoidal fuzzy number
Interval Left shoulder
Interval Right shoulder
Interval Interval
Interval Crisp value
Crisp value Triangular fuzzy number
Crisp value Trapezoidal fuzzy number
Crisp value Left shoulder
Crisp value Right shoulder
Crisp value Interval
Crisp value Crisp value

9 9
Iﬂﬂiuu@a$ﬂﬂ']i‘ﬂﬂﬁ’ﬂﬂﬂgﬁﬂigﬂaﬂﬁjgﬂﬂimﬂﬂaaﬂﬂ@ﬂ 10 DT NIUNIT
] I 1 A o 1 Y o 9 o 1 o w =< 1
ﬂﬂﬁ@ﬂllﬂ\?@@ﬂlﬂu 2 4IUAD ﬂ']iﬂ']ugmﬂ']ﬂ')']lllsl]’]ﬂullﬂua$ﬂ']iﬂ']U'Jmﬂ']ﬂ'ﬁa']ﬂU G]qulull@

Y 9
' =) o [ 1 o a [ <
a$ﬁ3uﬂ3Nﬂiiﬁﬂ@ﬁ@Uﬂ1u3u 360 ﬂ’ifil ﬂ\?ﬂﬂﬂ3511@91}3']Fl]’IU'JUﬂimﬂ@ﬁ@Ui')Nﬂqwuﬂlﬂu 720

]
= [

Y
o o ' I
ntl Tuhiidiseldmvuavouuaues fuzzy set Tasivualial min 1oz max 1iu 10 wag 20

AN

iesnndiseliaunsmimananageuanua 720 nsdiuuaadld See
HAARYNZSID 61N MINATDUT BT LI 19714 4.4 HAAITIDE1AHANITNAA DY
TuaouIMI AR 1d 1aza1319 4.5 LAAIEIDIINAMINATD LT UADUTT
vasmamuammsdigy Taslunanaaou doNnsannamsnageung 720 nTa wuh

vy &
ANADINIHUA

U
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No. Fuzzy number A P(A) Fuzzy number B P(ANB) CA,B Image
Attr. Val. Attr. Val.
1 Triangular PAS Triangular 22222 0.8899
L-OF 13 L-OF 11
MAX 16 MAX 18 " s | X
o8 I
R-OF 18 R-OF 19 08 3G b
07 4 !
05 /- .
0s \
04 e |
03 /// \\
02 ; 1
01 4 v
1
W0 120 130 40 150 160 10 ls0 Iso
2 Triangular 2.5 Trapezoidal 1.125 0.45
L-OF 11 L-OF 13
MAX 15 L-MAX 16 10
R-OF 16 R-MAX 17 08
07
R-OF 19 08
0s
04
03
02
0
L0 120 130 W0 150 160 170 120 1sn
3 Triangular 2 Left shoulder 0.25 0.125
L-OF 13 MAX 10
B
MAX 16 ZERO 15 .
R-OF 17 o I \
- |
o \
4 Triangular 2.5 Right shoulder 1.553 0.6212
L-OF 12 ZERO 11
A B
MAX 15 MAX 20 » -
R-OF 17 . VAN
5 Triangular 2.5 Interval 0.5 0.2
L-OF 12 L-MAX 11
MAX 16 R-MAX 14 B A
P
| I
R-OF 17 oo |
08 I
I
07 i I
|
vl ;
04 ! |
03 : |
|
wl |
| |




Y
1919 4.4 mmmwamsmﬁ@mumu"?%msﬁmammmmﬁmu"lﬁ' (99)
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No. Fuzzy number A P(A) Fuzzy number B P(ANB) CA,B Image
Attr. Val. Attr. Val.
6 Triangular 35 Crisp value 0.3333
L-OF 10 X 12
MAX 16 Y 0.78 o A
R-OF 17 o B
oz [
07
0g
0s
04
03
0z
01
100 110 120 130 140 1580 180 170
7 Triangular 1.5 Trapezoidal 0 0
L-OF 10 L-OF 14
MAX 11 L-MAX 17 " j} Bl
o I\ ’ [
R-OF 13 R-MAX 18 " IR )/ |
e ! \ K !
R-OF 19 o Foy ‘; |
A ‘
04 { \ . L
/ \ I v
o { \ , \
o2 | i) N \
o { \ ; i
! A ‘ y
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No. Fuzzy number A Fuzzy number B Result Image
Attr. Val. Attr. Val.
1 Triangular Triangular 1
L-OF 13 L-OF 15
MAX 14 | MAX 17 i, A
R-OF 16 R-OF 18 5
0.8
o7
08 i
05 !
4 |
04 + \
03 ! 1
0.2 /
04 / \‘
13.0 14.0 16.0 16.0 18.0
Triangular Triangular 0.5
L-OF 16 L-OF 13
MAX 17 MAX 18 10
0.8
R-OF 18 R-OF 19 o8
07
0.6
0s
0.4
0.3
0.2
0.1
130 140 150 180 180 190
Triangular Triangular
L-OF 12 L-OF 10
B A
MAX 18 MAX 13 N ' \
R-OF 19 | ROF 14 " \
. A
i P
4 Triangular Trapezoidal
L-OF 12 L-OF 14
MAX 14 L-MAX 16
A B
R-OF 18 R-MAX 18 " I
09 |
R-OF 19 0 v
ar / v
6 / ‘,
0% ,” L |
/ \ 1
04 I S 1
03 ’F’ 1
02 ‘.” |
0.1 JJJ .‘.‘ '\‘
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No. Fuzzy number A Fuzzy number B Result Image
Attr. Val. Attr. Val.
5 Triangular Trapezoidal 0.5
L-OF 16 L-OF 14
MAX 17 L-MAX 17
R-OF 19 R-MAX 18 10
08
R-OF 19
08
07
0.6
0.8
04
03
02
a1
140 15.0 16.0 17.0 18.0 10.0
6 Triangular Trapezoidal 0
L-OF 17 L-OF 11
MAX 18 L-MAX 12
R B A
R-OF 19 R-MAX 14 [ A
as i /
R-OF 19 or ! { ‘.‘
us i | \
0s ! ! \
Sl o
0z ! fx \
o1 k [
, { A
7 Triangular Left shoulder 0
L-OF 15 MAX 14
MAX 17 ZERO 16
B A
R-OF 18 ! ) A
08 \ Al
o v iy
:5 \ / \"
o i, \
03 ', ‘.‘
o \ \
o [ \
8 Triangular Left shoulder 0.5
L-OF 12 MAX 17
MAX 15 ZERO 18
1.0
R-OF 18 oe
0.8
07
0.6
0.5
04
0.3
0.2
0.1
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No. Fuzzy number A Fuzzy number B Result Image
Attr. Val. Attr. Val.
9 Triangular Right shoulder 1
L-OF 10 ZERO 10
A B
MAX 18 MAX 20 |
R-OF 19 \ }
| i
| I
| |
10 Triangular Right shoulder 0.5
L-OF 16 ZERO 15
MAX 18 MAX 20 N A B
R-OF 19 - ' |
11 Triangular Interval 1
L-OF 13 L-MAX 17
MAX 16 R-MAX 18 . 1\4 B
/ ]
R-OF 18 o /A !
oe / \ 1
07 / ‘\ 1
[ / \ |
/ Y |
L / i) |
[ /,/ \ :
03 / A 1
/ 4
02 / \ I
. Al
/ Yy
130 10 150 180 70 180
12 Triangular Interval 0.5
L-OF 10 L-MAX 13
A B
MAX 14 R-MAX 19 Z
R-OF 19 ol
13 Triangular Interval 0
L-OF 13 L-MAX 16
MAX 18 R-MAX 18 o
0.8
R-OF 19
0.8
07
0.6
0.5
0.4
0.3

02

01




55

Y
M3 4.5 A28 1INANITNATOLUUADUITYDINITAIUIUAINITAIAY (919)

No. Fuzzy number A Fuzzy number B Result Image
Attr. Val. Attr. Val.
14 Triangular Crisp value 0
L-OF 17 X 15
MAX 18 Y 0.595 w0 | !‘A
R-OF 19 . / \\
o B [
as (BN
[
I
‘ / ‘.‘
. /
/
: [
| \
00 e 0 B0 e 5o 180 10 1
15 Triangular Crisp value 0.5
L-OF 14 X 15
MAX 18 % 0.819 A A
0s | B / \
R-OF 19 o | ya
as 1
o \
a3 |
02 !
o e we w0 we s
16 Triangular Crisp value 1
L-OF 10 X 18
MAX 12 Y 0.143 ol A R
\
R-OF 15 o | /A
or | /
08 ‘ \
o Y AR
” ‘-‘"l B
0z i
o1 / ;
100 10 120 10 U0 190 W0 10 180 180 200

1 V= o AW Yo 1 g At
Tuunae laznandamaii Tdsunsun ldwannayuauaiuaouds lunism
1 [ o o o [ v < [
AR u lAuazMIaIAuYeIaDd fuzzy set 11152gna 190U Fuzzy XQuery Fuiluaiu

nilaluaudde A Fuzzy XML Database System [19]
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d60) Y o
mM31szgnAln Fuzzy XQuery

Tuaudse [19] Tatimsverenazdsunlasuinauise [8] Tasyiinsud v
A a 4 Y o = Yo o . ~
[NAN 1810581999011 Fuzzy XQuery 19509500155 0n 198 109N19 fuzzy logic 0
3 { 4 1 { )
wa1nua1wnUu Mndseneud 5.1 uaae eI sl U@ IUVeN Fuzzy XQuery Niinauely
ao ddy o A g
U398 A Fuzzy XML Database System [19] Tuiii dauilsindlu fuzzy set azgnilsemeniglu
IASOINNIY "H 1HU Hri (a, b, c)# VTHUUIUD Triangular fuzzy number Faldnvazizi
LefiOffset WNU a  an¥auzl3ed1 Maximum 19100 b 1oz anyueilsedn RightOffser 1101 ¢

o W g’; asy o 1 Y o 9 1 o w o 70 ¥
ANNa[IAL TQEJGU‘L!@]E]1!’J‘ﬁﬂﬁf’ﬂu’JiuﬂTf’nnJL‘lJ1f‘l‘lllul,ﬂL!a8ﬂ1f‘lTiQTQUﬁTNﬁﬂuTqﬂﬂizﬁgﬂ@ﬂ‘b’

Lﬁam’mwu"hﬁnﬂmi “GeneralComp :: ‘=" | “I="| ‘< | ‘<=7 | > | >=""7
WhereClause . ‘where’ ExprSingle( ThresholdExpr )?
ExprSingle ;2 OrExpr
ThresholdExpr :: ‘threshold’ DegreeLiteral
OrExpr . AndExpr ( ‘or’ AndExpr )*
AndExpr :: ComparisonExpr ( ‘and” ComparisonExpr )*
ComparisonExpr ::  ValueExpr( ( GeneralComp ) ValueExpr PriorityExpr )
ValueExpr :t FuzzyExpr
GeneralComp == = > =
FuzzyExpr o % “ling’ ‘C QNAME ) %
| “# “tri> “( leftoffset ¢,” max °,” rightoffset ¢)* ‘#°
| “# “trap” ‘( leftoffset ¢, leftmax °,” rightmax ¢, rightoffset ¢)* ‘#
| “# ‘interval’ ‘(" leftoffset ¢,” rightoffset ¢)* ‘#°
| “# fs” <( type “,” leftoffset “,” rightoffset ¢)* ‘#°
PriorityExpr 2 ‘priority’ DegreeLiteral

mnlszneun 5.1 1en3al U198 IMVBe Fuzzy XQuery [19]
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v
5.1 Tuneumsulamuaouon Fuzzy XQuery
2 o - o
VUADUMIULANTHIAOUD Y Fuzzy XQuery LAAIAILHUAINAINT TUNLUAA
Tunmilsznend 5.2 emdsaeuniwgnilowdigszuy nszuiuda lfensasivaeuaiu
o v o v o o o @
gnABUeIMIdIdoUn 1N minddedeuniuianugnaesainliensalszuuezihidids
ES o < o o {
govownu ldvimsutaddfiiuniy XQuery masgiunaziididsgounniudasudaly
X o o @ I a 1% ° o
AuAudoyanngudoyatsazgminnmuiuszauanuiuamn®n nasnnmuiuszay
< a Yy v A~ o < A o ) A o o
ANNAuEINFALAT VoyaundINUszAUANUIUANIFAEINIAT threshold NAIHUAL YN
Ay A Y} P} Aa o 3 A oA Voo
ponINWAaMIAUAUiae mmzdeyauninlszauanuiuduFnuinnnvieminuam

v & & I (%
threshold Minaagilunadwi gamevesmsauduvoya

o ! Y o Y ' o w a v dy I v &
miﬂmammmmLeumuhlml.az:mmiamﬂmmnﬂmﬂuﬁauﬂuﬂu
9

[ [ I a i
VUADUMIMUINTZAVANMUUTUIFN (Calculate fuzzy membership degree)

Fuzzy XQuery Execution

User System eXist DB

Input Fuzzy XQuery
statement

Check syntax validation

Transform Fuzzy XQuery
statement to standard
XQuery statement

Send standard XQuery
statment to retrieve data

Calculate fuzzy
membership degree

Check threshold
expression

Invalid

Sends error message

Retrieves data and returns
result sets

Has threshold expression

Remove unsatisfied
tuples
Display results in XML
format

No threshold expression

Phase

' v
mnlszaoui 5.2 unun AR UMIUUan 181 Fuzzy XQuery [19]
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5.2 YundUMIMIMIAUSTAUA NN UTINTD

[

o A 1 v Y 3’/ Aax o 1 9 9 !
mman”lﬂumme 323 Guuﬂ’aunmmm3mmmmmmmnﬂu"lmmzm

'
AA v

MISINVUBIADY fuzzy set 3zgnIFanuloszunasranumsnfieufiountiagndutiuns
] % v v o A I 1w [ Y

28191081 HIA 1Y fuzzy set pFIRWIUM TN "wiAY" (&) e "luwiAy" (=) sTuUeE
o 1 Y o 9 @ o a g}/ é 9 [ o 3 [ 3 a
Auramanudnu lavesdigndiiiunsniaessirg lanaansiuszauanuiluaunsn
TuAsANNUAIANTUMITEIAY (<, <=, =>,>) T2VVITINIAIUIVAINITAIAVVOIAIYN
o a g’; é Y 1Y J o d' 1 9 v 9 d'

Autumsniaesrarz Inasniaannaid lludrlusiade 3.2.2 awalszaeuh 5.3 uaaa

a o [ < a 9 1
LLW‘Llﬂ'I‘Wﬂﬁ]ﬂ553Jﬂ'l§ﬂ'I‘Ll’JiLl§$ﬂﬂﬂ31hlﬂuﬁh1%ﬂﬂlﬂﬁﬂ]@yjaLmﬁmlﬂﬁ]

Walk in fuzzy XQuery
tree

find WHERE clause node

Check type of child node

Conjunction: AND, OR: -Operators: =, 1=, <, <=, =>,>

Recursively calculate

fuzzy membership degree Walk in child node
Check type of fuzzy
constant node

Check type of data in
database

k.
Return mm risp valug
dyee ) ,,

Y

Check type of operator

= 1=
Calculate operands
compatibility

Check PRIORITY node

<, <=, =>,
Calculate operands
ordering

‘ No PRIORITY node

{ Has PRIORITY node

Aggregate obtained
values with priority
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lumsduAudoyanien1yi Fuzzy XQuery §1Famnsnmvuaiou lua1 o

luoyilsz Toa where 520 TDamsmnuam@antaaz szauanud Ay unanmsfIuIn
o I a ! o ' o v

szauANUIUANFALUY GPFCSP niliznoui 5.4 naasdlreswmidiaouniyluniu

Fuzzy XQuery

for $x in document("student.xml")
where
$x/GPA >2.75
and $x/age = #ling('young")# priority 0.6
and $x/height > #tri(100, 150, 200)# priority 0.3
threshold 0.5

return $x

Munszneui 5.4 Meeemdeaoun 1 un Iy Fuzzy XQuery
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2. umqag“lummm young il linguistic variable Tagimariaunudn ﬂJ!f]Ju 0.6

@

3. UANGI0Y UG Triangular fuzzy number (100, 150, 200) Taglard1auaud 1Ay

1191 0.3
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for $x in document("student.xml")
where $x/GPA >2.75

return $x

(3

a o & ) A oA . v
mwilsznaun 5.5 MdIaoUINVoyanaaa Uiy fuzzy logic 89nLIA7

U

<?xml version="1.0" encoding="UTF-8"7>
<students>

<student>
<name>John</name>
<GPA>3.5</GPA>
<age>25</age>
<height>170</height>

</student>

<student>
<name>Peter</name>
<GPA>3.0</GPA>
<age>21</age>
<height>165</height>

</student>

<student>
<name>Ana</name>
<GPA>2.5</GPA>
<age>22</age>
<height>180</height>

</student>

<student>
<name>Alex</name>
<GPA>2.8</GPA>
<age>20</age>
<height>tri(150,200,250)</height>

</student>

</students>

d' @ ] 9 4'
Mnszneui 5.6 mamwagaimaﬂms XML %9 student.xml
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<?xml version="1.0" encoding="UTF-8"?>
<students>

<student>
<name>John</name>
<GPA>3.5</GPA>
<age>25</age>
<height>170</height>

</student>

<student>
<name>Peter</name>
<GPA>3.0</GPA>
<age>21</age>
<height>165</height>

</student>

<student>
<name>Alex</name>
<GPA>2.8</GPA>
<age>20</age>
<height>tri(150,200,250)</height>

</student>

</students>

Y 9 <

a ) Ay A yw o o A
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o= Ty (Sp(Hgr 1 - p(R{),SP(/JRg, 1-p(R))) (5.1)
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Tuiiil pr AeszduaNuiiawe lodmTuouly $xiage = #ling('young )# ¥4l
1

A1 priority 117U 0.6 s ADTZAUANUNIWETIVETEN Y Sx/height > #1ri(100, 150, 200)#
2

2 A Lo Vo A = v ' AL
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[

Q d'
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< :
linguistic variable "young" il fuzzy set Y

H(x)

[
[
[
[
[
Young :
[
[
|
[
[
[

0 20 25 30

Age(years)

Mmnsznoud 5.8 anBULVDY linguistic variable "young"

(Z

4 { v o A < ~ o A @
Tueulvnaelidaduiiumsilu =" uazlidrgndutiunsaesnine Sx/age

(43

[

il Crisp value 110 #ling(young)# FuT fuzzy set dniuszIMIAIUIBAIAIL

@ uduaenis lutate 3.2.1.5 fegrasu Feyaunausnil Sxage iy 25 ifefngwn

amlsznond 5.8 wnudia x i 25 o ludrnvoaauMs MAUAIUYNVDY fuzzy set tazae

Mszauanuilumndnilu o feyauadfiaesiion sxage wdy 21 Fezdszauanuiu
a

a 1w { a1 1 o $ I
ANFUMNY -0.2(21) + 5 = 0.8 azdoyaunIn 3 a1 $x/age 1IMNY 20 Bz lszauanumilu

ATFAUNINY 1

4 H 1 o o A I (% o A .
TuReulynenuezwunardutiumsithu > uazliargaauiiuns #tri(100,
I & o Y o ° ' o 9y @ =
150, 200)# 11U fuzzy set 9z Idszuvihmsmurammsaauinlemszauanuinane 1
] I 1

wudoyaluaeunusmilumsnfFouiionszi1a Crisp value 1182 Triangular fuzzy number

= dy A 9 gz an =< 9 v Ay A I
lunsditiszvuazidenldiuneuds A021 ez lanadwsiilu 0.5 Tuvmzidoyaundn 3 15u

] ) % o I
M35f5euMeUILH I Triangular fuzzy number 52UV 1FTUABUAT AOT Faaz lamaeuiiu
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° [ o 1Y I a
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o 9 ~
Mdaapuntayalumnilszneun 5.4

[ =< J A 9 1
M3 N 5.1 mmquwaﬂlﬂmmamau”hmawm;ummamm

Student ”R{ ”R‘;
John 0 0.5
Peter 0.8 0.5
Alex 1 1

M519 5.2 szauanuiiane Ty Tagsauvesdeyalunmilszneun 5.7

Student a
John 0.25
Peter 0.73
Alex 1
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<?xml version="1.0" encoding="UTF-8"?>
<results>
<student>
<name>Peter</name>
<GPA>3.0</GPA>
<age>21</age>
<height>165</height>
<alpha>0.73</alpha>
</student>
<student>
<name>Alex</name>
<GPA>2.8</GPA>
<age>20</age>
<height>tri(150,200,250)</height>
<alpha>1.0</alpha>
</student>

</results>

A v o A Y g Yy o & ] =
Mmnilsznaun 5.9 Waawmlmmsamuma34“aﬂaﬂmmaaummayaiumwﬂszﬂmm 5.4

v a \ Y o -y A Yy v
5.3 ’LT’J‘Hﬂﬂﬂ@ﬁmﬂiﬁ1ﬁ§ﬂﬂﬁﬁﬂﬂuﬂlﬂﬂa

Y Y o ax = Yy 9 a o a & = o
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J v dy 9 o o 1 [ o & 9
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FULAAIHAMI AR

|/ FXI Tester

lodules
Query Testing

QUERY: for Sxin doc(

== s

udent2.xmi

@

7 Clear |

Results | XML Results | Calculation Log

here SYGPA= priority 0.3 threshold 0.6 return $x

CALCULATE

id | name

| heignt | alpha

001 John
002 Peter
003 Ana
004 Alex

(2)

35 19 170 10
30 21 55 07
25 22 180 0.7
1ri(150,200,250) 0.7

a) Haans lugtiuums

| £ FXI Tester

Modules
Query Testing

QUERY: for Sxin doc()

[E=EHE =

@

& Clear |

Results | XML Results | Calculation Log

miystu

where Sx/GPA = priority 0.3 threshold 0.8 return $x

CALCULATE

7 Clear |

<results>

<student=
<id=001<iid>
<name=John=iname=
<GPA®3.5</GPA
<age~19</age>
<height=170</height=
<alpha=1.0</alpha>
<istudent-

<student=
<id=002<fid>
<name>Peter<iname=
<GPA®3.0</GPA
<age=21</age>
<height-55<height
<alpha=0.7</alpha>
<istudent-

=2xml version="1.0" encoding="UTF-8" standalone="no"?> 5

@)

b) WadNs lugluuy XML

~ ' a Y A Y g ¥
ﬂ]Wﬂi%ﬂi’)Uﬂ 5.10 mumﬂm;ﬁ%ﬂlmmmmumay‘amamm Fuzzy XQuery
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n.1 Tunerdslumsannagannavesnundeuiu

: ) A v 3 L. 2 , v
11199103 uauIs ACT lduaadlidudrluunn 3 duiuludiutiszuans

Y] v
C% ad A

k4 [
JunouIsnas lumsmygannavesiuNFoun sz nI19a09 fuzzy set (AC2 — AC10)

[AC2] GetlntersectionArea (FuzzyTriangle A, FuzzyTrapezoidal B)

Start
Compare LeftOffseta and LeftOffsets
If LeftOffseta less or equals LeftOffsets
Compare Maximuma and LeftMaxs
If Maximuma less or equals LeftMaxg
Compare RightOffseta and RightOffsets
If RightOffseta greater than RightOffsets
Result is 0.5
Else
Result is 1
End if
Else
Compare Maximuma and RightMaxg
If Maximuma less or equals RightMaxg
Compare RightOffseta and RightOffsets
If RightOffseta greater than RightOffsets
Resultis 0
Else
Result is 0.5
End if
Else
Result is 0
End if
End if
Else
Compare Maximuma and LeftMaxg
If Maximuma less or equals LeftMaxg
Compare RightOffseta and RightOffsets
If RightOffseta greater than RightOffsets
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Result is 0
Else
Result is 0.5
End if
Else
Compare Maximuma and RightMaxg
If Maximuma less or equals RightMaxg
Compare RightOffseta and RightOffsets
If RightOffseta greater than RightOffsets
Resultis 0
Else
Result is 0.5
End if
Else
Resultis 0
End if
End if
End if
End

[AC3] GetlntersectionArea (FuzzyTriangle A, FuzzyShoulder B)

Start
Check Types
If Typeg is “SHORT BUILDING”
Compare LeftOffseta and ZeroPoints
If LeftOffseta not less than ZeroPointgs
There is no intersection area
Else
Store coordinate (LeftOffseta, 0)
Compare LeftOffseta and Maximuma
If LeftOffseta equals Maximuma
Let Cy < obtained y-value from LeftEdges while x-value equals LeftOffseta
Check Cy
If Y valued between 0 to 1
Store coordinate (LeftOffseta, Cy)
End if
End if
Find a coordinate of interception of LeftEdgea and LeftEdges
Find a coordinate of interception of LeftEdgea and RightEdges
Compare RightOffseta and Maximuma
If RightOffseta equals Maximuma
Let Cy < obtained y-value from RightEdgeg while x-value equals RightOffseta
Check Cy
If Y valued between 0 to 1
Store coordinate (RightOffseta, Cy)
End if
End if
Find a coordinate of interception of RightEdgea and LeftEdges
Find a coordinate of interception of RightEdgea and RightEdges
Compare RightOffseta and ZeroPointgs
If RightOffseta not less than ZeroPoints
Store coordinate (ZeroPointg, 0)
Else
Store coordinate (RightOffseta, 0)
End if
End if
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Else
/I Types is “FAST _CARS”
Compare RightOffseta and ZeroPointg
If RightOffseta not greater than ZeroPoints
There is no intersection area
Else
Compare LeftOffseta and ZeroPointg
If LeftOffseta not less than ZeroPointg
Store coordinate (LeftOffseta, 0)
Else
Store coordinate (ZeroPointg, 0)
End if
Compare LeftOffseta and Maximuma
If LeftOffseta equals Maximuma
Let Cy < obtained y-value from LeftEdges while x-value equals LeftOffseta
Check Cy
If Y valued between 0 to 1
Store coordinate (LeftOffseta, Cy)
End if
End if
Find a coordinate of interception of LeftEdgea and LeftEdges
Find a coordinate of interception of LeftEdgea and RightEdges
Compare RightOffseta and Maximuma
If RightOffseta equals Maximuma
Let C, < obtained y-value from RightEdges while x-value equals RightOffseta
Check Cy
If Y valued between 0 to 1
Store coordinate (RightOffseta, Cy)
End if
End if
Find a coordinate of interception of RightEdgea and LeftEdges
Find a coordinate of interception of RightEdgea and RightEdges
Store coordinate (RightOffseta, 0)
End if
End if
End

[AC4] GetlntersectionArea (FuzzyTriangle A, Fuzzylnterval B)

Start
Compare RightOffseta with LeftMaxg and LeftOffseta with RightMaxg
If there is intersection area
Compare LeftOffseta and LeftMaxa
If LeftOffseta not less than LeftMaxa
Store coordinate (LeftOffseta, 0)
Else
Store coordinate (LeftMaxa, 0)
End if
Find a coordinate of interception of LeftEdgea and LeftEdges
If Maximuma is valued between LeftMaxg and RightMaxg and LeftOffseta less than LeftMaxs
Let Cy < obtain y-value from LeftEdgea while x-value equals LeftMaxg
Store coordinate (LeftMaxg, Cy)
End if
Determine Maximuma
If Maximuma less than LeftMaxg
Let Cy € obtained y-value from RightEdgea while x-value equals LeftMaxg
Store coordinate (LeftMaxg, Cy)
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Else if Maximuma equals LeftMaxg
Store coordinate (LeftMaxg, 1)
If RightOffseta greater than RightMaxs
Let Cy < obtained y-value from RightEdgea while x-value equals RightMaxg
Store coordinate (RightMaxsg, Cy)
End if
Else if Maximuma equals RightMaxg
If LeftOffseta less than LeftMaxg
Let Cy € obtained y-value from LeftEdgea while x-value equals LeftMaxg
Store coordinate (LeftMaxg, Cy)
End if
Store coordinate (RightMaxg, 1)
Else if Maximuma greater than RightMaxg
Let C, < obtained y-value from LeftEdgea while x-value equals RightMaxg
Store coordinate (RightMaxg, Cy)
Else
Store coordinate (Maximuma, 1)
End if
If Maximuma is valued between LeftMaxg and RightMaxg and RightOffseta greater than
RightMaxs
Let C, < obtained y-value from RightEdgea while x-value equals RightMaxg
Store coordinate (RightMaxg, Cy)
End if
Compare RightOffseta and RightMaxg
If RightOffseta not greater than RightMaxs
Store coordinate (RightOffseta, 0)
Else
Store coordinate (RightMaxg, 0)
End if
End if
End

[AC5] GetlntersectionArea (FuzzyTrapezoidal A, FuzzyTrapezoidal B)

Start
Compare LeftOffset and RightOffset of two fuzzy sets
If there is intersection area
Compare LeftOffseta and LeftOffsets
If LeftOffseta not greater than LeftOffsets
Store coordinate (LeftOffseta, 0)
Else
Store coordinate (LeftOffsets, 0)
End if
Find a coordinate of interception of LeftEdgea and LeftEdges
If LeftMaxa is valued between LeftMaxg and RightMaxg
Store coordinate (LeftMaxa, 1)
End if
If LeftMaxg is valued between LeftMaxa and RightMaxa
Store coordinate (LeftMaxg, 1)
End if
If RightMaxa is valued between LeftMaxg and RightMaxg
Store coordinate (RightMaxa, 1)
End if
If RightMaxg is valued between LeftMaxa and RightMaxa
Store coordinate (RightMaxsg, 1)
End if
Find a coordinate of interception of LeftEdgea and RightEdges
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Find a coordinate of interception of RightEdgea and LeftEdges
Find a coordinate of interception of RightEdgea and RightEdges
Compare RightOffseta and RightOffsets
If RightOffseta not greater than RightOffsets
Store coordinate (RightOffseta, 0)
Else
Store coordinate (RightOffsetg, 0)
End if
End if
End

[AC6] GetlntersectionArea (FuzzyTrapezoidal A, FuzzyShoulder B)

Start
Determine Types
If Types is “FAST CARS”
Compare RightOffseta and ZeroPoints
If RightOffsetA not greater than ZeroPointB
There is no intersection area
Else
Compare LeftOffseta and ZeroPoints
If LeftOffseta not less than ZeroPointgs
Store coordinate (LeftOffseta, 0)
Else
Store coordinate (ZeroPointg, 0)
End if
Find a coordinate of interception of LeftEdgea and LeftEdges
Let Cx < obtained x-value from LeftEdgea while y-value equals 1
Compare Cy and Maximumg
If Cx equals or greater than Maximumg
Store coordinate (Cy, 1)
End if
Find a coordinate of interception of RightEdgea and LeftEdges
Let Cx < obtained x-value from LeftEdges while y-value equals 1
Determine Cy
If Cy is valued between LeftMaxa and RightMaxa
Store coordinate (Cy, 1)
End if
Let Cx < obtained x-value from RightEdges while y-value equals 1
Compare Cy and Maximumg
If Cx equals or greater than MaximumB
Store coordinate (Cy, 1)
End if
Store coordinate (RightOffseta, 0)
End if
Else
Compare LeftOffseta and ZeroPointg
If LeftOffseta equals or greater than ZeroPointg
There is no intersection area
Else
Store coordinate (LeftOffseta, 0)
Let Cx € obtained x-value from LeftEdgea while y-value equals 1
Compare Cy and Maximumsg
If Cx not greater than Maximumsg
Store coordinate (Cy, 1)
End if
Find a coordinate of interception of LeftEdgea and RightEdges
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Let Cx €< obtained x-value from RightEdges while y-value equals 1
Determine Cx
If Cy is valued between LeftMaxa and RightMaxg
Store coordinate (Cy, 1)
End if
Let Cyx < obtained x-value from RightEdgea while y-value equals 1
Compare Cy and Maximumg
If Cx equals or less than Maximumg
Store coordinate (Cy, 1)
End if
Find a coordinate of interception of RightEdgea and RightEdges
Compare RightOffseta and ZeroPoints
If RightOffsetA equals or less than ZeroPointg
Store coordinate (RightOffseta, 0)
Else
Store coordinate (ZeroPointg, 0)
End if
End if
End if
End

[ACT] GetlntersectionArea (FuzzyTrapezoidal A, Fuzzylnterval B)

Start
Compare RightOffseta with LeftMaxg and compare LeftOffseta with RightMaxg
If there is intersection area
Compare LeftOffseta and LeftMaxg
If LeftOffseta greater or equals LeftMaxs
Store coordinate (LeftOffseta, 0)
Else
Store coordinate (LeftMaxg, 0)
End if
Let Cy < obtained y-value from LeftEdgea while x-value equals LeftMaxg
If Cy is between O to 1
Store coordinate (LeftMaxg, Cy)
End if
Let Cx < obtained x-value from LeftEdgea while y-value equals 1
Determine Cy
If Cx is between LeftMaxg and RightMaxz
Store coordinate (Cy, 1)
End if
Determine LeftMaxg
If LeftMaxg is between LeftMaxa and RightMaxa
Store coordinate (LeftMaxg, 1)
End if
Determine RightMaxg
If RightMaxg is between LeftMaxa and RightMaxa
Store coordinate (RightMaxg, 1)
End if
Let Cy < obtained y-value from RightEdgea while x-value equals LeftMaxs
Determine Cy
If Cy is between 0 to 1
Store coordinate (LeftMaxg, Cy)
End if
Let Cx € obtained x-value from RightEdgea while y-value equals 1
If Cy is between 0 to 1
Store coordinate (Cy, 1)
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End if
Let Cy € obtained y-value from RightEdgea while x-value equals RightMaxg
If Cy is between 0 to 1
Store coordinate (RightMaxg, Cy)
End if
Compare RightOffseta and RightMaxg
If RightOffseta less or equals RightMaxg
Store coordinate (RightOffseta, 0)
Else
Store coordinate (RightMaxg, 0)
End if
End if
End

[AC8] GetlntersectionArea (FuzzyShoulder A, FuzzyShoulder B)

Start
Determine Typea
If Typea is “FAST CARS”
There is no intersection area
Else
Determine Types
If Types is “FAST _CARS”
Compare ZeroPointa and ZeroPointg
If ZeroPointa less or equals ZeroPointg
There is no intersection area
Else
Store coordinate (ZeroPointg, 0)
Determine Maximumsg
If Maximumg equals or greater than 0 and Maximumeg less or equals Maximuma
Store coordinate (Maximums, 0)
End if
Compare Maximuma and Maximumg
If Maximuma greater or equals Maximumg
Store coordinate (Maximuma, 1)
End if
Find a coordinate of interception of RightEdgea and LeftEdges
Store coordinate (ZeroPointa, 0)
End if
Else
Compare ZeroPointa with Maximumg and compare Maximuma and ZeroPointg
If there is intersection area
Store coordinate (0, 0)
Store coordinate (0, 1)
Compare Maximuma and Maximumsg
If Maximuma less or equals Maximumg
Store coordinate (Maximuma, 1)
Else
Store coordinate (Maximumg, 1)
End if
Find a coordinate of interception of RightEdgea and RightEdges
Compare ZeroPointaand ZeroPointg
If ZeroPointa less or equals ZeroPointg
Store coordinate (ZeroPointa, 0)
Else
Store coordinate (ZeroPointg, 0)
End if
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End if
End if
End if
End

[AC9] GetlntersectionArea (FuzzyShoulder A, FuzzylInterval B)

Start
Determine Typea
If Typea is “FAST CARS”
Compare RightMaxg and ZeroPointa
If RightMaxg less or equals ZeroPointa
There is no intersection area
Else
Compare LeftMaxg and ZeroPointa
If LeftMaxg greater or equals ZeroPointa
Store coordinate (LeftMaxsg, 0)
Else
Store coordinate (ZeroPointa, 0)
End if
Determine LeftMaxg
If LeftMaxg is between ZeroPointa and Maximuma
Let C, < obtained y-value from LeftEdgea while x-value equals LeftMaxs
Store coordinate (LeftMaxg, Cy)
End if
Compare LeftMaxs and Maximuma
If LeftMaxg greater or equals Maximuma
Store coordinate (LeftMaxg, 1)
End if
Determine Maximuma
If Maximuma is between LeftMaxg and RightMaxs
Store coordinate (Maximuma, 1)
End if
Compare RightMaxg and Maximuma
If RightMaxg greater or equals Maximuma
Store coordinate (RightMaxs, 1)
End if
Determine RightMaxg
If RightMaxz is between ZeroPointa and Maximuma
Let Cy €< obtained y-value from LeftEdgea while x-value equals RightMaxg
Store coordinate (RightMaxg, Cy)
End if
Store coordinate (RightMaxg, 0)
End if
Else
Compare LeftMaxg and ZeroPointa
If LeftMaxg greater or equals ZeroPointa
There is no intersection area
Else
Store coordinate (LeftMaxg, 0)
Compare LeftMaxg and Maximuma
If LeftMaxg less or equals Maximuma
Store coordinate (LeftMaxg, 1)
End if
Determine Maximuma
If Maximuma is between LeftMaxg and RightMaxs
Store coordinate (Maximuma, 1)
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End if

Determine LeftMaxg

If LeftMaxg is between Maximuma and ZeroPointa
Let Cy < obtained y-value from RightEdgea while x-value equals LeftMaxs
Store coordinate (LeftMaxB, Cy)

End if

Compare RightMaxg and Maximuma

If RightMaxg less or equals Maximuma
Store coordinate (RightMaxg, 1)

End if

Determine RightMaxg

If RightMaxg is between Maximuma and ZeroPointa
Let C, < obtained y-value from RightEdgea while x-value equals RightMaxs
Store coordinate (RightMaxg, Cy)

End if

Compare ZeroPointa and RightMaxg

If ZeroPointa less or equals RightMaxg
Store coordinate (ZeroPointa, 0)

Else
Store coordinate (RightMaxsg, 0)

End if

End if
End if
End

[AC10] GetlntersectionArea (Fuzzylnterval A, Fuzzylnterval B)

Start
Compare LeftMax and RightMax of two fuzzy sets
If there is intersection area
Store coordinate (LeftMaxmax, 0)
Store coordinate (LeftMaXmax, 1)
Store coordinate (RightMaXmin, 1)
Store coordinate (RightMaXmin, 0)
End if
End
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[AO2] IsLessThan (FuzzyTriangle A, FuzzyTrapezoidal B)

Start
Compare LeftOffseta and LeftOffsets
If LeftOffseta less or equals LeftOffsets
Compare Maximuma and LeftMaxg
If Maximuma less or equals LeftMaxg
Compare RightOffseta and RightOffsets
If RightOffseta greater than RightOffsets
Result is 0.5
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Else
Result is 1
End if
Else
Compare Maximuma and RightMaxg
If Maximuma less or equals RightMaxg
Compare RightOffseta and RightOffsets
If RightOffseta greater than RightOffsets
Resultis 0
Else
Result is 0.5
End if
Else
Resultis 0
End if
End if
Else
Compare Maximuma and LeftMaxg
If Maximuma less or equals LeftMaxs
Compare RightOffseta and RightOffsets
If RightOffseta greater than RightOffsets
Resultis 0
Else
Result is 0.5
End if
Else
Compare Maximuma and RightMaxg
If Maximuma less or equals RightMaxg
Compare RightOffseta and RightOffsets
If RightOffseta greater than RightOffsets
Resultis 0
Else
Result is 0.5
End if
Else
Resultis 0
End if
End if
End if
End

[AO3] IsLessThan (FuzzyTriangle A, FuzzyShoulder B)

Start
Determine Types
If Typeg is “FAST CARS”
Compare LeftOffseta and ZeroPointg
If LeftOffseta less or equals ZeroPointg
Compare Maximuma and Maximumg
If Maximuma less or equals Maximumg
Result is 1
Else
Result is 0.5
End if
Else
Result is 0.5
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End if
Else
Compare Maximuma and Maximumsg
If Maximuma less or equals Maximumg
Compare RightOffseta and ZeroPoints
If RightOffseta less or equals ZeroPointg
Result is 0.5
Else
Result is 0
End if
Else
Resultis 0
End if
End if
End

[AO4] IsLessThan (FuzzyTriangle A, FuzzylInterval B)

Start
Compare LeftOffseta and LeftOffsets
If LeftOffseta less or equals LeftOffsets
Compare Maximuma and LeftMaxg
If Maximuma less or equals LeftMaxg
Compare RightOffseta and RightMaxg
If Crignt less or equals 0
Result is 1
Else
Result is 0.5
End if
Else if Maximuma less or equals RightMaxg
Compare RightOffseta and RightMaxs
If RightOffseta less or equals RightMaxg
Result is 0.5
Else
Resultis 0
End if
Else
Resultis 0
End if
Else
Compare Maximuma and RightMaxg
If Maximuma less or equals RightMaxg
Compare RightOffseta and RightMaxz
If RightOffseta less or equals RightMaxg
Result is 0.5
Else
Resultis 0
End if
Else
Resultis 0
End if
End if
End




[AO5] IsLessThan (FuzzyTriangle A, FuzzyCrisp B)

Start
Compare LeftOffseta and Xg
If LeftOffseta less than Xg
Compare RightOffsets and Xg
If RightOffsets less than Xg
Resultis 1
Else
Result is 0.5
End if
Else
Result is 0
End if
End

[AOB6] IsLessThan (FuzzyTrapezoidal A, FuzzyTriangle B)

Start
Compare LeftOffseta and LeftOffsets
If LeftOffseta less than LeftOffsets
Compare LeftMaxa and Maximumg
If LeftMaxa less than Maximumg
Compare RightMaxa and Maximumg
If RightMaxa less or equals Maximumg
Compare RightOffseta and RightOffsets
If RightOffseta greater than RightOffsets
Result is 0.5
Else
Result is 1
End if
Else
Result is 0.5
End if
Else if LeftMaxa equals Maximumg
Compare RightMaxa and Maximumg
If RightMaxa less or equals Maximumg
Compare RightOffseta and RightOffsets
If RightOffseta equals RightOffsets
Result is 0.5
Else
Result is 1
End if
Else
Result is 0.5
End if
Else
Resultis 0
End if
Else if LeftOffseta equals LeftOffsets
Compare LeftMaxa, and Maximumg
If LeftMaxa less than Maximumg
Compare RightMaxa and Maximumeg
If RightMax, greater than Maximumg
Result is 0.5
Else
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Compare RightOffseta and RightOffsets
If RightOffseta greater than RightOffsets
Result is 0.5
Else
Result is 1
End if
End if
Else if LeftMaxa equals Maximumg
Result is 0.5
Else
Resultis 0
End if
Else
Compare LeftMaxa and Maximumg
If LeftMaxa less than Maximumg
Compare RightMaxa and Maximumg
If RightMaxa less or equals Maximumg
Compare RightOffseta and RightOffsets
If RightOffseta greater than RightOffsets
Resultis 0
Else
Result is 0.5
End if
Else
Resultis 0
End if
Else
Resultis 0
End if
End if
End

[AOT7] IsLessThan (FuzzyTrapezoidal A, FuzzyTrapezoidal B)

Start
Compare LeftOffseta and LeftOffsets
If LeftOffseta less than LeftOffsets
Compare LeftMaxa and LeftMaxg
If LeftMaxa less or equals LeftMaxs
Compare RightMaxa and RightMaxg
If RightMaxa less or equals RightMaxs
Compare RightOffseta and RightOffsets
If RightOffseta greater than RightOffsets
Result is 0.5
Else
Resultis 1
End if
Else
Result is 0.5
End if
Else
Compare RightMaxa and RightMaxg
If RightMaxa less or equals RightMaxs
Compare RightOffseta and RightOffsets
If RightOffseta greater than RightOffsets
Resultis 0
Else
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Result is 0.5
End if
Else
Resultis 0
End if
End if
Else if LeftOffseta equals LeftOffsets
Compare LeftMaxa and LeftMaxg
If LeftMaxa less or equals LeftMaxs
Compare RightMaxa and RightMaxg
If RightMaxa less or equals RightMaxs
Compare RightOffseta and RightOffsets
If RightOffseta greater than RightOffsets
Result is 0.5
Else
Result is 1
End if
Else
Result is 0.5
End if
Else if RightMaxa less or equals RightMaxg
Compare RightOffseta and RightOffsets
If RightOffseta greater than RightOffsets
Resultis 0
Else
Result is 0.5
End if
Else
Resultis 0
End if
Else
Compare RightMaxa and RightMaxs
If RightMaxa less or equals RightMaxg
Compare RightOffseta and RightOffsets
If RightOffseta greater than RightOffsets
Resultis 0
Else
Result is 0.5
End if
Else
Resultis 0
End if
End if
End

[AOS8] IsLessThan (FuzzyTrapezoidal A, FuzzyShoulder B)

Start
Determine Types
If Types is “FAST CARS”
Compare LeftOffseta and ZeroPoints
If LeftOffseta less or equals ZeroPointg
Compare LeftMaxa and Maximumg
If LeftMaxa less or equals Maximumg
Resultis 1
Else
Result is 0.5
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End if
Else
Result is 0.5
End if
Else
Compare RightMaxa and Maximumg
If RightMaxa less or equals Maximumg
Compare RightOffseta and ZeroPointg
If RightOffseta greater than ZeroPointg
Result is 0
Else
Result is 0.5
End if
Else
Resultis 0
End if
End if
End

[AQ9] IsLessThan (FuzzyTrapezoidal A, Fuzzylinterval B)

Start
Compare LeftOffseta and LeftMaxg
If LeftOffseta less than LeftMaxg
Compare LeftMaxa and LeftMaxg
If LeftMaxa less or equals LeftMaxs
Compare RightMaxa and RightMaxg
If RightMaxa less or equals RightMaxs
Compare RightOffseta and RightMaxg
If RightOffseta less or equals RightMaxg
Result is 1
Else
Result is 0.5
End if
Else
Result is 0.5
End if
Else if RightMaxa less or equals RightMaxg
Compare RightOffseta and RightMaxs
If RightOffseta less or equals RightMaxg
Result is 0.5
Else
Resultis 0
End if
Else
Result is 0
End if
Else if LeftOffseta equals LeftMaxg
Compare LeftMaxa and LeftMaxg
If LeftMaxa equals LeftMaxg
Compare RightMaxa and RightMaxg
If RightMaxa less or equals RightMaxs
Compare RightOffseta and RightMaxs
If RightOffseta less or equals RightMaxg
Result is 1
Else
Result is 0.5
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End if
Else
Result is 0.5
End if
Else if RightMaxa less or equals RightMaxg
Compare RightOffseta and RightMaxz
If RightOffseta less or equals RightMaxg
Result is 0.5
Else
Result is 0
End if
Else
Resultis 0
End if
Else if RightMaxa less or equals RightMaxg
Compare RightOffseta and RightMaxs
If RightOffseta less or equals RightMaxg
Result is 0.5
Else
Resultis 0
End if
Else
Resultis 0
End if
End

[AO10] IsLessThan (FuzzyTrapezoidal A, FuzzyCrisp B)

Start
Compare LeftOffseta and Xz
If LeftOffseta less than Xg
Compare RightOffseta and Xg
If RightOffseta less than Xz
Result is 1
Else
Result is 0.5
End if
Else
Result is 0
End if
End

[AO11] IsLessThan (FuzzyShoulder A, FuzzyTriangle B)

Start
Determine Typea
If Typeais “FAST CARS”
Compare ZeroPointa and LeftOffsets
If ZeroPointa less or equals LeftOffsets
Compare Maximuma and Maximumg
If Maximuma less or equals Maximumeg
Result is 0.5
Else
Result is 0
End if
Else
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Resultis 0
End if
Else
Compare Maximuma and Maximumsg
If Maximuma less or equals Maximumg
Compare ZeroPointa and RightOffsets
If ZeroPointa less or equals RightOffsets
Result is 1
Else
Result is 0.5
End if
Else
Result is 0.5
End if
End if
End

[AO12] IsLessThan (FuzzyShoulder A, FuzzyTrapezoidal B)

Start
Determine Typea
If Typea is “FAST CARS”
Let Ciet € Compare (ZeroPointa, LeftOffsets)
Compare ZeroPointa and LeftOffsets
If ZeroPointa less or equals LeftOffsets
Compare Maximuma and LeftMaxg
If Maximuma less or equals LeftMaxg
Result is 0.5
Else if Maximuma less or equals RightMaxg
Resultis 0
Else
Resultis 0
End if
Else if Maximuma less or equals RightMaxg
Resultis 0
Else
Resultis 0
End if
Else
Compare Maximuma and RightMaxg
If Maximuma less or equals RightMaxg
Compare ZeroPointa and RightOffsets
If ZeroPointa less or equals RightOffsets
Result is 1
Else
Result is 0.5
End if
Else
Result is 0.5
End if
End if
End
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[AO13] IsLessThan (FuzzyShoulder A, FuzzyShoulder B)

Start
Determine Typea
If Typea is “FAST_CARS”
Determine Types
If Typeg is “FAST_CARS”
Compare ZeroPointa and ZeroPoints
If ZeroPointa less or equals ZeroPoints
Compare Maximuma and Maximumsg
If Maximuma less or equals Maximumsg
Result is 1
Else
Result is 0.5
End if
Else
Result is 0.5
End if
Else
Resultis 0
End if
Else
Determine Types
If Types is “FAST CARS”
Result is 1
Else
Let Cright € Compare (ZeroPointa, ZeroPointg)
Compare Maximuma and Maximumsg
If Maximuma less or equals Maximumg
Compare ZeroPointa and ZeroPointg
If ZeroPointa less or equals ZeroPointg
Result is 1
Else
Result is 0.5
End if
Else
Result is 0.5
End if
End if
End if
End

[AO14] IsLessThan (FuzzyShoulder A, Fuzzylnterval B)

Start
Determine Typea
If Typea is “FAST CARS”
Compare ZeroPointa and LeftMaxs
If ZeroPointa less or equals LeftMaxg
Compare Maximuma and LeftMaxg
If Maximuma less or equals LeftMaxg
Result is 0.5
Else
Resultis 0
End if
Else
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Resultis 0
End if
Else
Compare Maximuma and RightMaxg
If Maximuma less or equals RightMaxg
Compare ZeroPointa and RightMaxg
If ZeroPointa less or equals RightMaxs
Resultis 1
Else
Resultis 0.5
End if
Else
Result is 0.5
End if
End if
End

[AO15] IsLessThan (FuzzyShoulder A, FuzzyCrisp B)

Start
Determine Typea
If Typea is “FAST _CARS”
Compare ZeroPointa and Xg
If ZeroPointa less than Xg
Result is 0.5
Else
Resultis 0
End if
Else
Compare ZeroPointa and Xz
If ZeroPointa less than Xg
Resultis 1
Else
Result is 0.5
End if
End

[AO16] IsLessThan (Fuzzylnterval A, FuzzyTriangle B)

Start
Compare LeftMaxa and LeftOffsets
If LeftMaxa less or equals LeftOffsets
Compare RightMaxa and RightOffsets
If RightMaxa less or equals RightOffsets
Resultis 1
Else
Result is 0.5
End if
Else if RightMaxa less or equals RightOffsets
Result is 0.5
Else
Resultis 0
End if
End
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[AO17] IsLessThan (FuzzylInterval A, FuzzyTrapezoidal B)

Start
Compare LeftMaxa and LeftOffsets
If LeftMaxa less or equals LeftOffsets
Compare RightMaxa and RightOffsets
If RightMaxa less or equals RightOffsets
Result is 1
Else
Result is 0.5
End if
Else if RightMaxa less or equals RightOffsets
Result is 0.5
Else
Resultis 0
End if
End

[AO18] IsLessThan (Fuzzylnterval A, FuzzyShoulder B)

Start
Determine Types
If Types is “FAST CARS”
Compare LeftMaxa and ZeroPointg
If LeftMaxa less or equals ZeroPointg
Result is 1
Else
Result is 0.5
End if
Else
Compare RightMaxa and Maximumg
If RightMaxa less or equals Maximumsg
Result is 0.5
Else
Resultis 0
End if
End

[AO19] IsLessThan (Fuzzylnterval A, FuzzylInterval B)

Start
Compare LeftMaxa and LeftMaxg
If LeftMaxa less or equals LeftMaxg
Compare RightMaxa and RightMaxg
If RightMaxa less or equals RightMaxs
Result is 1
Else
Result is 0.5
End if
Else
Compare RightMaxa and RightMaxg
If RightMaxa less or equals RightMaxg
Result is 0.5
Else
Resultis 0
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End if
End if
End

[AO20] IsLessThan (FuzzylInterval A, FuzzyCrisp B)

Start
Compare LeftMaxa and Xg
If LeftMaxa less than Xg
Compare RightMaxa and Xg
If RightMaxa less than Xg
Resultis 1
Else
Result is 0.5
End if
Else
Resultis 0
End if
End

[AO21] IsLessThan (FuzzyCrisp A, FuzzyTriangle B)

Start
Compare Xa and LeftOffsets
If Xa less than LeftOffsets
Result is 1
Else
Compare Xa and RightOffsets
If Xa less or equals 0
Result is 0.5
Else
Resultis 0
End if
End if
End

[AO22] IsLessThan (FuzzyCrisp A, FuzzyTrapezoidal B)

Start
Compare Xa and LeftOffsets
If Xa less than LeftOffsets
Result is 1
Else
Compare Xa and RightOffsets
If Xa less or equals 0
Result is 0.5
Else
Resultis 0
End if
End if
End
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[AO23] IsLessThan (FuzzyCrisp A, FuzzyShoulder B)

Start
Determine Types
If Typeg is “FAST_CARS”
Compare Xa and ZeroPointg
If Xa less than ZeroPointg
Resultis 1
Else
Result is 0.5
End if
Else
Compare Xa and ZeroPointg
If Xa greater than ZeroPoints
Result is 0
Else
Result is 0.5
End if
End if
End

[AO24] IsLessThan (FuzzyCrisp A, Fuzzylnterval B)

Start
Compare Xa and LeftMaxg
If Xa less than LeftMaxg
Result is 1
Else
Compare Xa and RightMaxg
If Xa less or equals RightMaxg
Result is 0.5
Else
Resultis 0
End if
End if
End

[AO25] IsLessThan (FuzzyCrisp A, FuzzyCrisp B)

Start
Compare Xa and Xg
If Xa less than Xg
Resultis 1
Else
Resultis 0
End if
End
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Abstract

PFSQL is an extension of the SQL language that allows usage of fuzzy logic in
SQL queries. In query statements, variables can take both fuzzy and non-fuzzy
values. Normally, different types of values cannot be compared directly.
Therefore, it is necessary to implement fuzzy compatibility calculation to solve
this problem. This paper proposes a method of fuzzy compatibility calculation
implementation that determines compatibility degree of two fuzzy sets. The
compatibility value is calculated using polygon intersection algorithm. To prove
the correctness of the proposed method, the application has been developed and
tested with 360 compatibility cases of different randomly generated fuzzy values.
The experimental results show that our algorithms can handle various types of
intersections between any two fuzzy sets.

Keywords: Fuzzy database, compatibility, PFSQL, fuzzy query.
1. Introduction

In the real world applications, some information might be vague, ambiguous,
uncertain, imprecise or incomplete. Fuzzy logic has become a successful
approach to handle this kind of information [1]. At the same time, methods of
incorporating fuzziness into relational databases, such as fuzzy data models that
are introduced by Ma et al [2] and Vucetic et al [3], are studied. In 2012, Skrbic
and Rackovic introduced PFSQL (Prioritized Fuzzy Structured Query Language)
that represents a set of extensions to SQL using priority fuzzy logic, together
with a new fuzzy relational data model based on fuzzy extensions of the
relational model [1].

PFSQL allows fuzzy logic concepts to be used in queries. Variables in query
statements can be assigned both fuzzy and crisp values [4]. For example,
a.wealth = triangle (13, 18, 20). Normally, a non-fuzzy value (a.wealth) and a
fuzzy value (triangle (13, 18, 20)) cannot be compared directly because they are
of different type. To solve this problem, the fuzzy compatibility calculations
must be used. In this paper, we propose a method of implementation of fuzzy
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compatibility calculations between fuzzy sets. Our algorithm is capable of
calculating intersection of every pair of the following types: triangular fuzzy
number, trapezoidal fuzzy number, intervals, fuzzy shoulders and crisp values.
This algorithm may then be used for wide spectrum of problems, but our interest
is to use it for the implementation of different types of fuzzy queries. For
example, it can be applied to the implementation of an interpreter for the fuzzy
XQuery language proposed by Ueng and Skrbic in [5].

This paper is organized as follows. In the next section, we introduce the
algorithms that we propose for compatibility calculations. Our implementation
and testing results are presented in sections 3 and 4, respectively. Section 5 is the
conclusion.

2. Compatibility calculations

Our research focuses on five fuzzy types: triangular fuzzy numbers, trapezoidal
fuzzy numbers, fuzzy shoulders, intervals and crisp values. In this section we
describe the algorithm capable of determining the compatibility degree of two
fuzzy sets of those types.

The compatibility calculation process is separated into three steps. First, the
intersection area of two fuzzy sets is determined. Second, the size of the shape of
the intersection area is calculated. Finally, a compatibility value is obtained using
the compatibility equation.

2.1 Determining intersection area

An intersection area of two fuzzy sets is determined in 2-dimensions: vertical (x)
and horizontal (y). We can assume that the shape of any characteristic function is
a polygon. Each edge of a polygon can be transformed into linear equation
(y =mx + c) and used for calculations in that form. For example, a fuzzy
triangle shape has 3 coordinates: (LeftOffset, 0), (Maximum, 1) and (RightOfsset,
0). The bottom edge (y = 0) is not used for compatibility computation, so a fuzzy
triangle have two edge-equations, LeftEdge and RightEdge. Table 1 shows
coordinates and edge-equations of all characteristic functions used in this paper.
A fuzzy trapezoidal shape has two edge-equations same as triangle and one
additional edge-equation called CenterEdge which is simple -y = 1.

There are two types of fuzzy shoulder shapes — ascending or right shoulder
and descending or left shoulder. There are two edge-equations in both types:
LeftEdge and RightEdge. One edge-equation of them is constant depending on
its type. A fuzzy interval is a line graph that starts from (LeftMax, 1) and ends at
(RightMax, 1). The area below that line graph gives a rectangular shape that can
be calculated easily but it is more complex to determine a common area with
other shapes.

The main activity in determining intersection area step is the coordinate and
edge-equations specification of the intersection area. The coordinates are
transformed into objects. Each object provides x and y coordination called
Coordinate. All objects are clockwise or counter clockwise added to a
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coordination table. The sequence of adding is important because non-consecutive
adding may lead to incorrect results in the polygonal area calculation step.

This paper considers five types of fuzzy sets. For the sake of brevity, only the
simplest case, triangle and triangle, is demonstrated in this paper. In this case, we
only use left and right edges to find coordinates of the intersection area. Listing 1
shows the algorithm that calculates coordinates of the intersection area.

Table 1: Coordinates and edge-equations of all characteristic functions

Characteristic functions | Coordinates | Edge equations
Triangle
(LeftOffset, 0)
(Maximum, 1) IF_{?;hEtg%Z‘e
(RightOffset, 0)
Trapezoidal
(LeftOffset, 0)
(LeftMaximum, 1) LeftEdge,
- - CenterEdge,
(RightMaximum, 1) RightEdge
(RightOffset, 0)
Right Shoulder
(ZeroPoint, 0)
(Maximum, 1) LeftEdge,
(00,1) RightEdge
(2,0)
Left Shoulder
(0,0)
0,1 LeftEdge,
(Maximum, 1) RightEdge
(ZeroPoint, 0)
Interval
(LeftMaximum, 0)
(LeftMaximum, 1)
(RightMaximum, 1)
(RightMaximum, 0)
Crisp value
[ (X.Y) |

Listing 1:Algorithm for determining coordinates of the intersection area between
two fuzzy triangles

Algorithm GetCoordinates (FuzzyTriangle A, FuzzyTriangle B).
01. Compare LeftOffset and RightOffset of 2 fuzzy sets.
02. If there is intersection area
03. Store a coordinate (LeftOffsetyay, 0).
04. Find a coordinate of interception of LeftEdge, and LeftEdges.
05. Find a coordinate of interception of LeftEdge, and RightEdges.
06. Find a coordinate of interception of RightEdge, and LeftEdges.
07. Find a coordinate of interception of RightEdge, and RightEdgeg.
08. Store coordinate (RightOffsetyn, 0).
09. End if
10. End
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The algorithm starts from checking intersection area of two fuzzy sets by
comparing LeftOffset and RightOffset for the two. If there is no intersection area,
the algorithm ends. If there is an intersection area, the first coordinate of it is
(LeftOffsetmax, 0). The LeftOffsetmax can be obtained by calculating the
maximum value of LeftOffsetA and LeftOffsetB. This coordinate is stored in the
coordination table. In order to find and store coordinates in clockwise direction,
we start by comparing LeftEdgeA with LeftEdgeB. If these two edges overlap,
the coordinates of the overlapping point is stored in the second row of the
coordination table. To find and store the next three coordinates, method proceeds
in the same manner. The last coordinate is obtained by calculating the minimum
value of RightOffsetA and RightOffsetB.

2.2 Calculating intersection area

In our research, the cyclic polygon calculation proposed in [6] is used to
calculate the intersection area. This method uses coordinates of a polygon for the
area calculations. The area is calculated by the following equation:

(1y2 — x¥1) + (Y3 —x3¥2) + -+ (X1 — X1,) )
2

To demonstrate the process, we describe compatibility calculation for two
fuzzy sets: triangleA (12, 15, 18) and triangleB (14, 16, 17). The three attributes
of a triangular fuzzy number are LeftOffset, Maximum and RightOffset
respectively. Fig. 1 shows the fuzzy sets, triangleA and triangleB. There are four
coordinates of the intersection of these two fuzzy sets. Fig. 2 shows coordinates
of triangleA and triangleB, and their coordination table.

Area =

|((14 % 0.8) — (15.6 x 0)) + ((15.6 x 0.5) — (16.5 x 0.8)) + ((16.5 x 0) — (17 x 0.5)) + ((17 x 0) — (14 x 0))| -135
| 2 [

A B

10

09
(15.6,0.8)
g
07 -\

06

/ \
/ xle,s, 0.5)
05 ; A
/
4 / \

/
/ ]ﬂ
/ \
/ \
02 / \

(14, 0)‘,!'; W\ (17,0)

by

03

o1

120 130 14.0 15.0 16.0 17.0 180

Fig.1: triangleA and triangleB

Attr. X Y Attr. X Y X Y
LeftOffset 12 |0 LeftOffset 14 |0 14 0
Maximum 15 |1 Maximum 16 |1 15.6 0.8
RightOffset 18 | O RightOffset 17 |0 16.5 0.5
17 0
triangleA triangleB Coordination Table

Fig.2: Coordinates of triangleA and triangleB, and their coordination table
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2.3 Calculating compatibility value

To obtain compatibility value, the compatibility equation [4] will be applied. The
equation of compatibility of the fuzzy set A to the fuzzy set B is given below.

P(ANB)
T 2
A

P(A n B) is the area of intersection between the two fuzzy sets and P(A) is the
area of the source fuzzy set A.

Comepatibility value is a number that varies from 0 to 1. Zero means
incompatible, and one means fully compatible.

As stated before, we focus on five types of fuzzy sets. Each fuzzy set has a
different shape of the characteristic function. An area of each shape can be
obtained by mathematical methods. For example, the area of triangular fuzzy set

idth xheight
can be calculated by [F———5—

In Fig. 1, the area of the intersection is 1.35. The area of the source fuzzy set
(triangleA) is 3. Therefore, the compatibility value for these two fuzzy sets
equals 0.45.

3. Implementation

To support our ideas, we developed the application that provides graphical user
interface for calculation of the intersection area of two fuzzy sets and
determining coordinates of the intersection area. Compatibility value is then
obtained using this data. The application has two functions: manual testing and
random testing. The manual testing function is used for a single test. User can
identify two fuzzy sets and then this function will return the compatibility value.
Fig. 3 shows the user interface for the manual testing function. The random
testing function generates cases randomly. In this case, user can indicate type of
fuzzy sets, boundaryvalues and the number of generated cases. The boundary
values include minimum value and maximum value. Fig. 4 shows the user
interface of the random testing function.

In our application, when the compatibility calculation processes are finished,
the image of fuzzy sets and their intersection area will appear on the screen.

This application was developed on Java platform with the use of PostgreSQL
to store fuzzy set attributes and cases of the random testing function.

4. Testing results

To prove the correctness of our algorithms, some compatibility cases are
generated. To reduce the collecting bias, fuzzy sets are generated randomly using
the described random testing function of our application. For thorough testing,
each fuzzy type was compared with other types. For example, fuzzy triangle is
compared with other four types including itself. There are two types of fuzzy
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shoulders, therefore there are six comparison pairs. Each pair has ten cases of
compatibility testing. Totally, there are 360 compatibility cases in our
experiment.

Compatiy e =lel=d
LU TRIANGLE ».
P TRIANGLE .
[ CALCULATE ] PA; (25 PA&B). |2145833333333334 | COMPATIBILITY: |0.3583333333333338
ORD.. [00
X Y X Y X Y
15 0 15 0 12 0
17 1 16332 0,667 12 1
20 0 17.375 0875 19 0
185 05
19 0

[T SRCNAME | DST NAME [ | Pta) | Piag8) COMPAT ORDER |
68 Trapezoidal  Trapezoidal 558 25 1125 0.45 1
67 Trapezoidal Triangle 559 15 0 0 1
65 Triangle Crisp Value 560 25 25 1 0
64 Triangle Interval 56 35 05
63 Triangle Shoulder (S. 562 35 2571 0735 1
52 Triangle Shoulder (FA 563 1 1 1 0
61 Triangle Trapezoidal 564 15 15 1 0
RN nnla nola R 15 15 1 nl¥
SRC: Triangle
DST: Trapezoidal
1.0
P(AY 35
0.9
P(AB) 2.89583333333333 -
COMPAT:  0.827380952380952 -7
06
ORDER: 05
05
0.4
03
02
01
120 130 140 150 160 {70 180 180
TYPE X Y coiD Y TYPE
T-LOFF 12 0 1097 13 0 [TR-LOFF 13 0
T-MAX 18 1 1098 14 0333 | TR-LMAX 16 1
T-ROFF 19 0 1088 17.25 0875 | | TRRMAX 17 1
1100 19 0 | TR-ROFF 19 0

Fig.4:
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Table 2: A comparisons between fuzzy triangle and other types

Case Type of fuzzy A Type of fuzzy B
No. Attributes | Val. PA) [ Attributes | Val. PanB) c
Fuzzy triangle 2.5 Fuzzy triangle 2.2222 0.8889
1 LeftOffseta 13 LeftOffsets 11
Maximuma 16 Maximumg 18
RightOffseta 18 RightOffsetg 19
Fuzzy triangle 2.5 Fuzzy trapezoidal 1.125 0.45
LeftOffseta 11 LeftOffsets 13
2 Maximuma 15 LeftMaxg 16
RightOffseta 16 RightMaxs 17
RightOffsets 19
Fuzzy triangle 2.5 Fuzzy shoulder (FC) 1.553 0.6212
3 LeftOffseta 12 ZeroPointg 11
Maximuma 15 Maximumg 20
RightOffseta 17
Fuzzy triangle 2 Fuzzy shoulder (SB) 0.25 0.125
4 LeftOffseta 13 Maximumsg 10
Maximuma 16 ZeroPointg 15
RightOffseta 17
Fuzzy triangle 2.5 Fuzzy interval 0.5 0.2
5 LeftOffseta 12 LeftMaxg 11
Maximuma 16 RightMaxs 14
RightOffseta 17
Fuzzy triangle 3.5 Crisp value 0.3333
6 LeftOffsetA 10 Xcrisp 12
Maximuma 16 Y crisp 0.78
RightOffseta 17
Fuzz triangle 15 Fuzzy trapezoidal 0 0
LeftOffseta 10 LeftOffsets 14
7 Maximuma 11 LeftMaxg 17
RightOffseta 13 RightMaxg 18
RightOffsetgs 19
A B ol A B . A B
A (16.444,0.778) _-“5‘25‘ 0.75)
(145,05 . y | ‘ +(15.909,0.545)
i : 125, 0167
ERCERY A(18.0) SR EENY) 6,00 v 20l are
a) Case No. 1 b) Case No. 2 c¢) Case No. 3
B A :: B A 2 B A
(12, 0.776)
(|4.0.5)j |
(13.75,025) ol y 4 | ~(12,033)
13,0 45 05,0 3(12\03;"_.(14,01 |
d) Case No. 4 e) Case No. 5 f) Case No. 6

Fig.5: User interface of the random compatibility testing application
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If the range in the random testing function is too long, fuzzy sets can be
positioned too far from each other and have no compatibility. To overcome this
problem, the minimum and maximum values of boundaries are set to be 10 and
20, respectively.

Table 2 shows some cases of comparisons between fuzzy triangle and other
types. The intersection areas of the cases 1 to 5 have 4, 3, 4, 3 and 3 coordinates,
respectively. The last two cases have no intersection area. The shapes and
coordinates of intersection area of each case are shown in Fig. 5.

5. Conclusion

This paper proposes the algorithm for fuzzy compatibility calculation of two
fuzzy sets. The compatibility measure is used to compare two fuzzy sets. First
we introduced the algorithms able to determine the intersection area between two
fuzzy sets. After that, the compatibility calculation processes is explained and
illustrated. Within the paper, the application that provides GUI for compatibility
calculations is developed. The testing results are generated randomly by this
application. In these results, various shapes of intersection areas are recognized
correctly by our implementation. In this way we illustrated the power of the
proposed algorithms to handle various types of intersections between any two
fuzzy sets of the five fuzzy membership function types that we described.

It is our intent to use the proposed algorithms for compatibility calculations
inside the interpreter for the fuzzy logic enriched XQuery language.

In the future, we plan to develop and implement the algorithms capable of
calculating fuzzy ordering. Fuzzy ordering is important operation for queries that
contain relational operators, as well as for those that contain aggregate functions
like MIN, MAX and SUM.
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Abstract — Fuzzy XQuery is the extension of standard
XQuery language that allows fuzzy values in the query
condition statements. Relational operators are not only
required and possible in crisp value cases but also for fuzzy
values. When relational operators are included in the query,
it is necessary to provide means for comparison between
fuzzy sets. These fuzzy relational operators are typically used
in two fuzzy sets comparison case, but can also be used with
some aggregate functions like MIN, MAX, and SUM. The aim
of this paper is to present the algorithms for the
implementation of fuzzy relational operators. Our algorithms
compare the horizontal positions of two fuzzy sets and
calculate the ordering value based on partial fuzzy ordering
proposed by Bodenhofer. Moreover, we developed a GUI
application and evaluated our approach with 360 fuzzy
ordering cases. The experimental results show that our
algorithms are capable of calculating fuzzy ordering values
with various types of fuzzy values correctly.

L INTRODUCTION

Recently, fuzzy extensions are proposed to handle
vague, ambiguous, uncertain, imprecise or incomplete
information. Campi et al. [1] introduced fuzzy extensions
to XPath named FuzzyXPath that used to query XML data
based on the fuzzy set theory. Fredrick and Radhamani [2]
introduced fuzzy XQuery to retrieve data from native XML
database. Skrbic et al. [3] introduced PFSQL (Prioritized
Fuzzy Structured Query Language), which is an extension
of SQL (Structured Query Language). PFSQL uses the
prioritized fuzzy logic to retrieve data from a fuzzy
relational database. In 2012, Ueng and Skrbic [4] proposed
fuzzy extensions to standard XQuery. Their query system
retrieves data from native XML database based on
prioritized fuzzy logic. In 2014, they implemented an
interpreter for fuzzy XQuery in their project called FXI
(Fuzzy XQuery Interpreter). Users can query data with
priority and threshold keywords in the condition statement
and define fuzzy values used as search conditions in the
query.

Including fuzzy relational operators in FXI is a very
promising idea. In this way, fuzzy XQuery queries would
be able to provide flexible comparisons between fuzzy sets
that represent vague data. Relational operators on fuzzy sets
are binary operators, which are able to compare two fuzzy
sets: <,<,> and>. Furthermore, fuzzy relational
operators can be used with some aggregate functions like
MIN, MAX, and SUM. In this paper, we propose a method
to calculate fuzzy relational operations between two fuzzy

sets and give its implementation. The proposed method is
general and may be used with different types of problems.
For example, it can be applied to fuzzy XQuery or PFSQL.

This paper is organized as follows. In the next section,
we introduce algorithms for fuzzy relational operator
calculations. Our implementation and testing results are
presented in Sections 3 and 4, respectively. Section 5 is the
conclusion.

II.  FuzzY ORDERING CALCULATIONS

A. Membership functions

There are five different types of fuzzy membership
functions used in [4]: triangle fuzzy number, trapezoidal
fuzzy number, interval, fuzzy shoulder and crisp value.
Figure 1 shows the shape of a fuzzy triangle membership
function.

A

0 >
a m b
( 0, Vx,x<aAx=b
x—da Vx € (a,m]
w0 = \m=a :
| b__;‘l, Vx € (m,b)

Figure 1 Fuzzy triangle number and its membership function

Definition 1 A fuzzy set A over universe X is determined
by its characteristic (membership) function [5],

taix = [0, 1],

where, for everyx € X,u,(x) is interpreted as
membership degree of element x to fuzzy set 4. Value
ta(x) = 0 denotes that element x does not belong to the set
A, while p,(x) = 1 denotes that element x belongs to the
set A. Universe X is almost always the set of real numbers.
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Definition 2 The set x € X | uy > 0 is called the support
of A (supp(4)) and the set {x € X | uy = 1} is called its
kernel (ker(4)) [5]

B. Fuzzy ordering calculation

In 2008, fuzzy orderings were proposed by Bodenhofer
in [6]. Here we recall some basic definitions used in our
research; for a more extensive description see [6].

Definition 3 Consider a fuzzy equivalence relation, 7-
equivalence E:X? — [0,1] and a direct fuzzification,
T-E-ordering L: X2 — [0,1]. Then, for given fuzzy set
A € F(X), where F(X) is a fuzzy superset of X. The fuzzy
sets ‘at least A* and ‘at most 4’ (with respect to L),
abbreviated ATL(A4) and ATM(4), respectively, are defined
as follow (for all x € X):

ATL(A) (%) = {T(AQ), L(y,x))| y € X} M
ATM(A) () = {T(AQ), L M)y € X3 ()

ATL(A) is the smallest fuzzy superset of 4 that has a non-
decreasing membership function with respect to L, while
ATM(4) is the smallest fuzzy superset of 4 that has a non-
increasing membership function with respect to L.

When L is a crisp ordering, the notations LTR(A4) and
RTL(A) are used instead of ATL(A) and ATM(A),
respectively. LTR(A) stands for left-to-right closure and
RTL(A4) stands for right-to-left closure. The operator < is
referred to crisp ordering.

LTRAx) ={A)IyeX Ay
RTL(A)(x) ={A)Iy€EX A x

x} 3
v} “

First we describe a well-known ordering procedure for
real intervals.

AN

[a,b] < [c,d] ®a<cAb<d (5)

Equation (5) states that the only case that yields “true” or
1 wvalue is a<c andb<d. The inequality
a < c means that there are no elements of set [c, d] that are
below the entire interval [a, b] and the inequality
b < d means that there are no elements of [a, b] that are
completely above [c, d]. Equation (5) can be generalized to
arbitrary crisp subsets of an ordered set (x, <) as follow:

M<;Ne ((vxeN)@yeMy=<x) 6)
A ((vxe M)Ay E Nx <y)

By using the operators LTR and RTL, and considering a
crisp ordering < on X, the following equivalences that hold
for all M, N € X are proved.

LTR(M) 2 LTR(N) & (vx e )@y e N)y<sx  (7)
RLT(M) € RTL(N) & (vx e M)Ay EN)x<y  (8)

Since the operators LTR and RTL can be applied for
fuzzy sets, an ordering of fuzzy sets 4,B € F(X) with
respect to crisp ordering < is generalized as:

A<, B < (LTR(A) 2 LTR(B) A RTL(A) SRTL(B))  (9)

The inclusion LTR(A) 2 LTR(B) means that the left
flank of 4 is to the left of the left flank of B while
RTL(A) € RTL(B) means that the right flank of 4 is to the
left of the right flank of B.

Considering fuzzy orderings above, the fuzzy ordering
calculation can be determined by considering horizontal
positions of comparing fuzzy sets. If the assertion (9) is
fulfilled in both conditions, the fuzzy ordering value is
true or 1. Otherwise, the operation returns false or 0. Figure
2 shows the comparison of fuzzy sets that yields value 1.

Figure 2. Comparison of fuzzy sets that satisfy (2)

From assertion (9) can be concluded that if only one
condition is satisfied, it means that fuzzy sets cannot be
compared - incomparable case. In this case, the fuzzy
ordering operation will return incomparable or 0.5. Figure
3 shows the incomparable fuzzy sets.

10
ng
nsg
07
0&
05
04
03
0z

0.l

110 120 130 140 150 10 170

Figure 3. Incomparable fuzzy sets

Another incomparable case is the comparison of fuzzy
sets having different heights. However, Skrbic and
Rackovic proposed an idea to eliminate this problem in [5].
Fuzzy set A’ is introduced as:

L { 1,ua(x) = h(4) (10)
Ra' = 1, (), otherwise

In this way, fuzzy relational operator < is introduced
by:
A<pBeo A < B’ (11)
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Definition 4 Let A and B be two fuzzy sets over universe
X. Order <y over the set of all fuzzy sets over universe X,
F(X) is defined by:

A<} B < (LTR(B) € LTR(A) A RTL(A) S RTL(B))

(12)

In the same way as with operators < and > on crisp
domain, other relational operators, like < and > can be
derived using the < order.

C. Algorithm

As mentioned before, we consider five types of fuzzy set.
Each type has different attributes that depict its properties.
For example, a triangle fuzzy number contains three
attributes (LeftOffset, Maximum and RightOffset). The
LeftOffset refers to the beginning location of the support
(supp in Definition 2) of fuzzy set (LeftOffset, 0). The
Maximum refers to a location of its kernel (Maximum, 1)
and the RightOffset refers to the end location of the support
of fuzzy set (RightOffset, 0). Table I shows attributes for
each type of characteristic function.

Attributes of fuzzy sets are used to calculate fuzzy
relational operator values. Comparing two fuzzy sets, 4
and B, focuses on beginning, maximum and ending
locations of 4 and B. For example, in Figure 1, two triangle
fuzzy sets, A and B, are compared by operator <, the
algorithm starts from comparing the Maximum attributes. If
Maximumy is greater than Maximumsg, the result is 0 and the
process ends. If not, the LeftOffset attributes will be
compared. If LeftOffset, is not greater than LeftOffsets, the
process is still going onto compare RightOffset. If
RightOffset, is greater than RightOffsetp, the result value is
0.5 (incomparable). If not, the result value is 1 (true). If
LeftOffsety is greater than LeftOffsets, RightOffsets and
RightOffsetp are compared. If RightOffset, is greater than
RightOlffsets then the result value is 0 (false), otherwise, the
result value is 0.5 (incomparable). The algorithm for
comparing two triangle fuzzy sets is shown in Listing 1.

TABLE L.
ATTRIBUTES OF EACH CHARACTERISTIC FUNCTION
Characteristic function Attributes Abbreviation
(A, 1q)
LeftOffset (4, 0) T-LO
Triangle fuzzy number Maximum (4, 1) T-MX
RightOffset (4, 0) T-RO
LeftOffset (4, 0) TR-LO
Trapezoidal fuzzy LeftMaximum (4, 1) TR-LMX
number RightMaximum (4, 1) TR-RMX
RightOffset (4, 0) TR-RO
. ZeroPoint (4, 0) S-Zp
Right shoulder -
Maximum (oo, 1) S-MX
Maxi 0,1 S-MX
Left shoulder alel_lm .1
ZeroPoint (4, 0) S-Zp
LeftMaximum (4, 1) I-LMX
Interval _ _
RightMaximum (4, 1) I-RMX
. X (4) C-X
Crip value
Y (#4) Cy

D. Crisp value

Unlike other fuzzy sets, the crisp value is a paired-
value (4, tt4). A comparison between crisp value and other
fuzzy sets needs a special method.

For a relational operation between crisp value and
another fuzzy set, we compare the value of attribute X of
crisp value and boundary values of the compared fuzzy
set. If a value X is less than the lower bound of the
compared fuzzy set, the fuzzy ordering value is 1. If a
value X is inside the boundary, the result value is 0.5.
Otherwise, the result value is 0.

Comparing between crisp values is done in the same
manner. For ordering between crisp values, 4 and B,
following applies, if value X, is not greater than value X3,
the result is 1. Otherwise the result is 0.

Listing 1. Algorithm for calculating fuzzy ordering between a triangle
fuzzy number and another triangle fuzzy number.

Algorithm IsLessThan (FuzzyTriangle A, FuzzyTriangle B)
01. Compare Maximum, and Maximump

02. If Maximum, greater than Maximumpg

03. Resultis0

04. Else

05.  Compare LeftOffset, and LeftOffsety

06. If LeftOffset, not greater than LeftOffsety

07. Compare RightOffset, and RightOffsets

08. If RightOffset, greater than RightOffsetp

09. Resultis 0.5
10. Else

11. Resultis 1
12. End if

13. Else

18. Compare RightOffset, and RightOffsety
19. If RightOffset, greater than RightOffset;

20. Resultis 0
21. Else

22. Resultis 0.5
23. End if

23.  Endif

24. End if

III. IMPLEMENTATION

To support our ideas, we developed the application that
has two functions: manual fuzzy ordering testing and
random fuzzy ordering testing. The manual testing function
is used for a single test. In this case, the user can specify
types of fuzzy sets and their attributes. When the process is
done, the application shows an image of specified fuzzy
sets and their fuzzy ordering value. Figure 4 illustrates the
user interface for the manual testing function. The random
testing function randomly generates comparison cases. In
this function, the user can indicate types of fuzzy sets,
number of generated cases, and boundary values. Figure 5
shows the user interface of the random testing function.

This application was developed on Java platform with
the use of PostgreSQL to store fuzzy set attributes and cases
of the random testing function.
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Figure 5. User interface of automated random testing function

IV. TESTING RESULTS

To prove the reliability of our proposed algorithms, some
fuzzy ordering cases are generated randomly using random
fuzzy ordering testing function of our application. As
mentioned above, this paper considers five types of fuzzy
sets. To cover all types of comparisons, each characteristic
function is compared with the other four types including
itself. Since there are two types of fuzzy shoulder, there are
36 comparison pairs. For a better variety in the comparison,
the number of generated cases is set to be 10. Consequently,
each pair has 10 cases of fuzzy ordering testing. Totally,
there are 360 fuzzy ordering cases in our experimental
results. The generated fuzzy sets are forced to position
inside a boundary that is specified by the user. If the
boundary is too wide, the fuzzy sets can be positioned too
far from each other and have no incomparable cases. To
avoid this problem, the lower bound and the upper bound
are set to be 10 and 20, respectively. For the sake of brevity,
some selected comparison cases between fuzzy triangle and
other types are represented in Table II.
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TABLE II.
A COMPARISONS BETWEEN FUZZY TRIANGLE AND OTHER TYPES
Case Type of fuzzy set A Type of fuzzy set B Result
No. Attributes | Value | Attributes [ Value
1 Fuzzy triangle Fuzzy triangle 1
T-LOa 13 T-ROg 15
T-MX, 14 T-MX5p 17
T-ROA 16 T-ROg 18
. B
2 Fuzzy triangle Fuzzy triangle 0.5
T-LO4 16 T-ROg 13
T-MX, 17 T-MX5p 18
T-RO, 18 T-ROg 19
, A B
1) A
e fi.
o8 JAl
a7 71\
e /
05 ]
03 /
3 Fuzzy triangle Fuzzy triangle 0
T-LOA 12 T-ROp 10
T-MX, 18 T-MX5 13
T-RO, 19 T-ROp 14
. B A
] 1
0s \I
0g 1
or 1
0 1
05 1
0 1
02 1
01 1
o 1
4 Fuzzy triangle Fuzzy trapezoidal 1
T-LOs 12 TR-LOg 14
T-MX4 14 TR-LMX5g 16
T-RO4 18 TR-RMX5 18
TR-ROg 19
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Fuzzy triangle Fuzzy trapezoidal 0.5 9 Fuzzy triangle Left shoulder 0
T-LOy 16 TR-LOg 14 T-LOa 15 SMXg | 14
T-MXa 17 TR-LMXj 17 T-MXa 17 S-ZPy | 16
T-ROx 19 TR-RMXy 18 T-ROxA 18
TR-ROg 19
B A
10 ! \ .’.l
09 . ‘\ J_ﬂ 1
o or \ /o
o7 ) o8 “ f-’ 'L
L] U 0s i ! \
05 ;l 04 \‘ ! |
o 5 1 ‘;t’ \
o K . s \
SR ’ A
10 Fuzzy triangle Left shoulder 0.5
Fuzzy triangle Fuzzy trapezoidal 0 T-LOa 12 SMXg [ 17
T-LO, 17 TR-LOg 11 T-MX, 15 S-ZPs | 18
T-MX, 18 TR-LMX5p 12 T-RO, 18
T-RO, 19 TR-RMX5 14
TR-ROp 19
. A B
“l :
o5 7 82 \\_ n
wl : 5
11 Fuzzy triangle Interval 1
T-LOa 13 -IMX; | 17
Fuzzy triangle Right shoulder 1 T-MX,4 16 LRMX; | 18
T-LO, 10 SZPy | 10 T-ROx 18
T-MX, 18 SMXg | 20
T-ROx 19
A B
.
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. ’ 1 - /o
. 1 “ \
o8 i 03 / \
. 1 I \
o | wl / \
. 1 / \
12 Fuzzy triangle Interval 0.5
Fuzzy triangle Right shoulder 0.5 T-LOA 10 LLMXp | 13
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T-MX, 18 SMXs | 20 A
T-RO4 19
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13 Fuzzy triangle Interval 0 16 Fuzzy triangle Crisp value 1
T-LOy 13 [IMXp | 16 T-LOa 10 C-X [ 18
T-MXa 18 I-RMXg | 18 T-MXa 12 C-Y [ 0.143
T-ROx 19 T-ROxA 15
A
. A
B A 08 A\
J: A or -""
02 | 0 ;‘J .
\ / \
o8 | o /
03 ‘ / \ B
03 02 J,‘* \\
02 o1 F‘f \
V. CONCLUSION
14 Fuzzy triangle Crisp value 0 This paper proposes the algorithm for binary fuzzy
T-LOa 17 cCX [ 15 relational operators, which can be used to compare two
1‘_]]\{[())(1\ }g Y | 059 fuzzy sets. Algorithms used to calculate fuzzy relational
A operator values are introduced. We developed an
application that provides GUI and fuzzy relational operator
A calculations to prove the reliability of our algorithms. The
" \ testing results are generated randomly by this application.
1 . .
" 5 il The results show that various comparisons are proved to be
Jf \ calculated correctly by our implementation. The proposed
- | \‘ algorithms for fuzzy ordering will be used in FXI to enable
y / \ comparison of two fuzzy sets.
0.3 1 . . . . .
o \ Future research in this direction will tackle problems
o f \\ related to the implementation of aggregate functions, like
wo mi e e we w we e w0 MIN MAX, and SUM, using the proposed algorithms in
FXI.
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