bslg) S slye )L (il joddundun (sI30dubgD

U9 Sl o ul.l‘.n o2 lixo

P00l 5 dpex g ol (g0l pligy
u'ﬁ‘ Sy “_,;oy.w‘ d‘)T olKisls Sy »‘5 s).swls (e 05)5

odS>

P9 30 i (sl ool Gl 4 Gleie BT o Fate I 45 Coul ails Jlisw 1) (Ko g 50 wledbl ogul wid,
9 G a4 5oL Ld by il el ol f‘,’o bl gy solisw! (gl 5390l g Gl gimo il &S (pl a as i b .0 ,5 oLl
39 e o ol Alio cpl Bud .Cawl g ol 5 @ g (DO g 30 Blo (p ko s ol tassue el mhaaw 0 Lools ped
legdgo (limo a2 azgi b )l Sl 0590 jlee lail golidday 095 50 sgbie (ol 4 el (o w9 Gl Gomims 4 Euly
3 3 5 ot ilolis 5 St o345y Ailolas Sy 5l sisms 2 (ol 31 o0kl sty Grasly 30 50 B gmiyt 9390 13T b b o
b il AigS g 4 5L golduden () &5 Cuwl (S s S5l pl5 w1y i wslhe gulh U 99l oo (ol poakidi gusuadies
F 9031 ool oy guli (69 39 U 50 09w o0 (5 35 051051 3 Fwly 3] ol 9 <80 (3l pogdhe £3,105 Wroodls (guiudisgs (gl y
5 5.5 0 4285 5155 55 00liiuol 3,30 (sloilabus 5 it 395 ool 5ol 12 coilobis 3 Ko 51 ylemo K lgie il oS S9ds0 Jbos!
Gyl 995 ailine Glagsbgy & Comad ST 20l 9 7§30 Gy Wlgi g0 Alio cul )3 0 bdilyl (b9, a5 wBdse (i y3ai cnl 5 Jol>

A2 38l o 3 V/TY G 1) Cdd (il jebay g a0

HFCS (o33 5551 ey, o2 boro bl o o poddudins (gulyaligs (631 Ghaio o1 lie 9 1 g0alS 5519

Hierarchical Fuzzy Clustering Semantics (HFCS) in Web
Document for Discovering Latent Semantics

Behnam Taheri Khameneh & Hamid Shokrzadeh*
Department of Computer Enginiering, Pardis Branch, Islamic Azad University, Pardis, [ran

Abstract

This paper discusses about the future of the World Wide Web development, called Semantic Web.
Undoubtedly, Web service is one of the most important services on the Internet, which has had the greatest
impact on the generalization of the Internet in human societies. Internet penetration has been an effective
factor in growth of the volume of information on the Web. The massive growth of information on the Web
has led to some problems, the most important one is search query. Nowadays, search engines use different
techniques to deliver high quality results, but we still see that search results are not ideal. It should also be
noted that information retrieval techniques to a certain extent can increase the search accuracy. Most of the
web content is designed for human usage and machines are only able to understand and manipulate data at
word level. This is the major limitation for providing better services to web users. The solution provided for
this topic is to display the content of the web in such a way that it can be readily understood and
comprehensible to the machine. This solution, which will lead to a huge transformation on the Web is called
the Semantic Web and will begin. Better results for responding to the search for semantic web users, is the
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purpose of this research. In the proposed method, the expression, searched by the user, will be examined
according to the related topics. The response obtained from this section enters to a rating system, which is
consisted of a fuzzy decision-making system and a hierarchical clustering system, to return better results to
the user. It should be noted that the proposed method does not require any prior knowledge for clustering
the data. In addition, accuracy and comprehensiveness of the response are measured. Finally, the F test is
applied to obtain a criterion for evaluating the performance of the algorithm and systems. The results of the
test show that the method presented in this paper can provide a more precise and comprehensive response
than its similar methods and it increases the accuracy up to 1.22%, on average.

Keywords: Semantic Web, Fuzzy Logic, Hierarchical Clustering, Latent Semantic, HFCS
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(Figure-2): Graph of the Importance of Words in the TF-IDF
Method [20]
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Name: DefinedFuzzySubSystemRules

Input: Fuzzy Input Terms [ ] IT,

Fuzzy Output Terms [ ] OT,

Fuzzy Linguistic Input threshold [ ] ITH,

Fuzzy Linguistic Output threshold [ ] OTH,

inputTitle, outputTitle

Output: FuzzyRules

1: IR < Null

2: OR < Null

3: Rules<— Null

3: IR <~ FuzzyInputVariable (inputTitle, 0.0, 1.0);

4: for (1= 0; i <Count (IT); i++) do

5: IR.Add (IT, FuzzyType (ITH1,ITH>, ..., ITHx))
<IR.Add ("inputTerm",

TriangularMembershipFunction(0.39, 0.5, 0.61))

6: end for

7: OR < FuzzyOutputVariable (outputTitle, 0.0, 1.0);

8: for (j = 0; j < Count (OT); j++) do

<InputRules
<QutputRules

9: OR.Add (T, FuzzyType (OTH,0OTHo, ...,
OTHm))
10: end for

11: Rules < ParseRule (if (inputTitle is ITHx) then outputTitle
is OTHm)

<All Rules are defined as the same

12: Fuzzylntelligence.add (Rules)

S dilobu 23 30 (miilgd iy a5 oS A : (V- JS&)
(Figure-3): Pseudo Code of the Defined Fuzzy SubSystem Rules
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(Figure-5): Membership function for the linguistic variable
Synonym tag
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Name: FuzzySubSystem

Input: Primary Similarity Scores [ ] PSC, Primary Similarity
Scores Variable [DocumnetNumber, Title, Body, Part of
Speech, Synounym] PSCV, outputTitle

Output: Fuzzy Linguistic Variable

1: FSR [ ] <= Null <FuzzySubSystemRules;
: SSInput [ ] < Null <SubSystemInput
: SSOutput [ ] <= Null <SubSystemOutput

: FIV <= Null

2

3

4 <FuzzylnputVariable (Title, min, max)
5: FOV < Null

6

7

8

<FuzzyOutputVariable (Title, min, max)
: Result [ ] <= Null
: if FSR = Null then

FSR < LoadFuzzySubSystemRules( );

< (see DefiendFuzzySubSystemRules(Table...))

9: else
10: for (j = 1; j < Count (PSCV); j++) do
<Count =5
11: FIV < FSR.SelectInputByTitle (PSCV[j
D;
12: FOV — FR.SelectOutputByTitle
(outputTitle);
13: SSInput.add (FIV, PSC[j]);
14: SSOutput < CalculateFuzzyWeight
(SSInput);
15: Result [j-1] <= SSOutput [FOV]
16: end for
16: end if

17: Return Result

6B dilbolw o 5 oo 5N S Al :(F- JSC)
(Figure-4): Pseudo Code of the Fuzzy SubSystem Algorithm
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(Table-1): Rules for the main fuzzy system

oI 50 ldlse plgreds Wl oo ez ool 51 S0
Ol¥e b9y ol b prizmen WS 1 la] gt 2o
S Sy Jle slp @0)5 sbml Coglyl bicwz ol
oz ) 4D Sl e Sy g )0 gt xS
O 50 Al bl A Comd (g e Cuglgl (Title
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Tile | Body | eeed | gy Oliee 138 039 4 Ol b g besls (g5luplesy sl
1 High High NO Same VR e lgicay (pline oz jo odelcawody cals
2 High High NO NotSame | VR G5B (59 g dgd g a8)F a5 o o518 wlelu (69959
3 High High YES Same | HR® o anlgs anlxe T L bl
4 High High YES NotSame | HR
5 High Medium NO Same VR 6)‘5 Gbéc’).s Alolw _f_v
6 High Medium NO NotSame | HR . . .
ez 0 gl el Gl goleiin by, o
7 High Medium YES Same HR
el 03yl M bl s Ll sl e ol
8 High Medium YES NotSame | HR
bl 09z xS O jgods ez ol pled 1 ool
9 High Low NO Same HR .
o b sl o0ty >yl 65 ailobs 5 sbane ) sl
10 High Low NO NotSame | HR _ ) ) . R R )
: G5 el Zole ;o g adlie cnl plod a5 (204,
11 High Low YES Same MR*
e plil | )5 0 gt G o e Galed 51
12 High Low YES NotSame | MR
13 Medium High NO Same HR Name: Hierarchical Fuzzy Clustering Semantics (HFCS)
. . Input: Primary Similarity Scores [ ] PSC, Primary Similarity
14 Medium High NO NotSame | MR Scores Variable [DocumnetNumber, Title, Body, Part of
15 Medium High YES Same MR Speech, Synounym] PSCV, Cosine Similarity CS, Number of
Documents ND
16 Medium High YES NotSame | MR Output: Hierarchical Cluster
- - 1: FSSW [ ] < Null
1720 | Medium | Medium . . MR aFuzzySubSystemWeight
2124 | Medium | Low o o LR’ 2:FW < Null
<FuzzyWeight
25 Low Medium NO Same MR 3: Clusters[ ] < Null
. 4: LoadFuzzyRules();
26 Low Medium NO NotSame | MR aLaod Rules From Table-1
27 Low | Medium | YES Same LR 5:for (i=0; i <ND; i++) do
6: FSSW < FuzzySubSystem (PSC, PSCV,
28 Low Medium | YES | NotSame | LR outputTitle) <PSC[1, 0.92, 0.84, 0.64, 0.001 ]
. 7: FW <« CalculateFuzzy Weight (FSSW);
29-32 L Med NR¢ ’
o i — 8: Clusters.add (i, FW, CS);
33-36 Low Low o o NR 9: end
10: NC <= Number of Cluster
11: while NC =1 do
12: MergeTwoClosetCluster (Clusters);
13: NC<«NC-1
14: end while
2 Very Related HFCS o o5l oS auls (5 - Jsio)

3 High Related

4 Medium Related
5 Low Related

¢ Not Related
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(Figure-6): Pseudo Code of the HFCS Algorithm
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(Figure-8): Comparison of two methods of HFCS and FLSC in
the discovery of semantic relations
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(Figure-9): Comparison of the average of related documents
among clusters
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(Figure-7): Membership function for the linguistic variable
Relevance
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(Table-2): Normalized mutual information comparision of HFCS method with other methods on “REUTERS-21578” dataset
K 2 3 4 5 6 7 8 9 10

Average

HFCS 0.425 | 0.494 | 0.575 | 0.641 | 0.701 | 0.745 | 0.799 | 0.814 | 0.829 0.669
FLSC 0.421 | 0.489 | 0.572 | 0.636 | 0.696 | 0.742 | 0.796 | 0.801 | 0.822 0.634
OBFDC 0.535 | 0.543 | 0.562 | 0.557 | 0.623 | 0.655 | 0.672 | 0.697 | 0.676 0.622
CCF 0.569 | 0.563 | 0.607 | 0.620 | 0.605 | 0.624 | 0.633 | 0.647 | 0.676 0.616
CF-NCW 0.496 | 0.505 | 0.595 | 0.616 | 0.644 | 0.615 | 0.660 | 0.660 | 0.665 0.606
NMF-NCW | 0.494 | 0.500 | 0.586 | 0.615 | 0.637 | 0.613 | 0.654 | 0.659 | 0.658 0.602

AFC 0.546 | 0.521 | 0.567 | 0.562 | 0.613 | 0.659 | 0.663 | 0.687 | 0.667 0.596
NC 0.484 | 0.461 | 0.555 | 0.592 | 0.617 | 0.594 | 0.640 | 0.634 | 0.643 0.580
CF 0.480 | 0.429 | 0.503 | 0.563 | 0.592 | 0.556 | 0.613 | 0.609 | 0.629 0.553

NMF 0.480 | 0426 | 0.498 | 0.559 | 0.591 | 0.552 | 0.603 | 0.601 | 0.623 0.548
KM 0.404 | 0.402 | 0.461 | 0.525 | 0.561 | 0.548 | 0.583 | 0.597 | 0.618 0.522

KM-NC 0.438 | 0.462 | 0.525 | 0.554 | 0.592 | 0.577 | 0.594 | 0.607 | 0.618 0.552
GMM 0.475 | 0468 | 0.462 | 0.516 | 0.551 | 0.522 | 0.551 | 0.557 | 0.548 0.517

H2D-FCM | 0.480 | 0.468 | 0.463 | 0.455 | 0.522 | 0.548 | 0.525 | 0.562 | 0.547 0.507
GMM+DFM | 0.470 | 0.466 | 0.450 | 0.513 | 0.531 | 0.506 | 0.535 | 0.535 | 0.536 0.505
BP-NCW 0.391 | 0.377 | 0.431 | 0.478 | 0.493 | 0.500 | 0.519 | 0.529 | 0.532 0.472
RC 0.417 | 0.381 | 0.505 | 0.460 | 0.485 | 0.456 | 0.548 | 0.484 | 0.495 0.470

NB 0.466 | 0.348 | 0.401 | 0.405 | 0409 | 0.404 | 0.435 | 0.411 | 0.418 0.411
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(Figure-11): Comparison of recall in both HFCS and FLSC
methods
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(Figure-12): Comparison of Accuracy test in both methods of
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methods
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