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Clustering Web Access Patterns based on Learning Automata
and Fuzzy Logic

Z. Anari , M. R. Meybodi , B. Anari

Abstract:

The interest of web users can be revealed by the visited web pages and time duration on these web pages during
their surfing. Time duration on a web page which is stored in log files is an important factor in analyzing users
browsing behavior. Since the time durations are numeric, fuzzy concepts are used here to process them and to
form linguistic terms. In this paper we propose a two step clustering algorithm based on learning automata and
fuzzy to group the gained fuzzy web access patterns. At the first step, each web access pattern from web logs is
transformed as corresponding fuzzy web access pattern, which is a fuzzy vector composed of fuzzy linguistic
variable or zero. Each element in fuzzy web access patterns represents visited web page and time duration on
this web page. Then we put each fuzzy web access pattern in the nearest cluster using the learning automata. By
doing this, a primitive clustering is performed on the web access patterns and the primitive centers of clusters are
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determined. In the second step, these primitive clusters which have no or several web access patterns are used by
weighted fuzzy c-means clustering algorithm and on the basis of the weight of each cluster which has been
determined according to the number of access patterns in each cluster and also the centers of clusters which have
been determined by the learning automata are reclustered. By doing this, the final clusters are determined from
the primitive clusters. The results of experiments which have been tested on the several data sets show the high
efficiency of the proposed algorithm in comparison to the other existing methods.
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Learning automata, Clustering, Web access pattern, Fuzzy variable

doddio .
axlpe g3k OMSae b (Lo3ls 3550 LMLl (53S0 )3 5 00l g9) 00l grwg o2 L ()5 ey 5o Dbl (493859, (58 L
s @ o 5 Sl gl g5 0 sleds (gage alies Ll lajli b il )5 4 bgrye Sledbl (0 STa Gl i oo
8 g 3l esliiul mhan )3 g LSl o )3 dgiome mhaw ;5 el rkae v w5 05 A5 sS oe g (B9 1) gl esls SLeSSS
1 5 el g Slomio Lol s sl iz ol (ols255 51 ooliel s il prbas 1o bl o g (glyione LbglS B dyime pla
GiS it 5 gl e s 4 g 3l oolitel plSan o S olas 51 4 ] slmeols 5l agie oMbl AAS Ban ey 3l solitsl zlans
w5 bkl Sl @y anasi 55 Glise o 5l skl slS @l S1NFLS s S oy slays e 5 )l s slagSl S5
Ol sanale a4 plgioe g ) ookl (AlS sledy, 5l 0,8 oslitul g eaims g (2l S 5 00t sile (patd sleule
ot s olls STy aalllas ;o e 3l S plsie a4 g gyt bS] anades oS o)Ll (i lagSl 5T 5 e
Jsl 0,5 o)Ll 1259550 95 4 (liige alaz ol 51als 0925 leiglis g (B5lS 50 (Sanaiiss 5 pomye GBS 10 (GaLALSS (g s0
78 e Al laaliss 598 co oy (A g ezl ools 352y Jliml oy g5 )0 aSial ped 5 aites g3 é g 00ld Slagll Ay
S 63 5,955 - [O] el cslin Jglatie (gaiaiis b amslio jo olaosls i sl 5 gomadss loolaiwl pl pls a3,ls gee g 380
S (o0 w2l B (09 e 9 Suabad pae LI (6l (b 02 2

2,5 o)lil 5 ojlse ar (i e Wl S 15 eolatul 990 g Gl c s GlagSl unaldss 0 &S oleen;sNl alex |
A sl FCM ol ai adigs aie G [Y] 50 el oas ool (goae e g ool gaiy dido (sl glalasly (saisadgs aze G [VV] 0
&3 slrdcgame (5,555 5 olaiwl b calizs aligs iz 4 g oLlS [FLA] s sl eads Bire alsd €4 oS Nl dcgeze S
ool 550 TOUZH (595 (ozman 5 Sluslne GLSEST Koo b (guty ddigs e oad 4 plowl Cliiod K0 )0 il (gaimg S
oo yme e o . [F, 40 VAT sl o eslit] laadigs 50,5 Jow sly TOUZh (6,65 ool domg Vb 0> (sl 5 5 435,513

el 00t 00l g gus s (gl 0ty dgs (gl LVQ b5, asiyl 5 [T+ 1,0
SSY 5l oy (o s 6581 alo o (gl )3 oS (o0 )] g (s SlagSll (GanaloS (sl slal> o 50 oSl SH Al 5o
g 00 Se g dzio oaims (i oS wilioe o b 31 SUj e So B o Gl 5o adlse pa 398 e b 3B o So o
Jloel b e oo )18 bgpe alisd (02035 50 1) oSl 12 5 03,5 oolaial 2Fob (SUlegsl I G WSl oo g aio (nl 59, 2 Gloj D
Wiz b jho glls plaS o a5 laadss (pl al>yo (090 50 83 S (o0 )18 bguye aligS (0 iS003 )0 LagSl csoleiiin o sl I al> e (sl
aS dlg> p 39 > g 43,5 118 ooliiwl 0,90 weighted fuzzy c-means |laje gou algs ni oSl lawgd diiins g (g yiws (565
0,Lgd wilodw] Cowas 150l (SLlogil Lawgs 45 o aligs 351 0 (pizmad g Slodal Cowds adgs o 0 aid S I8 e s SlagSIl sloss (g4, 5
Opar Sl oy )8 el TS5 L8, &5 oy wted oSl el Tossliin by, 0 0pS e plmlsanales
el g ond SBe g amio el kL cIVs Urly o1,s S3gs e odls Sleis, = {(rl ), (il 1yt ) (url 1) )} 4 gomms
5 oad OB g Sloxio Slawi 1395 o0 Cinogi 3B Gbj e S g 1 g axie Sy ooy Sae ABb o UFL 55 2 0o
GosSIl (glal o 55 gty by 3l ooliil b bl co oy cSY 5 e g5l Gy (o id closSl s 1 5 el IS B b
0ols zusgi S0l sblegsl ¥ iy jo izl ool pailejl Ojse poy i delol Wgd s aligs 1S jekay aiiles o g oy



309 oy Slaglll samaled slp sleiin pi sl 0gh e 0318 medgl (3 slaite 4 bgrye (ol mealie Y (250 50 98 0
Al go (65 Azl £ iy (ol odld ool Ll O sy jo solpiiny iyl o) ialesl s 0gd e 00ls 7,0 ¥ sy

2590 sblogit ¥
byl Jm! dase awsi ouls Gl Joe jo 000 ploxl wilgs g0 1) Joe (s0900m slawi a5 coul elimil Jow G 80l sblogsl
Bun S o OBl da dls o sl 1) 995 Jee g 00gad ookl wly ol 5l nFol (Sblegl ogh so ools p S0l SUlegsl 4y Srwly 5 00l
Lo 5l lely 28l jo Jleisl a8 cal  Jae ¢ Jos o g a8 QLl ]y Joe 0 e 055 Jlesl (o 516 0,50 ol blegsl a5 ol ol oles

DV0Jams o lias 1) e g 5ol sblogi! oo LS, Y IS sl iSTas 4 |,

a(n)
ol Lo
blogs! Jac
blogs! &l

753k sblegi!

B(n)

Lo 3 553l (sbilagi! et Bl ) IS

oY
B= {ﬁl,ﬂ2’~~~,ﬂm}‘lﬁi°s)5 Acgee A={04,0),....00 } A€ oo ol Sols QU E={a, f.c} o 4w bwg olge | bae

A5 ol 4 G a4l i€, sy 455,55 )3 Bl Olyie & By =0 5wz oy 4 =1 shome i

GUlogil o)l (6 paises 7y 4 anldl |5 0T o Gy e e il U g ol Ll b og 8 50 4y ol clallegil sl e wily
o315 sn ol oo onlial T 5l allie ) 45 a5 iz ,lislo b 50k

i il b pF3b glilogil Y-y
Blogl lekos dcgazeq={a, e, )00 &5 dpdse ool ol (BB PTI L ¥ by e sl b 5ol (sblegs

1
pn+1) =Tla(n), B(n), p(m] 5 lekee 5} S o Slsedl Jlzallo p={ppoees pr) e blosil slo 355 aegame f=(f,-. 5, )
catia f; Loy i Jae p & Lume (Gl) (295 ool Blogil ont Sl Jae 75| (S Lanme (63955 3bise 6553k w55
Ao pe 3 O oo 51 Aablagil 5l £ onl )3 ool e 5o b sBlogl 15 b (555l (slety o501 3] g S 5 s 35 oo
wsllacl gl sl 5 anl e GalS Lllaisl plo 5 a3l alil p(n) Jais] ayles Sl Lo 5l sllae dly 5 858 Dl ol n
ol o 03,51 5 (650l 2,580 g S 5 5 iy e el ezl 5 iy 2lS () o]
pi(n+1l)=p;(n)+all-p;(n)]
pj(n+1)=(1—a)pj(n) Y j j#EI ()
oshas gnly
pi(n+1)=(0~-b)p;(n)
pj(n+1)=rL+(l—b)pj(n) Vj o j#i )

-1
Cgllol s 1o



il s w2 b 5@ aSiley 28,5 L5 s lsie |y Sl an b 5a pyolie a4y azgi b il oo dngym oLl By 3ol el @« 3sd Las, 4o

eslige Ly 1y ops80 el jao luns b aSiilo; oalion Lipep 1y oys80l el 5SzsS (s a 51 b aSile) ol (0 Ligp 1, 02,55

8,5 anxle [V, VY, VY] 4 Glgies Sl slabilogil o)bye yiiny asllas 6l

S b miio 9 590 -V

o 3B oo a4 bgyye bl pualie (S p Cand (o [TV 00,5 (8,20 VAFO Lo ;0 00l j9ud yy Lawgs (658 dcgamo popie
g g0 00ls

Sy yshay 05d e Cipogi i Slasl asgaze 4 ((©) ,p(0),P0s) Jlazx! sliad K 5l al Sy s a4 & ojlh uiie 2 iy a5
sy, S jliely ©jgpe Jleisl 0eb o oy P(O) 5, » &5 Jlixl JLae Posy O Sy acgere p(O) (Sl acgex®

DFlail o & cupiae a1y sk o so ool Lisles ¥ alal, & gafr> &} 56

Pos{& > r}=supi(u),

uzr

Nec{& > r}=1-supus(u), )

ulr

Crié>r}= %[Pos{f >r}+ Nec{& 21},

S8 e ol Wlgi oo (63 suite SO Uil 5 g0 Jlaie 06l 0 oy Talal ) Dygo 4 gg 6B pxe SO Ul 550 lade 1Y o yad

IV TS ol goas laie Lawgi |

E[&]= J:O Cr{&2r}dr —Ji Cr{&=r}dr )

O alaly &ygo 4 (K7 ,,7 5,7 ) 4590 550y G 51 HUanl o 90 jlade Jlie olgie 4y .l ol JI,S00 g0 51 (S JBlas oS oads ool
D9 50 B0 g

E[f]:i(l’l+r2+l’3+r4) @)

SOl s 59531 — ¥
Sygas |y 0y S el T (g ynd (5551 ol plotie g aio Ml (gl acgame W :{urll,urlz,...,urlm} PUCL PPt
s pyurl e Wik < p) (ISi<n) ol &b pavsien bt 5= {(Url,), (UrL 1, )ovees (UrL, 1, )} s g0me
ws¥ls = {(Url .t ),(Url ot e (UrL )} 55 28 Gl ] sln oo Lid )l (el 1 danags 00t SlMe i
a3 go il )l el j Lanags 00 BB Sl Slawi G gurl e W<k <q) (1S j<n) ol aSums e glis | o ousyimd
s ol aa B Ur],, ay patia az s b IS el 85 col ol oaias plisc(1<a < p)e(url it )es, s (url, t, )€s, S

Wb < K <m)aurl,=url, =url e W 5 (1<c< q)‘(url 1 )ES_,-‘ (<a<p)url .t )es, 5. o e maurl, o

jet je ia>
a5 aed e plis wanly 1,27 ;0 ST el Sglise paly sl @dle a5 sas o olis tiail‘jc S9Nl g azan pl 4y (S e §dle o5 a8
=1, (tia:56se,tjv =60se JLw Lg‘)._g)tjcjtm O (390 Oglasaiz 12 0,10 1,57 pal Jay G (6 i adleyrl, axio ap)ls ool 1

—ogi 0,—E5 long s middle g short aile 638 Sbj pice SO Glaie @ Glg oo 1) g azan S 0 loy o (ol ply .8 )5 0uol g5 o



S o=l 5o adlge j 098 g0 00l ZE (G5B o SO g (g yiws (565) 2 o 0gou dall o LV Josle pad LB @L.Jayl) S,

SV 5109 K O ya 95 (w pwd (59531 o i \-¥

oot oLBMepylaze g amio m I sl asgome W ={url urly,eourl, b 151 Giman 0 oo 533 S = {81,800, } &5
U= {Urll’tl, Yoo (UFL L, ),...,(Urlm,tmI ),...,(Urlm,tmh)} S ygmar g slagSl aan dcgammo Do ol 40 Wil ) S den lawgs
S 8,ES eSaaibe Url, s, » kiley @ae JS slaws b sUTL| 55, » lilej Sae JS slows 8 4S5k .aigis o o0ls ioles

Sgdsn odls HLis £ alaly Djgar o S lawgl §,€ S gy oSl Cl U Sl 5 uf A germo s

_ t t t
V=<, Vg Vi >,

*)
tyu, (Url t,)es,

t
(I<k<m)v, = ,
* {O, otherwise

eite 5y bwg (1S K S ) o0 ogdas 0,5 s ol s b i oy o 0 [,5,€ S awsyiaws 655 o oliios & abas], Jlac! L
4 L Al ;e g 050 o i [1A] [0 00l (5 m0 ae Gubs alitie g5l Al 7 4 g Dlbo (jloy Do JS0gd oo o (51 S
G e SO Glgmie a (g38 b o dgl sl oad ools HLas ¥V S jo ey Cugac milgi 0gd o0 caosl (558 Sbj e SO lgie

el oads sain b g3 asb 51y E=(ay,a,,b,,b,) slais;es

Membership,
Value

a b a b a4 a1 8, Ay time (5)

obo) G Cogac xlgh 1Y S

Bgd s 03ls ol ¥ ably &gy (LTS R)I Sk Sm) Ay, 636 U peiiog Vi (i d0 s abay]



t

o, vy, =0,
t

Sy a;S vy <a,,
t

Ay=160 a,<vy <as, A2

1

é/r’ ar< vik Sarﬂ’

Jn3 ¥ aslas Logi Blise (6356 JLj e &Vl p 53V 30 5 ailige absipe 656 G pie (1S JST7) oL oS5k

fvt’:</1il’/1i2"“’/lim> M)

V Jgoz &g 00ls SY 5115 s yrws slagSIl STl olgie & aibie (IS k<m) A,€{0,£,8,,....E,} akaly ol o
S el i g g dmio il G3pp ey Dk g o Sl g Amio sdims i (Jsaz ol o (ULt ) paie s wil
RESH

0318 Y I (413,35 (o yiwd (5l2 SN Jgu

2B awlis ol > sl dlss
\ (AY+),(B,YY),(D,VYA),(E, Q)
Y (A,aY), (B,A9), (FY-)
¥ (A0), (B,W), (D,EY), (G,34), (H,))°)
f (A,Y+), (CAY), (G,Ab), (H,V+Y)
I (A¥+), (B,Y0), (D,VYY)
4 (A,0Y), (B,A9), (G,AY), (H,\ - A)

GBSy e aw gl il oo el 558 Al aw 4 ¥V SS Gilhe oloy Sow Cugac mly Sl o8 L
S8 slapate ol HUaGl 0,90 Hlade w0glcway |, long(Ye )YV €0 Y €4y middle(Y+,00,30 VY )y short (+,+,Y4,94)& g



Membershig
value

Short Middle Long

1

0 20 50 90 120 140 Time(s)

oloy Goe Lo g @lgi VS

1 5 .4 o . s 1 R . S .
D9l Gy ¥ S )"1;/{ S8 Sbj e bV s0ae loj Do G Ol e 1y 25 iy,

0, v, =0

A= short, 0<v; <35 @
middle, 35<v; <105
long, 105<v;, <140

SleaaSTy 5l oals Gl lizme Dlxio dacgorre gloizl U g aib o5 lisSly dacgeme S ={S1,S2,...,S6}di:.l‘ el

Dl oo 03l yiled W= (A, B, C, D, E, F, G, H} L l,5 de lawg ool Slide slize g Slio dcgorme gloiz! il S )

3 by sexie S (g5 oy 40 pate p el sols Lisled 53U oy S leie 4 Wl 08,€ ST =12,...,60) g (g iws 555!
b}w‘so oslo uLMAJ Ry Sy \ JSD S9) )‘ <9 );)lf uu.w ‘s.au)a..nb LgLﬁb}i” J.‘..ul; = ).n..a l; {ShOrt,Imddle,lOng}

8, = <short, middle, *, long, middle, *, *, *>

S, =< middle, middle, -, *, +, long, *, *>

S5 =< middle, middle, *, middle, *, *, middle, long >
§,=<middle, *, middle, *, *, *, middle, middle >
§s = <middle, short, *,long, *, *, *, * >

S = <middle, middle, *, *, *, *, middle, long>

2,5 ke = <E[short], E[middle], * , E[long], E[middle], *, *, *> 8, &)sa lg oy 1 30 o jUaml 0,50 Hlade Jlie s 4
Sged ooliiwl O doleol o)lg5 o E[long]s [middle] g E[short] aculze g1y il oo cawas aslie johay 55 lagSIl asy

50l (5Blogil 31 oOliil b wg w s SlogS sis g3 T—F
gy 5> aled (0 s gl Slss Sy 41 |y g omsiasd (oS b S o ) g, Soly sblagil 5l solicisl L alo o el 4o



i 5 4 lablegsl alad pl L Jue (a0 soplis |laadgsolass N)ail selaadgsolass ojlail 44 50 Glegsl o Jloel Jloy Jobo .04y anles m
Jeint P cjgo ol o il LA; sblagil Jos ool L Sl @) (51 005 oo Lt |y ol L adigs 3500 sy blagil oy 511 sl
L ASLEN) L Joo aliss 10 3850 50l sblogil (55, 5l 4255 50 5550 (10,5 (ateiaisly ool LA; GUlogil Jos (el L L Bl

oS o0 o Vo abal) Sygar gm Jska g Pr el Jlop SO L

P,=[P,, P/ P/ . P'l1<i<m) A1<L<N)
oo 54 y5ky 00505 gl (o lade Bolai &jga |y S0l (sblegil o il 4 bogyye Jloel 5 550l blegil (30,5 jaseds 5| e
S5 o a1 51 g 335an e ol g oty 4yl 35Te S ol b il Sy i Blegil a5 VLo s
255005 50 1y 5 58 500, dunlin laadigs alas 35150 b sl 0sd Joos 536 Jlo o &S L AShSn)  f g (g yimd
2 0yl g o yiasd (53501 L 1) alols oy S a5 gladigS ol atuiie 5l e e oo JL8 0l T L) alols oy S aS aligs
i 4le B b i slo )55 ol b Slie ol 09 e 0ol 3ol (4bgs 2005 ojled)abgs o Jae 4 lablegil _ales
S s slagSl ok afigs (gly soliin piyeSIl A5 dcd bse dalsl Wbl oats Jols bgS Jan o e B
ol 0 00,51 ¥ USE 50 050l (sbilagil 5l ooliall

Obey Due Cugas wlsi {5),5,50,8, } Bl Cg (gw s 58I Jalis (S) )15 leedaST 5 :599,59
(o alg> Slasi N) aliss 10 55 10 3,5 Iy 15295
ey 95 Jol
I el VLo ggame 45y sk o8 adsl oo ke dlai by |, S5l cblogil o Jlasl bl Jlozslls ;-
Aol Sl S0l sblegsl J Je!
e LS5 P =[PP P L P Syga |y abgs a oy ISLESN o gly -Y
o ol (1Sh <) o f )l s 6990 o sl |y 5 ol =Y
adaly (aDag 00yl Tp0 5 alal) 4G sk (S dnnlie adigs slajloy (oles b1y g )5 pwtws 55U o VY
(S oo pmend 310 5T s G S L |y Aol oy yiaS aST ) glaligs o
2 . 2
|f =P | = min|ELF =P
py=p,+all-p,]
p.=(1-a)p. Vm L#m
oanlie aigs JIo ) otss B ks Siley L 5 il oot 00,1 LS5 oload 2STas aSiile) b 1) Y al> o -F
S )‘)SS sl oauis

250L GUlogi! 3l osliinl b g (o yiwd lagSIl Gy aligs nia o3I .F S

Dg oo hpogi py O yga Algs (ral L aSG gk a5 co (g atwd adg> N 1) g (o yiws slogSl plas o0 ,6301 ()]
U=seS :vak_PLHz szinHE[ka] _PLH2

S G5 (G Deole S S U =UUUP UL UU Y asg0mme (rizpod 2y oo PL jlo p aligs 1035 109 (1S LS NS k <) oSy 5k



Weighted fuzzy c-means dawgi (g 4iigs y-¥
Weighted fuzzy c-means lawg o)bss wael cavsy b al> o 0 a5 (IS LSN) (P, aiss 51,0 dsgazme al>yo opl jo
0315 s Giliee slo U 4y Sglicte slesss il oo silides owiws slasSll Jols (1P S N) U’ aSilon] 5l g sogins as>
At oU abgs adus)l5 NU')  dbl, ol opbee drog V) abl, Sjpa (ISISN)U GG 0sie

) T ) c o N . . 1 2 N
sl 00 03,91 O JSi 8 o 1651 ol A5 as il oo ZN(UJ)zn. Shgar S p (e Ssole 13 S U=U"UU*U..UU

J=1

N
w,=— )
> NuY)
Jj=1

Lol ol Gy Y-F ise 0 150l sblegsl Jawgs aS(IS LEN ) ¢ Praigs ST 169958
Ahg> C g9y

S adgl moaiel, (1 <7 <€) vy ags 35150 -)

el B ogs adigs 0 iS00 |, PL oSl jo i Cugie 16 Gl oY

1
uiL_ 2

2{ d(PL,vi)]“l

J= d(PL’V_;)

e Lo 36 el E (1,00) 5 amo e il ags pwal | 4 P e a0ty 4S5k
oS dile 0,ig3 5 dobee 5kl (1T <€) vy aties 35,0

N
ZWL (”iL)mPL

L=1

iwl_ (”iL)

55 S5 50,5 1%es 115 Bun ali aSilejl 1Y B Y al> o ¥

V.= P

m

JM,V)= iiWL(uiL) d(PuVi)»

L=l i=1

Weighted fuzzy c-means guss adigs peis 55l .0 JSis

sl aig> Sl acqoe V :{[Vi]’ISiS c} ol o gus adg> w):LoM = {[ul.L],l <iLc¢lLL<L N} a5 gk
2 ol sl (ISTSC) v asigssn 0. o)l Gl abys € 4 Oglite Cugac 420 b P 5o oys8l ool 21l an ol s
Syl 3l aler € 4 Pp cogac a0 plaa LU 5o 8i g (o ypowd 56X]



Sl A 51 99 JB Y (g 3lwooleT -

Sl 5155 Jawgs ool DM o Jolds ol ools dcgasme (120,5 ooliiwl ools acgazme 0 3l Lo (goloinn i, oSl (g5l s gl
LY oo gyl pez ools @ (o absd lpes, o Jlae! 5 LB 33ls i S5 cpaiz [V]ailes S 1, Nasa colw o a5
Lol ledbl ools (g5luSl gl mols ploul 1) 515 avd> Slolisy ools (g5lash ol Lo cialejl (ol 5o 0,5 bl sl co g
alil Oy o yiws sosSl slass LB SY pls (oo S Bis |y 0,8 o JPG cgic JPEG. gif ygoman obbdigun b ol jexen
S 1y epa cole g oS el Gl I8 awgs ool OBMe Do ol pgo 0ols dcgomme il oo APY g Slxas Slaaig VY-V 0ul
LV]asl oo VYV 55 Gy Olmio slaais VYT )], 15 Glads olaas L1 SY cplyo wles S

ELIREL -8
Davies-Bouldin . c-index Dun index alg5 oo 45 5,0 9525 calbisee jLisl glo Los c00ls acgommoe jo ades mlis obj)l 6l
59,0 Aols ggazme 75 5l b S caFli cpl Y] wles,S ooliisl Davies-Bouldin Index |Lae 5l Lo allie ol j0 5403 o,Lil 6,089

‘Lg)LS Lg.)..u:\.ws} le'e"“‘)}fj‘ B OM] Cawdo LgLKbA.M:s} M:.AJ R L;‘J" u‘})‘so )L.Lo U"‘ )‘ J.‘..ul;u;o MP O ‘;..L.S‘).) L 4..,45_>
ol 00 03,31V Y adal,y 5o JLxe ool L[V ]o,5 solanl

c S(c.)+ S(c. Y
DB:l.Zmax —(C’) ) o
c i=1 i#] d(Cl-,Cj)

Cjadg> 550 5l J abes 50 lagsll ass alold (2 SLeS(c ;) €y als> Syeil 1 alss o lagSll ase alold :SiLeS(c)) o358 alail,y o
0392 0313 laddigs a5 Cewl (ol oaimd (Jlas il o5 DB Jlaie 4z o 0l oo b adigs slasi €9 oo 5| € 5C; adgs 3515 alals d(c;C )
o s adgs sl wonds plmil cliglel ;5 a8 o5 |, DB oo il ddis € (sl aige o adgm e by 5yl alols oo 5l LsT3ST e
Lol oad (580 plp b algS slaw 3leidn w2l 3l ped Al e )3 g Sl 0l (B33 Oy (o wd SlagSll sl il ol al> e
dlie alids Gloaty ;s (o DB L (g 4oz o681 mlis (b)) jshaie 4 ol ooV SO illas 55 09 Slxio oy Cupas @l
Lulys 5o Slaglesl cplams o lias NASA ol jo 1, Giliste loat ;5801 b (saloiin 02,6501 (e DB Jlns dslia ¥ Jguo .ol o
Lol ool s e Gloe 58N (59,2 s5lene

Owb b )8l wlu 5l (Learning Automata+Weighted c-means) (golgiin v ,65! ;0 DB 9151 coul axin ¥ Jaaz 5l a5 aisSilen
Syl se odalin Joazr (nl 5l a5 wigilan 0,5 63V QLIS o (o s lagSl ganadios o soleiiny o )sNl des e (LA (nly Wl e 5
4 09 aless cawlio oy o5 9sd oolaiwl ( Learning Automata) . Sol sblegs! 3l s gy (goloion ou,sl Jol al> o 5l Laad 31
0391 yide (Gs Adg Azl golpiinn g, L LVQ+Weighted c-means) e o5 5 skl ;o a5 awo oo Lis Jeaz ol S0 ©)le
e ebin QDS il oa 00 IS 2o @ a5 lgan 58 b o s

Nasa ol 50 Loy ;950,550 b duslio .Y Jgur

S Aligd vy oSl Davies-Bouldin Index
Fuzzy c-means <ONY
Learning Automata LS9
LVQ S YYY
LVQ+Weighted fuzzy c-means - fov
Learning Automata Weighted c-means(Our approach) - YAy




dlie calizee 130,801 itz o DB Jleg w85 plnil epa coles g 50 (65500 ialojl (soleidion o581yt (guoy 0 y5kate 4
Qe e plisepa colw jo 1) calisee (leei ;35 L eoloiin 00,55 e DB jlas aslie ¥ Jgo a0 5

epa Colw 5o Leods 51,500 b dmy e ¥ Jgur

G AlvgS ay 5e5d Davies-Bouldin Index
Fuzzy c-means < fAfP
Learning Automata .04y
LVQ - 50
LVQ+Weighted fuzzy c-means AR
Learning Automata+Weighted c-means(Our Approach) < YAY

oAt 3 Jgaz 1S a5gSles 0l Lpdigy ples 4y Connd (6 3YL SLS golpiing oo ,68) cnl Jasein 55 ¥ Jaan a8 4eles
SIS LVQ 0,63 51 (65 <Slye 4y o5 (oS 5 oo, sS Jol al o 0 550l sblegsl 5l oolisiul aS™ conl ol o)ls

S 4o -

GP900> 3,5 Sleida @ e ytes sl sanadss 6ln 631 55 9 Tk Sblegl jl eslanal b (oS 5 g, ST Allie cal o

sl Gl S5, adsl amader S ol GUlegil jloalainlly s 9 95800 ol 531 Sl o @ oy (o yiwd 580 (soleiinn
ol S LVQ L Fuzzy c-means aule saiadss sl 5 8 yiie solitul colue 5l S 45 ol Lt btale)] zuls .5 oo plosi
Ohgy Sy Wlie cpl 53 Vb CuhS L ok alsS Sy sbml g 398 S p adde slate 4 1 09y g (o e SlagSUl anadss o L]
P8 el (g, 08 i 0y (o s lagSIl u adg> sl weighted fuzzy c-means 5 .50l SUlegsl » (e oS S
255 18 eoliiwl 590 00l (gl patd il oy 5 (el Slule Cy CSle 5 (b o oy Gl (S5, L8, Sl ool L ol

&\ »

[\] Beigy, H. and Meybodi, M. R., “A Learning Automata based algorithms for Determination of Minimum Number of
Hidden Unites for Three Layers Neural Networks”, Journal of Amirkabir , Vol. fA, No. ¥, pp. 46Y-4v¥,October Y- - Y.

[v] Bezdek, J. and Pal, N., “Some New Indexes For Cluster Validity”, IEEE Transactions on Systems, Man, and
Cybernetics. Part-B, Vol. YA, pp. ¥+ 1-Y10, Y449A.

[v] Bezdek, J., “Pattern Recognition with Fuzzy Objective Function Algorithms”, Plenum Press, New York, YaA\.

[f] De, S. and Krishna, P., “Clustering Web Transactions Using Rough Approximation”, Fuzzy Sets and Systems, Vol.
VEA, PP. VYV-IYA, Y- F.

[6] Han, J. and Kamber, M., “Data Mining: Concepts and Techniques”, Morgan Kaufmann Publishers, Y- - -.

[¥] Hathaway, R. and Bezdek, J., “Switching Regression models and Fuzzy Clustering”, IEEE Transactions on Fuzzy
Systems, Vol. 1, No. ¥, pp. 1406-Y- f, 1aa¥.

[v] http://ita.ee.lbl.gov/html/traces.html.

[A] Krishnapram, R. and Joshi, A., “Low Complexity Fuzzy Relational Clustering Algorithms for Web Mining”, IEEE
Transactions on Fuzzy Systems, Vol. 4, pp. 038-#-V, Y-+ ).

[a] Lingras, P., "Rough Set Clustering for Web Mining”, Proceedings of the IEEE International Conference on Fuzzy
Systems, Honolulu, HI, United States, Vol. Y, pp. - ¥a-1-ff, ..V,

[V-]1 Liu, B. and Liu, Y., “Expected Value of Fuzzy Variable and Fuzzy Expected Value Models”, IEEE Transactions on
Fuzzy Systems”, Vol. \+, pp. £f60-f0-, Y V.



(VY]

(Y]

(VY]
[VY¥]
(Vo]
[V#]
(V]

Al

ARY
[v-]

ARY

Meybodi, M. R. and Beigy, H., “A Note on Learning Automata based Schemes for Adaptation of BP Parameters”,
Journal of Neurocomputing, Vol. fA, pp. 4av-av¥, October Y- - Y.

Meybodi, M. R. and Lakshmivarahan, S., “On A class of Learning Algorithms which have Symmetric Behavior under
Success and Failure”, pp.\fo-)00.Lecture Notes in Statistics, Berlin: Springer Verlag, 1aA¥.

Mitra, S., “An Evolutionary Rough Partitive Clustering”, Pattern Recognition Letters, Vol. Yo, pp. \f¥a-1ffq, Y- - f.
Nahmias, S., “Fuzzy Variable”, Fuzzy Sets and Systems, Vol. \, pp. aV-)+\, YaVA.
Narendra, K. S. and Thathachar, M. A. L., “Learning Automata: An introduction”, Prentice Hall, yaAa.

Pal, S., Talwar, V. and Mitra, P., “Web Mining in Soft Computing Framework”, Relevance, State of the art and future
directions. IEEE Transactions Neural Networks, Vol. \¥, No. &, pp.V\#¥Y-) VY, Y- -¥.

Runkler, T. and Bezdek, J., “Web Mining with Relational Clustering”, International Journal of Approximate
Reasoning, Vol. Yy, pp. Y\V-Y¥&, V- -Y.

Shi, P., “An Efficient Approach for Clustering Web Access Patterns from Web Logs”, International Journal of
Advanced Science and Technology, Vol. o, April Y- -A.

Wang, X. and Ha, M., “Note of Maxmin w/E estimation”, Fuzzy Sets and Systems, Vol. a¥, pp. Y1-Y0, Y44A.

Wu, R., “Clustering Web Access Patterns based on Hybrid Approach”, Proceedings of the Y- -A IEEE International
Conference on Fuzzy Systems and Knowledge Discovery, Y-« A.

Zadeh, L., “Fuzzy Sets”, Information and control, Vol. A, pp. YYA-YOY, Ya50.



