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Introduction

Clustering is a powerful tool for depicting and finding out the structure
of data, and it is also an unsupervised learning method that divides the data
set into clusters where the elements in each cluster have the maximum
similarity and the elements of the two clusters have the minimum
similarity. Clustering and outlier detection are interdependent processes.
The main goal in this article is to detect outliers to improve clustering.
Material and methods
In this paper, a new method for identifying outlier time series based on
GARCH model by exponential distance approach is presented in three
steps: first fuzzy and hard clustering methods are implemented on time
series, then the outlier time series are detected and removed from the
dataset. After removeing outlier time series, clustering algorithms are
applied for dataset again.
Results and discussion
The 30 stocks of the top active, lucrative and profitable stocks in the
Iranian stock market are used to evaluate the presented methods. By

computing the two Silhouette and Xe-Beni indexes, the accuracy of the
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clustering methods are compared. The numerical results show that the
accuracy of presented method is improved.
Conclusion
The following conclusions were drawn from this research.
e  The paper Introduced a clustering method for financial data based
on unconditional volatility and time-varying volatility.
e Both fuzzy and hard clustering methods using Euclidean and
exponential distance have been implemented on the studied data.
e The clustering results indicated that after removing the outlier
time series, the values of the silhouette and Xe-Beni indices have

improved.

How to cite: Ehsani, A., Alemohammad, N. (2023). Improving clustering by detecting and removeing outliers based
on Euclidean and exponential distance approach. Mathematical Researches, 9 (1), 1-29.

@ M | © The Author(s). Publisher: Kharazmi University

BY NC




I"l

>
iIJJ Mathematical Researches

L

Homepage: https:/mmr.khu.ac.ir/

Print ISSN: 2588-2546

Online ISSN: 2588-2554

3Ny bl p Oy Sy S w Ba> g (rudild 31 yb 3 (Gusadigs dgmee

G’LN 9 wa| 6‘41.»0@

2 oo JT downdti ougw ¢ il | autac

atiyeh.ehsani@shahed.ac.ir :asbl, .o\l 5l o)l 505 canls olfails sl pole 8uSails ¢ Lol 09,5

n.alemohammad@shahed.ac.ir :asbll, ..yl ,! oyl 5 cals olKails sl pole 8aSiails « Lol 09,5 ¢ Jgtums Boiunss ¥

oduS

alio wleMb|

359y bl 2 @ Joe ol 2 gy Sles 5w lolid Sz du By, S Wl (o

S8 5 5 531 samades sl g, lail 10,5 o ploul Al o dn j0 a5 398 0 Sl Lo glalold
Wosls dcgozms 3l g 0ols adeid &y (Sloj sy Gupw 0al (3lw ooly Sl o p
Jlosl ools dcgame gty alios sboybg, 0 )bgs Dy Sloj slas yuw Bis 3| s 050 o0 BA>
009 )3k 0 Sgzge dgm 3 g Sl 5 S BT plows jlond &)l glagty, (o)l sl ab salyS
w85 )15 4 sanadeS slahy; C83 (Sl g Saeke (aSLE 93 drulone b 3gh oe oolial o 5
bl g gadiigs hg, Dy ools Bdo b 0gd oo ooly lid Ll ;0 5 Wisd oo dunlie p2 b odd

D08 (6 0,8 ol glalold 0S5, wlul  z,8 Jow

g allie :allio gg5

VWAAL ANVA el 5o g ,b
WAV 16,5550 Zu b
Ve[ YINY iy gyl

VEYPIY . Ll g b

igoals slaojly
(Saad s>

5 Jow

Sy Sley Sl
el slalald o S50

sodldl slalols 5,Sg, Gull 5 Sy Sy Glas i Bl 5 auseidd G,b 5l anadsg Sy (VFT) sl e T tasdae ¢ bl 0l

NV A8l slaingn . oled g

DS

NC

‘5.::))|9> oKisls ).M:L:




¥ o o j Slos pw S g anddid G pb I guodlisS Ogugy

doddo .

S50k gy Geizred g Cosl laosls Sl 355 polas 5 (0iS pgal 4 (sl aied )08 (slaliwy Ganatss
g ol JSlas po b ddgs ;o 10 yolic a5 WS oo (et oladles 4 1) ool degemme a5 Cewl a5 g0y
GlgS 5 S (GaidbyS 139 g0 SESE g9 99 4y (ganads> bl adlb 1) cald Pl oo b adigs g0 polie
50 disgS o0 St (gaabeS |y (sonad o] ol atils 3l aded G & baid jaie o ganddys o STl
5 onadys 0,00 ol (65l guiade> (unadss ol Wil Blie adg: Syl Gl 4 pate e ST O ps0 ] e
L1y oyl bools Jdow )0 oo (gai> &Sy o0l auseis Al szs o0 4 dlly slbanlyd &y osls asens
T & sl 00 W3] 30l Jawgs a5 Ny ools iy yaS oy 5 s gedee ol oo Ssagn (GaAlsS B Dy ool Bis
il 25
4 sl aily ol salold dcgemms S )0 39250 Dlanlin Ko b aS 09l o aaT Slovaliv 4 &y Sloj (5

VTl ons a3l (6,500 p5lSe Lawgs oaalive () 45 Wl oo 3929 40 (2,3 ol 455 ,5bo

2298 (o diel Y 4 Wil oo (Sloj Slags i anaDy> slahy,

290 4 a5 Sl (2dly oy lacs jo bl 2 gamadigs slo gy Jalis 0 Susy nl ilanlive Gulul 2 gasaiiss -)
oolainl b Slaslice yulul 5 (ganads> o yhg, plo cpl pogdle aiiue sube e oisS Sloj slas w sy 059
VDT n s &y ol o @y aly g ouss asliss (6 o5l g, Sy a5 DTW (g Sojlail 3, 5
GHhSen 5 9oLl e Gloj Lo 3l ol 48T sla Shug lel 1 9,Sus, (nl i Sy elel p ganalss Y
Ol bl gamadgs ¢ all Claslie ol olaws Jols Sy gy SO ;l" aS wid,S o (Y--V) Jle o
Slp Sy el p anabss by, aiz 4 ead plnil Slidizd b " s prwlie 4035 T gl 052y Judo 4 slags
D9 g0 0,0l eyl ay 5 0 g sl Sl slags

(Sl asls sl Sy pelul sl )

(5 aels sla Sy el b, Y

¥V oS 9o (Sing ol 1 slo g ¥

Lol 298 g0 18,5 L5 )0 Sloj Slais p sl a5 plade Sla Sy ol 29,805, Gl e bl 2 ganales Y
Se sl aS Sley lags p asgame &S Cunl ol (5,8 5 05, (nl 5o S Guilly 5 (e Kle (oo Slo S 5l Hslaie

...).5)‘.) ‘SQ‘)LMA Lgl.(bji” loas A.J}: Jow

I Qutlier
2 Noise



) 1FoF i g/ 0yloss s 0590 « 8l 5 (slo it g 3

la gl Joe goile Bl 2Sle Galiwg 42 b ol 005 (0055 sloyielily (Sle bl 2 Joo sl Sy S
Joe 5l ol asg5 090 (o i willg ST Jg 09 o eolitnl Tleo )T Jowo 5l el s 4 Sloj (slos y a0 00 00ls
a gleal ploy Jsb 5o ol Sllugs ;i 4 azgi b o Jlo Sl oy sln gonadss 055 o0 ool Tg 8
IV] s ls conlin (s S0l oy ya5

Ganade> Dy (Sloj Slas pw (i b plejen a5 Ws S (Bpme ]y (oot IV 0) Jlo jo (e 5 SLabige
adgs Jol al o sl Al po g0 Jols (a9, ol il oo Cowd @ (65380 4> SThe i Sina 9 aR3 00 el 35
SO

SOy )5S 4y 4z il s j90 abgy o alig> STy S Jlaslin pgs al e 5555 e el © Sl K
olpiian (g, 4 wisls ylid cgtas 0old dcgaze duw p ialejl alil b rizren o] g o B il o
Dol oo o o) plo & s (508 slla ]

Ll i) (B (o (Sloj slais s Sl 5 a2 slp Sllogs Golol 2 ale (29, (V+ V) Lo 4o 55,57 5 50LlS
I¥] win,S o 1y e sl o 3o b oglis JSiin 5 005 (s |y plg 003 blogs s Aol 2,8 Joro 5l oliczal
S8 Sy Sy s a5 wisls &l JBa (ulol 5 (598 (gamadgs (og, (Vo)) Jlo jo () Ken 5 clmil )y
Sy Sbey s slalais hgy pl 4 by aes g0 el dles ;o 10 bosls dcgerme S bl o (guis ads>
D] sl asla )8 i J&s b olbcwns 10 a5 &l o ol 4

Sllugs gonainb slp g, @bl Joo bl 2 598 656 sanadss slo Joo (V7)) Jlo jo (35 g 990
D Sloy Slags e 5l 56 it 5 Gasi 5 Syt g Eol) 2,0, s ol ol 4l 2,50, s b lej slas o
IV e oot Sl laatigs 5550 1,

S ey Gl e sanade> L plojen il (5 Slee K 02,58 (3 S L (YY) o o & - Ssl s ol
) gy Ban w55 pr sl b b g oS Lol &y lbosls ()0aSs gl adlil adigs Sy yme b |
0,05 S5 Bl slaosls 5 egian sla sols 5 goae slasialesl ploil b (5T Jo ailes S (g3l a1 ool
TAT wssls las 1, solgriny

Sl S8 a5 gl oo (Bre )5 S olel 2 (Jbo Sboj Slas e 595 2 gumadsS Slaghy, 5l (Al (nl o

WSSy gt Dy Sloy slas L6 e 2IU 0 G ) o ]y Gl 5 (631 sunadss sl g, oS

3 ARIMA
4 GARCH
5 K-Means



4 o o j Slos pw S g anddid G pb I guodlisS Ogugy

wrplew aseis 10 oye )l yo MGk w4 lgs o a8 el )l golpiing unadss sla g, 5l eolaiul Cu je
ool (raly alolne Sy ) 50 1l 50 0Bl 4Bl 355 plas s (6152 (6 nlin LI b 00,5 S i slagSII L
A 2lgz 2eS dlo s yolo Caws 3l Jlesz! g
Oeizmed g Mg oo 0310 Olis )5 Jae psite (o Glug g (b pd Dlugs (bl (b (Sloj slags p allie (0l 5o
ge K ganaldiss 5 (cwnldl dlols 5l oslinl L )5 Jow ool 2 w9 -C (556 5 000K gaiaiigs slaig,
Sebee il adgl )l 5 pealie Jol Jad )0 wishi oo (Brme (pled slabold oS5, sl eolinal b g )5 Joo (bl 5
b b ganatos oy a4y pges Jad 1o 03l o0 Sloj Glris i sl alold (6 T o3Il 5 7)1 Joo 5 4y pgo Jab
Seslewl b &y Sloy sbos pw (sl pylez Jad 05 oo 510 5 2,5 Jow (wleol 3 oads cposs Jolgd 5l oolasul
Gadiss sl bsy (g 5lwesky 3l edel Cussas mls paeiy Jad 50 09 s Ol (2l SloaSLs 5 (ol oy e
03ls 18 Jedod 9 4525 3550 Glnl ys S5k )0 Sszge Sgm g JLb 5 <S8 Ve el p alis jo 0nd ke
Sgbon W)l (6 T Az 5 g id Jad ;0 Nsh oo
i S rw §lp alold 5 puSejlail g g1 Joo -Y

e 5 Al b Ky & el ol e (GlIs L g Gt loj atli T aS wsly by oy Ky Yy S Loy
145 5 y9b 4 Sl (Ko U (il)lg 9 yho (Sl b

Ve = HTE

g =u.Jh

WS g0 5550 GARCH (P, ) e j1a8 (b uile)ly Ny ol ) (il 5 s aSileo b s adgi a1 5 U,
h=y+asel, +.+ael, +Bh, +..+Bh, RR2

il 2) b 4 Joo (2l bogyd

i=1,2,..p & J
7/>0, OSai,ﬂjgl, . J Zai+2ﬂi<1
1=1,2,.,9 = j=1

o S b 5o ol s el Hho slalhas o Silis 5 5 Koy L3 SleMblay 7], 545 555 o8 77, = &2 —h,

by ) g0 le e |, gtz 2.1 doles 3 ool

2 - 2 2
& =T} +ht _7/+a18t—1+"'+apgt—p +:81ht71+"-+:8qh[7q +77t

P q
= th = 7"‘21:(04 +ﬁi)gt2—i _Zlﬁjnt-j + 17 .9
i= j=



\% 1FoF i g/ 0yloss s 0590 « 8l 5 (slo it g 3

o 120 55 =0 g ol 21> ST P Emax(,0) 5 el (P1,0) LT wnlib los o
slady, Gy » Gpdy i8Sy 5 @lb Jsee kld 4 4y Locwl f,=00 e
22 Jsopp o 1, &8 A=Bz—.Bi2; == BiZy) 5 (1—(a1+,6'1)z—...—(ai+,Bi)zi—...—(ap*+ )27)

DYoo 25 ope 4 a8k abal; ok 51 AR(90) Coltiig 455 50 5055951 Jan S50 & Blsicn

g = ++ Zﬂkgf_k +73, RAD)

l_;ﬂj k=1

Cowd 4y 5 oS5 alaly sl MA Jow il 0 5 AR Joe yel)b @ (ARMA(P,Q) Joe ,o ST 8,k 5l g

BV W e

q
mo—Y.0m ;=4 .k=01.. 5

j=1
ol pasb k<0 s17, =0 5i>p 514 =0,0 =1 ssi 0 I, sloyial b 5l allss (Y.F) il o
A, V] sgi o Jolo 105 Sygo a0 Ty LY gYY oo,

q
7, = (e +ﬂk)_2ﬂjﬂk—j
=1

S ailg oo o T ley o Sledlbl og 95290 4y bog o « t+1 obey yo Uil o500 Glluss V.Y Jogo,8 4y axgi b
SLol Sledlbl a5 cul IS log o brd e plog DN 058 e piie ooy Coond S5 g (b pd il Caand
g oo 48,5 oLy dul dolrs pl 1YY Aolas Loyl 8 Loy O] Cawods glp o lai a9 o] o
2 Y N 2
E(eln) = 3 +ZﬂkE(gt—k)+E(77t)

(1_ Zﬂj) «

VY Aslee by eé logi il E(p ) =E() =0 5k 515 E(8l,) = E(5,) @ble bulyd o 052

99000 ALdsi ) Sype

¢ ARMA



A o o j Slos pw S g anddid G pb I guodlisS Ogugy

E(5t2+1) = ++z7[kE(8t2+1) = E(gtil)(l_zﬂ-k) = +

(1_Zﬂj) k=1 k=1 (1_Zﬂj)
/4

1-35)a-3 )

e ley ologs ol 4ty calizes Sloj slaojl 5 lugs Sl i 4 a8 el SUlogi uite Hloj s ) jslaie

= uv=E(g,) =

psie oy Hlusgs 0,18 Kias 438 Sllugs 4 g 2 co Cawody sais samlie olas e alinl ) ggeme

V] AJGA Cawd 4y Adayl,
il 1
tw = (3 7¢)’
k=1

Sy Sy i loj g (b pd 2 Glugi (Gloj (e S adlie g0l jelate 45T wSb oo adlie g0 Il Sloj 5w 5o
Sllog g oloy s 90 by e Sllug o Jeolsd ggame 51 Sloj (5 39 crm alold (0,91 Cows 4 (glp sl
Cool ooy ooliial gl o a8 5 L5 10 Wy 5 Wi slagyys Jolsd cnl 5l plaS po sl &5 Gloj 6w 99 esie (o)

29 s0 6550l 05 o 4 Gleg 5w el g el galols ol [V

d. =[w (v, —uv.)? + W (tw, —twv., )2]% (v.0)

Cand 5 Gy e 90 Ghyipd Sllug ol alolh mpe (UV —UV )" eend YD Uslas o oS
(St ol Lnailsn (359 Wy 5 Wi rmizmods 5 (ila) 5 39 e (o Sl quutalil (salold gya (WY, — WV, )
S 75 039 ioms 3l 03liinl bzl Cosd 0 850 93 4 il oo Waadlhe (59 e e (o) g (b S et Sllugs
lie (uualsS (hg) 5l eslitul b () (62505 e Gk 5l b axBl Sul Sl (ed Syge 4 B
09 g0 4185 515 50 ladlhe ()9 sl 5 Lulpd [V] Wi alns

w5 S il ol SYlazm] gazme by ol b 45 Consl cl Jloyi daalps 51 jabane Wy Wy =1 Loy Lyl 4.0
W S 1=Wo s 3 s ol e ol e

WL W, >0 asies cuie o lgen adie 059 .Y

VT Slos a3 5 s jo Wy = 0.1, W, = 0.9 i (] ,0) 095 o 438 ,5 JLai o 03 Lyl a9 Ll (sl
el py sl S s YO Aolee oy, 4 alold 5 . Soslal

IV s 11 1) g 5 )85 oo (dhie o slo Sy () ol S o alols ] =)

el o BB (595 18531 5 ol b L 1Y



q VFeF oSl oplois o 099  25b 5 (L8525 2

rSally 5wl Sglite jsite oy Sllugs Sl 5l aslys oo wiins alie (b je Sllag )l 5l a5 Sloj sl yw
@ snlp S5l a5 285 an plg el aiil ails SLSy it oy 5 (byd e plugt Sloy s g0 S
50 syl g 7 coli el adsi wnld o o8 ol (Sae G50 10 Sloy s 99 @ ol @l o it
25 4z |y Gless s 50 @l sled Ol Lyl sled D90 g cnlpl il Sy )8 Jae 50 sl B
& sbailye 23U cow ananss sla s 5 @l 1 auil Sglite oo b anlyice Sloy s Job (eies

i IS8 556 gl ol s 5 et Gloj (slags s )5 Joa 51 ol e
03,91 Cows 4 Slos s yw alold g0 4y 50 i 00ls Sy (6w 90 (s alold 0590 j0 4T Slrisgs jleslatul b >

gl oo il ool Sloy lagpw podd iy pai Jolgd cnl bl g saalis> sla bg, g 09 oo

o Joa bl 52 000 (yrts uolgh 31 olikan] ) gz (slobg, —F
oo olol 32 g, (nl s 5 00 (Byre (2led 3,509, 5 55 € 5 531 sunales o, bl Jad (5o
ol 2 38 18 5 5B (sanadisS Slaghy) (Byme Sl Bun Wgd oo iy (cwilil 5 oled alols Sl eoliul L g,
osls a5” s oyl SYL CB g &y ools plp y0 g,y ool e o, Khee ol oyLis led alold sl oslnl b 7,5 Jow
el (cwd Bl alold b gomaiigs slo jhg, 4 Cond 35 o0 B> Wools 0 5l
sloosls (Sl jlaie 35,5 a0 sl a4 W K somaigs g, yo aggae K gussddies yog, Y
Calid oanled (pl & oS (obbosls 5 ogl aid)S i )0 adigs S oaled plgie a4y Wilgi e ool o aligS )0 S99
g ools o oy alold 0 S oS ganades cpl 0 Bus WS oyl 8 Algs SOy W) (g eS albls gle 4 ils
Dl oo S ) Jge 8 bawgs ugae —K amdigs by, Bas wli .aib oo w)ls Glas T 4 4T glaigs sules
N C
mian—medoids = ZZHXI _Vc||2
i=1 c=1
155 oo bl ) 9o g K gunates g, w68
e o adBl alold sl oolaiwl b o 098 co a8 5 a5 o laadigs adgl oosles ylaas as 1) ools K laosls acgozmo 5l lacol =)
g oo 00l 1B aden G50 X ISHo5 edisled ol 4 a5 Slaesls ‘||X| —Vc”
B9 oo Sl was soailad laie 4 slosls aligs a0 89290 slrosls o 3l JI> Y
e 31001 oo Cewd 4 waz susles Bas 2l jlaie wgae -K somangs by, Ban &b 5 eolitul b o Y
Sgu g0 418 )T Al 15 abe> sailed (lgie 4 W sanled Wil 2S5 L8 susled Baa 1l 5l aas suled Bas U

DAl sls (bl sonasg &gl b 40 00, S o ¥ Al ye 4y g



\e e (Hoj G v S g patdd G 4b I sdbadisS g

13Y Lo jo (ulSen 5 oyl )5 bawgs ayg00 -C (55 sanadgs tangie —C (g3l guivadips (g, - .Y
Bl oo 25 Oyge a4 Lgde -C (g5 samadgd Jos Bus &bl oals @il
N C )
H m
mlnffc—medoids = Zzuic ”Xi _Vc”
i=1 c=1
WOlbge gy Dyge dr Ganale> by ol et sNl
wools Ciatigs 1o oold o sadgl Cogac i S5 olawd p yien daades slowi « Mgl co o o =)
AJ?.M}LSA ul.?L..a‘ LQMP 4...19‘ 3;.\...|Lo.| ub...c
Cogas 4,0 ke w958 oo Dbl o soailed Glgie 4 slools dliss 12 10 35290 sosls o I > =Y
1

il ces @y = S &b |

i[”Xi _VC||2]H

Sl vl

S .qﬂu_a Cowd 4 Wz odiled Bua &l ke wygus -C 536 onasgs Jos Saa &b sleslatwl b s =Y
a3 )3 las jo adg> sailed laie 4 was saled bl S5 eS L8 sanled Bas Al 5l o sanled Bua Al ke

DAl alge bl sanadss Dpso nl 0 00,5 o0 Y aAlo e a5 29 0

O Dol b g caalids lhae a5 ol alold (5,50 5l0) Jlre caalids (6,031l lre 1y 50 )5 5 1 ot Lo Alold - Y,

&b Jb ol bl oo S yie galold cp iy g o soad aislil cwall galols wiS o 6 ,Soslail | alads go

oSy, 5l (oSS ae w93 4 Dy slaosls gl slalad jo sl (San  cwd Bl galols 1ol Cews 4 Ban

D9l oo iy yx D ygo a4 aS Wb o gled slalold 0,55, 0 1o (65 0 Sles Dy 0ols plyy jo a5 Alold (6,505l
d(x,y) =1-exp(-4]x-y[)

5o Calud g pSoslal gl dols cpl 5l les co 5 ol S e alold S cwal Bl alold wile jo ol dlols S,b

DF] sgas ooliil ganasss sla s,

i) 5 590 pled (glabold 5,5y g) 3l eolisw! b g, Joo (bl w900 -C (55 guivadsgs -Y.¥
Sllog samaib oy sl glalold o S0, 5l osliinl b 7,5 Jow obel (658 (amaiss slaJos YoV & Jlo o
a5 ab am N XT ) 5l SO Y S (6,3 ailoads (5,8 <ol allis cpl )0 Wy o Wi V] wisls ) Sbej slas

7 Garch-E-fc-medoids



AR TFY (Jol o ylos ot 0,90 o 0l ) slO sig 5

Yo o Y

y=| . . . X,
Yne o Ynt Jner
uv, twy,

v=| . : ¥,"
uvy  twy ),

azgi b aies (Sloj gm0 TW sz loy wlilugi pgd (g 5 UV by Sllags Sl g 7Y e yile 5o
(olos sladold 5 gy sl ooslainl b 7,8 Jow (bl 5 aygas -C G5B gandder guddgs Jas ,o Y L bl
Uoleo ulol y alold

AW @—uve Frwp et 3

1—e x.5

N & 2 2,2 2
mi — m —BIw{ (uv; —uv, )< +w5 (tvy; —tw )< ]
InfGarcthf fc—medoids — z l,z ‘,uic [l_e I © I ¢ ] .5
i=1 c=1

JaxsC dassls Js olass N g 95 g0 00l Liily, Jawgs plC (gadigs> 4 ﬁli Godld Cuguae e gadade> (pl 0
s G, 145 el Sl 5 St s B s BIC s 35y (W, TWV,) 55306y M 5 oy JS
ool izt el dnloe oo 0 oo o 4 lesls il )l
Slos o W g UV alols Y Jgo ) 525k 5| G 03,5 coso a2 1) (5o slas o W g UV (:S0lis
D 08 o s Sloj sl JS 3hass ool s @ i (bl 55 5 03,5 amlone LT aSile L,
aigh iy Sype & TF Jga)d 5L5Y b cenl 35,50 (56 slo sanangs 0) Cogae i g alols B jlade

Cow!

NS - 2 (uv; —uv.. )2 +w2 (twv; —tw )2 <
Lm(uic12“’W1’W2) = ZZUIT[l_e ﬂ[mﬁ_ (U| u C) Z(t i t C) ]]—A(ZUIC _1) (Yl,a)

i=1 c=1 c=1

S &y Uig &g ko (palayf ) ol DB Ao b G 5 950 g0 4288 Fitiod 5 Uiy Ces V0 a8 1 ]



\Y o o j Slos pw S g anddid G pb I guodlisS Ogugy

oL, (u,., A W,)

_,3[w12(uvi —UVC)2+W§ (twi —twc)z]:I _/1 — O
8u

=0< mul'[1-e

ic

oL, (u,

'Céﬂ 0<:>ZuIC (Y.#

U, - (%)m—l[ .

1- e—ﬂ[wlz (v )2 1w (tw, ~tw 2]

]”‘7‘l (Y.v

lge Sewd 4y 5 Jge 8 YV 9VF oo 90 wlal 5
(¥ /\)
1 L A 1
ml m-1l-1= (=) =
) ;[1 eiﬂ[wlz(uvi7uvc)2+""%(twi’twc)2]] (m) & 1 m-1
Z[ ﬂ[w1 (uv —uv )2+w2 (tw —tvv ]

129 g0 4yl p5 D)9 4 Uig dng A TA 5 TV Jgo 3 g0y azgi b (3,1

1
Ui = 3 (v.9)
1_ —ﬁ[\/\ﬁ (uy; —uvg ) +W2 (tvy; —twv, ) ] 1
E [ e ]m—l
—,B[Wl (uv; —uv . ) +W2 (tvv; —twv . ) 1
c =1 1_ e Cc c

Codgazme b calie slaadss ar ools 1o Cogac e B,k 5l .l laadgs slaxs goasaslisC’ =1,...,C

c
c=1
el Oygo a4 sled alold jleslarwl L 7,5 Joe wlel p augoe -C (65l gamaiss by, w65

03ls € g adgs o oold o sadsl Cuguiac lie o)l ST olawd o i Ly ke dadliss dlasd (o518 oy g =)
Sy 48,5 a5 )5 e dawgi Wy g Wi jlaie g oules C Jols uile py H o g boatiss adsl goules olgis &
Jsord sk 5l el LS5 slass sasmsylas $21 a5 gl (H® sl alo o ol o =Y

7,8[Wf (uvi 7uvi. )2+W§ (twi 7twi. )2]

N
q =argmin> ur[l—e ] (¥-)

1<i <N i=1
odigles 4 a> g5 b laadigs 4y 0ols Cogac (e Y4 Jogo,8 5l oolainl b e 9 993 0 39, & c=1,...,.C » &I,
Dl Cawd ) Ay o o
2 S0 ol b 53 05 e iy i sl a3l i S 1SS sl b sl HO = HE sl Jlaae 51 -y

[V] QQ;GA){Y a.l.’>fo



VY TFY (Jol o ylos ot 0,90 o 0l ) slO sig 5

Ganabg> Joe Bas b [ cwdadBl galold jloslaiwl bz, Jowo (whe! p aygie -C 531 guvaiogs -Y,0
N ol ol 5l oolitnl b 2,18 Joe wlol p wgae -C (56

1
((uv, —uv. )? + (twv, —twv. )?)? (¥. 1)

Dl or Cawd @ ) O g0

N C 1

H —_ 2 2\ 2

mlnfGarch— fc—medoids — Zzuirg ((UVi - UVC) + (tvvl - tvvc) )2
i=1 c=1

Bas b Jlade (ST osd g0 SLl Aligs 2 am sailed laie 4y 0ol G aligs ;o 10 39250 slaosls (o 3l Hua
28 53 gbioe ad)S I 55 adeS 5 5 lgie 4 iz suiled il S sS (S sales Bus b5l oz sules

IV sl oo bL gomaigs g0 ol

aloz 5l aS gamddies ol o :w.\#‘ ‘54Lal.§ 3! oalasw! b G)lf Jee u»l.w‘ 2 9o -K G gs -Y.r
L e 098 o0 Bl aligs adsl sasles lgie 4y ools K laools Acgazo 3l g, o0 Hlad 4 Cow sldganads
Bas ol Wgd o a8 S 18 ales G0 WSO P ealel (pl 4 aS sleesls YV owalddl alols 5l colal

:.\Ju.a Cawsd & 5 Jg0,8 Lasgs ¥ cwadBl galols 5l oolawl b z )5 Jaw Lull 5 asg0e K sonasgs b,

N C 1
minfGarch—K—Medoids = ZZ((uvi - UVC)Z + (tVVI _tvvc)z)2 (V'\Y)
i=1 c=1

Alhg> & )0 3¢90 sesls O )‘ U S u"L") u;l.&u_g,.u o UL") A—Jl)LMJjJ tWI 9 6’0)‘“)"‘; A_Jl)LMJjJ uv;
Al 8>S L8 ounles Bus b 5l was casgled Baa ml lade (ST .048 oo Sl wax sunles (lgie 4 glosls
dlos ObL (At ©)go (nl 8 )0 el oo 48T Ha 13 AlsS 55 e Gleie 4 oz Banles

L sanadss onl ot pled glabold 9,509, 3l eoliiwl b )8 Joo (bl » ugae -K gusualigs —Y.¥
Vol lalols 5,505, 5l eoliiwl b z )5 Jow elal 5 dugoe -K ganades oy, Bas ol V.Y alols 5l eolarul
Wl or Cawd 4 ) Sygeo

N C 2 2 2 2
- _ —BIws (uv: —uv_ )< +(w, )< (tvv; —tvv_ )< ]
mi nfGarch—E—k—means - z l,z ,[1_ e * I ¢ 2 ' c ] (V' \Yl)
i=1 c=1

8 Garch-fc-medoids
? Garch-K-Medoids
10 Garch-E-k-medoids



\¥ o o j Slos pw S g anddid G pb I guodlisS Ogugy

Pl 25 5o a4 el glalols 0SSl eolinul b g8 Jow elol 2 sugie K ganadgs (39 o 5!

W, Jladie g oaisles C ol ol oy H g Lo jlade daasgs gl sanles ylsie 4 00ls € o)),S5 slaws (s i =)
Sgbee 485 L5 55 Gize g W,

Jsob b 5l el LS5 slaws goasmspylas $21as ol (HO® Lo sl alo o ol o =Y

(= AIWE (v —uv. )2 (W) (tvy —twv. )2 T)

N
g =argmin> 1—e (Y. %)

1< <N i=1
5yls Glas gladgs s eols o 0gd oo ools lis Y dlols 5l eolatwl b o g 09 o0 j3, 4 C=1,...,C 2 sl

Al asls asgs T soules B 1) alols oy 1S aS

Sigo ol wd 50 edse GiByie wiysSl Al (p ey S LSS sl b, HO = HE™D st i 51-v

Gy Pl s st -F

SO Dy Gl 51y oo by pd g piite loj Slilugi 10 D (Gloj Sl parsiis (sl dllie ool )
ol odls Lo g au3o0 jglate 4 5 5x80 (goiddgS 48 9] Cawd 4 Bad g, (pl 50wl oo eoliiwl ools o
Pl Cewd &y Sygeo s8I Gl (g3lonly W
03,5 (53lwesly adgm 1o oles e (10,51 Cewd 4y (6l ool degarme | (sanades (slajbs, 5l plaS o lazl =)
4 00l (g5l (gaialieS 10 0ed o0 03 ,9] Casd 4 abogpo Aligs 35 10 B oold ,o alold (WY Alols 5l eolitwl b e
IV] sl asls asgs ol ar |y Cogae olime o yidas 45 Coul et slades
ooly lis (plCaLes jo alold -y i) dcmax L QT g bl alold o min dde> 1o 10 3990 Juolgd po 3 -Y
D9 50
alols gau Sl o 1) Jol Al o j0 00ls jo (5l oael Caws @y alols Folidl &y ,5iSB o ,5] Casdds g1y s -

feS (oo el ddigS (] )0 39250

cooelBl Alols b gunaiss sla g, (sly )

0 = [(uvi —UVC)Z + (tWI _th)Z]%
' d

cmax



\O TFY (Jol o ylos ot 0,90 o 0l ) slO sig 5

o8l Alols b ganalss slaybg, slp -V
1_et BIWE (uv; vy )2 +w3 (1w ~tw )2 1)
0 = 5

cmax

S bs,y ooles sl alin] jlade allie ol ,0) VY] 0.5 o as 10 0 8ogame o slailin] Gaze al>po ol yo -F
Loy 0 el 5 Syge Dy Sloj Slacs e pariS Syge (al )0 (el a5 A5 0 s A ganadss
el sladold 8,5, 5l ookl b g (w8l alold sl oslatnl b 7,5 bl 1 500 K sanaigs g, sl =)

1 S0 <T
Vi = 1, ,N Uje = (f,\)
0 )f‘ 0; >T

6..».».13‘ alols )‘ solawl L: C)lf u,uLw‘ 2 Rl —C Lg)L‘B 6..\».:4...)9} (5LQL)‘J5) 6|).: -y

(A
1
1 Sl 0; <T
¢ Ly —uv)? + (tvv; — tvv)?]2, Lo
Ujc = { Cil[ l]m_l
[(uv; — uve)? + (tvy; — tvve)?]2
l 0 )fl 0; >T

lod slalols 5 Sy, 5l oolinul b 2,8 ubol 5 sysie -C (g3 (omasiss slass, sl =Y

( 1 _
! c 1-— e~ BIWi (uvi—uv)2+wi (tvvi—tvve)?] 1 s o =T

Uie =4 ZealT T e it (¥-¥)
LO 15‘ 0; >T

b5 L 50 Sy Sley slas pw abaii ()T all it ool Gead Bl lade 51 (Sobl @y e ST (g, 00l 5o
Sy Sloj slacs oG58 8o Bl by, ool Sl @dly 10 058 e e abais ] @ o Cogde &2 )0 (e 5 09d 0
2525 (g dnade sla gy byl 3 Ban VY] a5 o B> losls degecna 5l 5 paniets (ganadss anlp > o
S (gaaiod bl oo o lp .Casl ganddss sl g, Jawgy ol colm] sloadys LSl i g
Caled pas g ade> (49,0 slael Cald lie 6T oWl )5 (oaw aslh (pl sl 0ol (Bpme (Folite slo)lns 5

gy S dbml 1) leades o pled (p i b ades (49,0 bl op s a5 by, (plply i)l b o



\# o o j Slos pw S g anddid G pb I guodlisS Ogugy

soliiwl (somadss sl by, 2bs)l slp Tsrhiw o 1 s asli 9ol dlie () jo L0gd ce 48,5 a5 o wlie

Sl 00
o 45 7 Bee A5 oo (SO pid )] a4 aS ol gladgS 9,0 Alols S 1S O ygo sy patls jo r gwly - F)
S0y e 4 gl Jlade ;a8 ax o wols g aligs adeie slasd gl 0 eS o plax |y el 3500 90 o dlold o pe

L] ol a8 5 alonil (6 52 gomsaings ol
i 2 U-m Xl— efﬁ[wf (uv; —uv )2+w§ (tvy; 7twc)2]
XB — c=1 i=1 © (ff)

2 2 2 2
—BLws (uy, —uv. )<+w5 (tvy, —tvv. )]
1 c p cq 2 c p cq

N <xmin__,[1—e

bl sl arls (gl alo Sl b P# ] &5 ais @l ahss S Cog el P sy 5 Cp
Gamals> by lp mly (s )l 9 )8 s S analdsS ety sl bl cwl (556 sanatg>
0] 59 g0 chy o5 abogs o (58893 3550 b ools o Juolsh (5 Silis &0 4 Zas

c N 2 2. .2 2
—AIws (uv; —uv, )< +w5 (tvv; —tvv, )< ]
E E :I e 1 1 [od 2 ] (o3
XB — c=1i=1

N (f.0)

) laadgs 3510 B ool o alold couw slagonabss ;0 Goplow Jlaka 10,91 Cawd 4 (gl I Wggdbumw (2L —F,Y
58 o gomaigs jo bl aily abed ol 35,0 B 1) alold oy 1aS aS 5 ls 3las glabes 4 ools 03,5 (5 5ol
Ol ) Cogac i oo yin a5 o jls 3l gladgs 4 ools wo gl Caws a4 ) laaigs  oles 4 ools Cogac lade
ALl ol gesysl caws arly wls 13 al P adss 0 a5 olacsls bosls o alold (1 Slo s oSl atils aligs
diq L1y ol god,gl cans asly aijlas )13 abgs o 0 a8 erosls Lools 12 alold (1 Kiloe o 058 o0 00l LS
bz 9 3 SGoy b r:li oals wlid pac caiws lis a4 el diq Slode Q%).’;.Jbip Sgd o ool s P#E(Q S
plol (6 (gamalsd ol SGop U A Ogpliw Jlade 08 4z 2 wols g AlgS astin slasd gl p ol lion
e e 25 SDypo (65 58 Sisplens e el )5

-_b-a (F.5)
max{a;, b}

Si

1 lioe Cews w5 Oy 4 Eo slaganadgs (0 Ganabss J5 Soelw jlade

11 Xe-Beni
12 silhoutte



VYV TFY (Jol o ylos ot 0,90 o 0l ) slO sig 5

7
1

n

i

(.9

] o0 Cewd 4y 5 Djgo 4y (631 b ganalsS 10 gaal: IS Sggliws jlade

i _uiq)asi

s == (va)

(uip
1
1 N
Z(uip _uiq)a
i=1
[f,a] S| ;S; ﬁ‘ﬁ LDJT 9 S W}»A.C uw.’)JLo la“ 09""“ 5 aj)).: wya.c u‘).uo Cee9d g u’.ﬁJﬁ‘ Uiq 9 Uip (:9‘5 O

S jlwaned -0
e cul )3 oad zrhae (ganadss laghy, <ds g 0Sles 2l cexr Sldlae iluand 4 Cwnd nl o
Acgazme (pl )0 09250 Sloj slaspw loads JSis VYooo Jobb L gloj sy FF 5l laosls acgasms 05i o aSlo
B 9l d g0 bas wib oo Shoj slas p 5l oz adigs g0 ol > ol iloass adg > S wlal s loosls
Syehl b gl by adss (s &5 Cwl Ojpe u S cnl 3 adg Wy, sl (gleant it
sy, cds b)) jshie 4 (Wl GARCH (-5, 2,-Y) lawg alded (pegd odgs K, g (+.F,0.¥,0Y)
a8lol ools dcgoamme 4y (Gl gloj sy Lo 00ls I jelate) Oy ools Vo allis (pl o 0uls 7 )lae guualie>
L oo odgs Sloy 5yme OF W g UV i o) Jsaz jo Slalllae g5luans lawgs ool adss slaools .0gd o

Sl o ooy isles ¥ SS jo Sl oyl

& Wlho ilwands ;0 sud gl @y osls g edld ac goso ) Jgo

tw uv GARCH(y,a, ) -
. N
L ¥e1q . 5YYQ GARCH( .¥,- .Y,-.Y) Vasgs (I =),y —)
05D ADAY GARCH (- .f,- £, .Y) N v
Yasgs (Il =—+),.,N)
Y
« AYD EARYAM (oY) ¥ ~N O P R P FSC
o ~N Ao 0
f~U ¢ \v—o




A o o j Slos pw S g anddid G pb I guodlisS Ogugy

os

ol ddgi Siloj g W g UV jlado ) JsCis

&9 ol o el Jlade NG oY, 0) =S 29 1Y el Jlade cal S Cdl yo Dy eols ades (6l
byl slp ileas adg @+ <) U W—a) 316 a9 5l el Jlade 3 NE A0

V dgazr 50 Sspdew 5 (Smly loadll jlade 0sd oo eoliiul sl 5 Ssplew Glogazli ) gonale> slabs,

Sl 00 00l UL.M.:

Gowaigs s gy Ul sasls jlude Y Jous

o>
&y 00ls -

<= sh gt
SARL Y A o : .
. EasS SIS . GARCH — K —medoids
coYeY | cASEY . .
YYAaY | - asAd .. GARCH - fc—medoids
SASYY | oevaed : .
L yysy . svAa .. GARCH - E — K —medoids
SARES S ERWRL 4 . .
vsy |- yagy .. GARCH — E — fc —medoids

Jooz & azgi b og aalss lio g, ol il 28258 (Snly 9 25 )5 Ssphow (a3l polie (Gig) S0 0 azye
Sy 00l jgia> pae ;0 cwddBl aAlold 1 eolatul b 7,8 Jaw wlol  Sgae -C (536 (ganaigs iy, ax ST .Y
009y ol Dopdw as Ll Jlade &y ools 1509381 L Lol el lo |y ooy Jlade o eS g Sggdw (Ll Jlade o i
sl (6ol Cawlus &y 00y jgam Ay ol (g, (pl wBs oo lid aS el oad oy yiion Sy (el g (g yieS
ol 2 900 -C (536 5 gae K guialigs sla by, 10 45 (50 50 D9 ool Cgmia (588 b9, ST 4z )0 g
=i 9 S Oapdew polis (D y 0ols jpam pac 3 Az g Dy ool Heax 0 Az oled alold jlesliul bz )5 Jow

Al os B9, 99 el 909 (688 5l lad aS (el Sl Jls L g0 ol polie ;o Dy ools g_alj.ul; b slg syl SoeS



4 VFeF oSl oplois o 099  25b 5 (L8525 2

<y Oldlas -#
b ol slalols o,Sug, 5 (ool alols 1 oslinul b alie (ol )3 0ol rkae (gamaliss o by, Ao cnl 5
Sy 5y 9 JUd i ST plow 6l By Sloj Slas i g ualsS lahs) plea bl S Sloy slags
wd)S 5k )3 WWAA Jlo (022,98 GTAY Jlo 009598 5l baplews (nl oS (o0 umlie Glnl (yg 51k )0 09290
SR e 5 allae cpl o asls J13MT Gojsr Sl cole jo dllie cpl jo aid) 15 4 oy slagsymw (ooled iloas
2 sW = 0.1, =W, = 0.9 sy sloailie sl o oolitl saisdiys b dunlio gly inl) 5 Dsplew asli
a3 )5 eyl gesl loy slacs e 5l IS 58 (sl lasl ool ot 438 )5 Jlai 50 M=10 56 o i (58 slasng,
R ssile bl slo 38l e o ol (5] Sl (b s Slilogs 092y pas 1Sk 95l nl )9 Sho (258 050
03031l p wogdioe @l Jlaixl e b 4y pasls (sylel (28 (03] Az ) Cond (555 el 0 Egtes (s
Sloy G ol 4 Glgi e Azl 40 g oal 0 Hho (o8 Wb (¢, ), e 0) W lade ) e Y L] lade S
(L) Lyl ol s el » GARCH (Y, Y) s GARCH (),1) a8 cglicis g95 90 51 s 0l i3l 2,5 ol
SAIC Jlais a5 )8 slaanT 5l plaS o .ol ool caws @ 5 anl s g0 "WBIC § VAIC § ous oolial
93 58 50 Gloj s Ve BIC GAIC jlais ool canlio Sl (s sl @8 anl b o] wib axsls 5 BIC
Ol o Y Jgoz s azgi bl sad ools ialed V Jgaz 10 &)1 aejl 5l el s a0 Jlez! jlade g 2,5 0l
Sln @l Jue plgien s yoS @ o 5l Gloj sl yw (olai )T 303 5 oael Cenws 4y Jlaz>! i o5
5 GARCH (V1) 51 (1,7,0,5,080v.0 8,77, 77,70, 7V,v+) (iloy slos s By 5l 0,5 (gilwesln Sloj slags
&8 el jlade .08 o 65, GARCH (YY) 51 (8,748,011 AT £00,0A, Y+, 11, YE, 15, 74,19 (siloy (sl s oo

ol 00 00ls oled ¥ S 10 90 Jgoz j0 Sloy sl W g UV jlade 5 F Jgaz 10 sl Sloj (5

13 tsetmc.com

14 Arch Test

15 P-Value

16 Akaike Information Criteria
17 Bayes Information Criteria



Y. e (Hoj G v S g patdd G 4b I sdbadisS g

S s w C)i ug‘o)i 3 ool Cawd & Jhoo! jlade g z,8 6|.DMT)3 BIC s AIC ,ludio :¥ Jouo

GARCH (Y,Y) GARCH (\,V)
Jlez>! jlaie

BIC AIC BIC AIC plow oles @,

—fYAYY —f¥vy\vs —f.fvar —¥.0-A0 Jss )

—Y.avYYA —0.-\#F —=f.Aavvy —0.. - 2Y olxs \

—0.Y+\14 AR —OY\YF —O.YfYY obesb ¥

—0NAF CARRYA —0.Y-¥Y —0.YYYa oolees ¥

=027 —O£YYA —0FFA- —OFYYY JuEY 0

~~~~~~ Y —f.yfva —f.YAPY —f.yfay —f.yvAa JyRyes 12
coee s AVY AL —=Y.¥fia —#YATY —FAYY SLails Y
SRR & RN —fA-2Y —YrYAY —¥.2YYA Syl A

—fa4.7 —0.-vYa¥f —faria —f.a0)- oo lis a

~~~~~ YY —0FVAY —0.20Y - —0.0A¥ —0.£-20 [T Ve
YYY¥ —Y.Aa00f —Y.aarf —fAafy —fav.f R N
<FYYY —0.0AfF —0£YYVE —0.0%\Y —0£Y-¥ JRES VY

0 —0.\YY0 ARV =004 —0NAO- b WY
ceeees YA —ffv.s —Y.foaf ALY —Y.fovy by Ve
0 —OY-YY ECAARK —0FATO e AANYS Labs,s V0
SRRV AWA AR —0.cYA- —0.- OYY —0.+AYA Bl Ve
0 —Y.2AQ- —Y.YYYA —Y.yavy —¥yveo oglus \
~~~~~~ Y —0.AYYY =08 —0AYYA —O0NFY I VA
0 - - SRR AY.Y —¥f.yfvy obesSs 14

0 —f.0avY —Yryve. —¥.OAYY —¥2\YA Aoy Y.

0 =Y. ovy —faays —f.fa0 —¥.AYAY b, i3

<+ ¥.2¥ —f.yfay —fYAM —Y.0APY REAI b, YY




1FoF i g/ 0yloss s 0590 « 8l 5 (slo it g 3

mAME —¥.YAOA —fyey. A ARE Sg5g Yy
AN —Hyayy AARD —OYAYF e ARIA ISYES b
AT —0.2YVA —0.20VY =02 D 5! Yo
R RV —¥.-o1 —f.--A —f..v\# —f..7v Laly \id
EREAAN —Y.yfaf —Y.YAAY —Y.yoag —Y.YAAA lpbas Yy
—0.- YA —O0N\YF —D.A-F —0.) -4y Lol YA
—f..vfr —f.- Y0 —Y.oYsY —Y.0004 655k Y4
<oV YY —f21f0 —fLOvY A EANAT —f2080 &5 Y.
Sbo3 s @)l o lade :F Jguor
P, Py a, * 4 plow slod |2,
- £AYvast-o - FARMNA S eV S \
<~ OVEAND |- DADSYYY c YOOAAEY |eieoees va olxS Y
- < YAVY. . X - S VAVEAQY oo e e cAYR Lol | Y
S s YAVAY [ FOVYPAF | < AYVY-YE |« Ve F00) oo e VOV olaeg | F
_ < ASLYYYQ - SAVAYYSY JeieeeeQV] L5 O
_ .q-9Y-y- - S VVOYAPA e e e e e MY g0 | F
cAOBYPYE oo e e e ADD |+ .+ - YAYAY [+ .« AYYOYAY Satly | Y
< £V OVAY + YAAEZN ¥ et MY ST | A
AR YA O 4 < XO07AA0 |- .- FYAQLOA ceef ooyl |4
+ YAAY-QA cOCAAYAY | Ve NERY e e e oo X bowcls | Ve
R VI OAFF YL VAN PYA e AYONORA e e e FAN L s | ))
AR A1 £ RN A A 0 & i fATAY IR Fop-¥avaary e FOY) gy | VY
AR AN cXYPONNE | cAYYOVEY oo e e FOY Obgd | VY
< OF2-07F < NAUARVY | VaYFasy |- e - 1YY b V¥
o YAFY NP e T -00Y-2\Y | - FVPOVAY |oe e v v PAY Lile,s [ VO
- < fY-favy - S YAAFANY oo AVOL s V8
- < AYOVO-Y - RAAMAZER! ogluS” | VY
<Y AVFAY | FAFRIAT | FEYAVNE | VEVAVEY o e o ¥RV o a | VA




e (Hoj G v S g patdd G 4b I sdbadisS g

- < AFYYYAP - N L8 2.1 2 PR Y| ol 1
FAANRYNY . SYEYAY | ATV BT e e VPR aing | Y
SYYYFFA oo e oV < FYYFAQY | < VAYAAVA |eie e e YVRAL oS | V)

- NEREL 2 7 — e DAAYAY Yoo v ve e Ol b, | Yy

- <.Yyafayy — SYYOAYA [ o $VE| 15y | VY
CEVEYONY [ eevvenn V[ -.¥F09398 | - AVPYFQ. ool Y e,y | VF

— < OFYF-AD — CXOYY XY | veeeeTE 55 Yo
A ATARL AV . S YPAPARQ | < APAAAYY e NPVY Lty | VP

- < YYAYYA4 - CXYFFN oo YAD| Laas | VY
MMM S RIS VI AYAAYAR |- AV-N00R e oo 00 LT | YA
< AEYSVY . e QVEVYFY | e Ve VY| g3l | YA

- <AV -YAZD - AACRVAIERER ARV P SN R

T T T T T T T
00000 00002 00004 0.0008 0.0008 00010 0001z

w

Sy s w W g UV lado:¥ JsCo

b3 s TW g UV ludo :8 Jgus

tw uv ol slaslcys | tw uv plow olejiss )
<YFVFAOY| e - - VIVAAASR Flps | V# < NYOAYYYY cee e \YY K \
<NV Frep ceeeees ¥ oglus” [ VYV | - FYAIYOY s e o YAY xS | Y
SO ANVEVY| e AFYYAY L o VA S VEVA N e YEROERS | L | Y
< NOYVYFY RN A ol |14 CARS (VSN R RIATAN Oobeeg | ¥
CAYYYRY R AR dopg | Yo | cYVVOFA] R AR JUES I N
SEPTEVEV] oo VVRBOY | gl [ Y)Y [ CAVYYRAL e AYVANNY 0 | B
< NOVATYY IR \4 ob, | YY | < VAAYATY . Slaily |V
< YYA99AY | e eV VNAY By | YY < fa-fAQY| .o - YAYVAYY Shls | A
< YOYanty R A\ id pilBg [ YE | OVIEY | el AVANEYAL e | A
< FyFa-ay| cee eV 2FAYY Sl YO OPYAYAR| e NVPAVY L s | )
ARSI EENERA A NAN AN BN VES P I F N R BT ARV § BRIV & R A4 I SO R




Yy TFY (Jol o ylos ot 0,90 o 0l ) slO sig 5

CYOVEOVE| e FFVEVE| Lamd | VY| SOVEAV] oo AVAYAYY | s, [ Y
SYOYYANY| - e s VOVYFAD| Ll | YA | - YPAAAQA| «o e NOY-YO | ligd | Y
SXVAPYD| e FPEYY | g3l | YA | CXFATAYR[ c-eYOVIFAR[ Ll [0F

COACYA | e AYOARR L g S | Y| s PAYERAR] e ATVPAYA | Ll S | VO

S5 SO Ay (gaabyS by Saphew pals STl (Lo ¥ Jad 1o Sgplew a3l 0590 0 a5 i 4 ax g b
Alio ol )0 ool aaS gl g, 3l oolaiwl b adigz ¥ g ¥ oV & baools ool o ls (6,50 o Slas (gandiies oy, duib

ol 3005 SS a o] Sgplow ali lade 45 wgd e a8 5 Ll o ladgs slo gandigS

o
N &
o =
] ks
£ 3 E E
ER :
< £ &
E = E o
2 2
2 o =]
2 2 R
£ E o
= . 2 N
< =
& 5| L 5 B4 .
a e © = e
T T T T T T T T T T
20 25 3.0 35 40 20 25 30 35 40
Number of cluster Number of cluster
-
5 g | A 5 @ *
Té s T e E =
5 N g 8
2 o | £ E
s Z =
k-l £ g
L b 5 @
=1
g 8 2
= © RERe
5 - z &4
H S0 | e
[CR-¥ . o | e
o T T T T T T T T T T
2.0 25 3.0 35 4.0 2.0 25 30 35 4.0
Number of cluster Number of cluster

Sl galold wlwl p gussadios b g, 8l p wotdew ol ps Y S

soal8l alold 5loolatnl b )18 Jow (bl 5 aygus K ganasgs oy, ,0 laadys 580 slaw ¥ JSb 4 axg5 L

bl 2 g0 -C (g3l ganadiss gy 59 adeS ¥ Oy Glej Sl 9 sy (e 5 adss T Dy 0ol L

oW MPf &-J)J oals 9 U’“a) Oed g 4..»5}\“ k_))J LS’LQ) 6[&6].» La 6..»..\.».15‘ alols )| oolawl l.> C)lf J..\A



YY o o j Slos pw S g anddid G pb I guodlisS Ogugy

3 g 2 s

2 34 ERE

£ S =

£ 94 . s g |

£ < £ o

w8 | I _

s = o

3 s S| e

T T T T T T T T T T
2.0 25 30 35 4.0 20 25 30 35 4.0
Mumber of cluster Number of cluster

P »

2 B ®

£ ° £ &

H z S

Z e bt

s 2 5 J

g o H

£ : =

= f<] P =]

s B4 1

£ 8 £ =

i = & J

S 84 .. § 2 e

@ = T T T T T o = T T T T T
2.0 25 3.0 35 4.0 2.0 25 3.0 35 4.0

Mumber of cluster Number of cluster

wlod glabold 0,50 g5 bl g (guiabgs o by ly Sgthow cul o :F JSo

0,559, 5l eslaiwl bz, 8 Jow wlal 5 augae K anaigs sla oy, 0 bbadgs 580 slow F S soslive b
Ganals> by, g ade> T Oy Sloj Slas yw (e B9y e (G 9 D Sloj las e b ales slalols
G99y et 3 b3 § Oy oy lacs p g siled slalols 3,5y 3l oolinal b g )5 Jow bl 2 0900 -C (558
ools Hlas 7 Jgur )o ganalism slats) 5l S o Sl jlade o i aiies ale2 ¥ Oy Slej slas e b

! 0

Ot c po Hladlo 1 7 Jguer

Sy Sy slag e b

Garch —k —medoids Garch — fc —medoids|Garch — E —k —medoids|Garch — E — fc —medoids

DAY - £y < ¥f AT

S Sy S e

Garch —k —medoids Garch — fc —medoids|Garch — E —k —medoids|Garch — E — fc —medoids

- ¥v - #¥ <A < AY

Olod 4 Sl Sy Sloy Slags p o Gals> Slaghs) 5l plaS 2 a5 C8 )5 il Dl o0 7 Jgur Baalin b

ailb Soop S w4 Dgghow oo lade Ha8 ax e a5 ol 5l Bob 5l asls 55V Sgplew jlade Sy eols b by,
ol 2 gie -C (55 5 g K guiaings slabs, 10 7 Jgar 4 az g b ol a8 )5 plonil (55000 sanadiss
o yd e ganalisd Sla by, ple 4 S Sy Sy Sl Ha ailed slalols 3 S0, 5l eslitul L g, Jae

St 38es Sp Sloj Slasre e 5 2led 950, elel p ganalsS wad e LS a5 Wl (6 VL Dgeden



Yo TFY (Jol o ylos ot 0,90 o 0l ) slO sig 5

bl 0900 -C (551 (sonaigs by, ;0 dbgd ;o 4 osld 1o Cogaac lade .o, 508 (subalbg> sl by, 4 S
23930 ~C (g5l unaiigs (hgy 5V Jgaz 50 Sy o slacs s b ailed slalols o 5o 5l eolizul L )8 Joe

ol o ools HLaS A Jeazx 0 Oy Sl sl o sled slalols 8 S5, 5l eslinl b z )8 Jow bl

Coguas lado Y Jouor

Garch—E —Fc—medoids with outliers
plems Slod 5
C, C, ]
<44 o) Jss 1)
e .49 s | ¥
S ¥V - DY A
\ .
Oolreg | ¥
~.:\v co¥ FERE
\ . 959> | £
. \ Saily |V
) -.49 Shls | A
~F ¥ ool | A
AY SAY WK
. \

YO YO ol |
.49 e s |0
-\ -0 by | Y
\ Lole,s | VO
) Jls | Ve
.49 oo EARY,
- 50 NN n | IA
:v\ \\ Sau i
. .

.5y ¥y )
¥ 4 O3S | V)
\ a4 =5 |
) By | TV
- f) -.bA 3 | YT
-.49 o) sl | Yo
) . Lly | Y#
! lads | YV
Ll | YA
&9l | YA
ssS | Y




Y& o o j Slos pw S g anddid G pb I guodlisS Ogugy

Joae olol p agae -C (5518 (somaings g, 0 1, G Sloy Glasmw T Juad 10 V¥ Gla Joo,d 5l eolinal b >
dCgos y (GAAlg> yhg) e § BA> ol dcgems 5l g 00,5 plulil Sled slalols oS4, 5l colaiul b )8
S3B Gomadg by, 4o (N, Y,00F,Y),V0,YA) Glacols A Jooo @ a>g b .aigd oo (sjlwosly oz slaesls
e g aileas olulis &y Sloy Glag i Glyie 4 oles glalols o Sy, 5 eolanl b 7,5 Joo wlol 500 -C

Cogac jlado A Jgux

Garch— E —Fc—medoids with outliers

c, c, c, C, [Pl Sledisy

| Jgs ]

- - - - olxs” | Y

- - - - okt

\ oobeeg | F

- - - - JUE N N

\ 9y09> | F

| Jaily | Y

. £ -\ - YY Shls | A

| ool | A
.49 - b | Ve
Y - a8 Y Oy | 1Y

| Solsg [ VY
-9 R Sbgd [ VY

- - - - sl [V
- FY <A AL .Y Lale,S | VO
| Jilps | Ve

| sgluS | VY

- AA Y oo | VA
| . ole,Ss |14

\ dowg | Vo

- - - - OgmaS | Y
| b, | YY

\ . Seig | VY




Yv TFY (Jol o ylos ot 0,90 o 0l ) slO sig 5

\ . py | VT

- - - - sl | Yo
\ Lty | Y#

\ . lpiads | YV

- - - - Ll | YA
\ ‘ ~ ok | Y4

) : : 95 |7

2l Sy Sy s yw ples aold 3l oslainl bz )5 Jow ulul 5 aygas C 3L sonmaigs> gy b Bk sl
ools dcgozme 3l Dy Sloj slogmw B> 3l amy g 00,5 Slulls alie 1o ouds 7 lae (ganadss o g, ol
b owoedBl alols 5l oolaral b 7,5 Jow (olel 5 dugoe -K anaigs by, 50 0,5 oo plil (omadgs o)bgo
Soslital b )8 Jae ol 2 ygae -C (56 ganatss (33; 0 5 (1LIANTY) laesls &y Glej (slags s
GAdbg by, ;o b jlacil e lbas Sl STe (VALYE,F) slaosls &y Sl (slas o b cmsiadBl aliols
099y 09 (BVAY ) slacols oy Sy Gy ey (s Bl Alols sl eoliinl b )5 Jow bl 55 g0 -K
sools &y gley Glagmw v owaddl alold 51 soliinl L z,5 Jow olul 5 augoe C 556 anangs
Gaadss Ghyy 50 adys ol ST jsbimen igh oo el badiss Sl S1he Glsie 4 (1,0),0AT)Y)
29 (YE,YY,V,00) Glaosls &y Sbej slasmw b oo slalols 5,50, 5l oolitul b 2,5 Joo bl p 290w -K
slosls &y oy slasmw b oles slalold 5,555, 5l solitul b 7,5 Jow Lolol 3 3900 -C (558 (soiaings g,
slalols 5 Sy5 5l oaliisl L g, Jae (ool 2 w900 -C (556 5 wpgae -K guiatigs slo g, 5o (izeen 5(A,0)
2 goe -C 551 ganasgs 00 Jgo> 4 axgi b O (5,7, Y-,9) leosls & p Sy sl e sl
SJaia b (WYY YV, YE YY) Glacols &y Sloj sy b oles slabols o So g, 5l oolitul b g8 Joo ol
2 Ol il Blas adgs G 4 Lt b Cogde e b laols ady g st Blate i b adss 90 4 cilisie Cogue
wled lalold 0,5, sl eolatnl b z,5 Jow olul 5 asgune -C G5B auade> o A Jgux 4 azgi b oS el Jb
oles 4 it Cugae lade b Lale)S plew 5 o3k 5 ol sade 90 4 SHLS plew ks &y Sl s 9
iy, o Sles Sbjyl gl aiyls Bl ades SO @ s YU Cugac Jlade b leools ad g aiis Glaie badys
Sy Sl s aS g g 0 03,9] Cawd 4y Sl e ls Hlade Y0 9 FF Jae 8 5l eolatul b oo 7 ylae (somadgS

LF,0] sl onss ools (lis @ Joux 1o (gamade> sla s, 5l ploS



YA o o j Slos pw S g anddid G pb I guodlisS Ogugy

2y w6 Hlade A Jgax

Sy Sy sl b

Garch —k —medoidsGarch — fc — medoids|Garch — E —k — medoids| Garch — E — fc —medoids

«of - ¥ <A AN

Sy by sl g

Garch —k —medoids Garch — fc —medoids|Garch — E — k —medoids| Garch— E — fc — medoids

oY X0 ¥ A

Slod & S Sy (Sloj Slags yw e samade Glaghy, 5l plaS e a5 85 A (g o0 3 Juz evslive b
by aSl 2SS (aly paslh jad az e a8 b ()T 5lasyls gy (il e Oy Sl glacs e b b,
L@l oo ol 2 wisie -C 53l 5 wgan K qunaiigs glagtg, 3 Jsazr @ 4z b sl 85 ol (6520
S Sdes jlade 0ud g rhao (Ganaldes slagty; nle 4 Cuns D p (Slej Slas yw e ales Slalald 5 555, 5l eolia]
55l 6 e
G5 A g Sy Y

b ol gllols 5 a5, 5 coaldl Aols ulul 5 dygie -C g3 5 dygin -K cotaigs slagbs, dlie oyl 4o
Lol a5l oy Gloj sl Bio a5 b (] 1ol (Brme i Gloj sl osv s Sn Sy sl
labols 3 Sy, sl oalital b 5 Joo ool 22 @ (Sloj Slags s (alulidd wazr (g, 39d o0 (Ghaliss 83 35t
§ AT Ay g 9 000 = lae (gaudligS sl b, (s3lw ooly a4 ol 8 S e bl A e an jo aS 0l @)l oS
Jheel &y Gloj (slacs o (g ool degorne p analips slagbs, fazme o1 5l oy 5 Son Sloy lags po B>
g K unatisn lai, Jelow 5 452 4 (il 5 Ssrdens) ) logasls ookl b Bk 5l .05 o0
Sy Sy Gl 9t s Sy Sloy G b ailod slalold 0 Sug) 5 (gl dlols (il 2 wigae -C 556
Ohgy &S o sols las oy Sldllae 5 Sllllae gileand idu 10 sdel Cuws 4 bl A azgi b og ol aSls

el 10,595 0 63Vl s 5l pled lalold 5,0, 5l eoliwl b g Dy Sley (sos pw (e (sau si9>

References

2. Ahmed, M., Mahmood, A., Islam, M., “A survey of anomaly detection techniques in financial

domain”, Future Generation Computer Systems, 55 (2016) 278-288.




Y4 VFeF oSl oplois o 099  25b 5 (L8525 2

3. Caiado, J., Crato, N. , “A GARCH-based method for clustering of financial time series:
International stock markets evidence”, Recent Advances in Stochastic Modeling and Data

Analysis, World Scientific Publishing, New Jersey, ( 2007) 542-551.

4. Campello, R.J.G.B., Hruschka. E.R., “A fuzzy extension of the silhouette width criterion for cluster

analysis”, Fuzzy Sets and Systems, 157 (2006) 2858 — 2875.
5. Desgraupes, B., “Clustering Indices”, University of Paris Ouest - Lab Modal’X, 1 (2017) 1-34.

6. D’Urso, P., Cappelli, C., Di Lallo, D., Massari, R., “Clustering of financial time series”, Physica
A, 392 (2013) 2114-2129.

7. D’Urso, P., DeGiovanni, L., Massari, R., “GARCH-based robust clustering of time series”, Fuzzy
Sets and Systems, 305 (2016) 1-28.

8. Gan, G., Kwok-Po Ng, M., “k -means clustering with outlier removal”, Pattern Recognition Letters,

90 (2017) 8-14.

9. Gosain, A., Dahiya, S., “Performance Analysis of Various Fuzzy Clustering Algorithms:A
Review”, 7th International Conference on Communication, Computing and Virtualization 2016,
79 (2016) 100-111.

10. Hautamaki, V., Cherednichenko, S., Karkkainen, I., Kinnunen, T., Franti, P., “Improving K-
Means by Outlier Removal”, The 14th In Scandinavian Conference on Image Analysis, 3540

(2005) 978-987.

11. Otranto, E,. “Clustering heteroskedastic time series by model-based procedures®, Computational

Statistics & Data Analysis, Elsevier, 52(2008) 4685-4698.

12. Prabhjot, K., I. M. S, L., Anjana, G., “DOFCM: A Robust Clustering Technique Based upon
Density”, TACSIT International Journal of Engineering and Technology, 3 (2011) 297-303.

13. TSAY, R.S., Analysis of financial time series, John Wiley & Sons: New York, (2002).
14.Wu, K.-L., Yang, M.-S., “Alternative c-means clustering algorithms*, Pattern
Recognition, 35(2002) 2267-2278.



	Templetebabayar.pdf (p.1-3)
	alemohamad.pdf (p.4-29)

