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Generalization of the Fuzzy Support
Vector Machine Algorithm with Kernel
Chebyshev Orthogonal for Multi Classes

Dr. Reema Al-Kamha Marah Qadoura

ABSTRACT

In this paper, we introduce a generalization of an Fuzzy Support
Vector Machine Algorithm with Kernel Chebyshev Orthogonal
algorithm. We were able to develop the algorithm to classify any
number of classes using the Divide and Conquer technique. Due to
the difficulty of solving the multiple classification problem, we
have simplified the problem by dividing it into several binary
classification problems. In each problem, the belonging of inputs
to a certain class or not is determined by finding the classification
function of FSVM algorithm. This method is known as One-VS-
Rest method. After finding all classification function for all
problems, the belonging will be chosen to the classes problem
whose classification function gave maximum value, in addition to
giving a fuzzy membership value that determines the degree of
belonging of the specific input to the resultant classification.
We have extended the domain of study in the FSVM algorithm with
kernel chebyshev orthogonal algorithm on [—1, +1] to include any
given domain, Thus we were able to overcoming problems of
applying the algorithm to the different domains.

Keywords: Fuzzy Support Vector Machine, Orthogonal Chebyshev
Kernel, Divide and Conquer technique, Binary Classification,
(One-VS-Rest) method, Fuzzy Membership Value.
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16 1 5 1 5 +3
17 2 1 2 1 +3
18 1 4 4 1 +3
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19 1 4 1 4 +3
20 1 4 2 2 +3
21 1 3 3 1 +3

Al aladiul [—=1,+1] J [1,5] ge dadd) glajl asts ol &
Calial 26 Ll il Loy bl Cannall 1) edlaaal o L) dap gams (1)
c X = [0,1] elam) Jlgs & aadiian Jull

b o(4) da gan WS Gusle Ao as JaY) caiall cla) ds (1

_(x—0.1062)2
u=e —0.75 Z\EM\_,

LY aall A slad) bl ¢ L) Al 3(4) JSal
i (D) A WS gusle Ay B Canall cladyl Al (2

x—0.3185

2
u=€_( 0.25 ) PPN

- ) Caall A glal sl o L) Al (5) JSa)
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i (6) JA pan WS pagle Ally ay GIA Canall clany) Al (3
Xx—0.05247

2
U= e_( —0.7428 ) 1Al

/\

=1 o 1

) Ciall A glall bl 6 L) &l 2(6) J<al
(DAl (3) Al e Aahll Aspall e Cladind oy Glagas aag
b WS Gyl Lol de gana o Joanid
(‘D(x1), Y1 51): ((D(xz), Y2, 52), e ((D(xn) » Yno Sn)
() W i =1,..,n;x Jaad) Gal &0 D(x;) s
d=1,..,n; x Jaw auazy;
d=1,..,m; ¥ caall ) x; Jasdl bl sli) s S
r € {+1,+2,+3} a7 Ciia < Jal ge w7, b e langll Cluay 2
W P(x) + b7 =0 &l mhau Jial aasil Glly
Juai s (20),(19), (18) cValaall aagiy aiidiy mile¥ ol JR

sadll) leall
zzz ; vi ¥y K (xi, %)

i=1 i=1j=
- (12) BB e Dgna 3153 K (07, %) Sum

M:

max W7T(x) =

Mila aling e\mu Liad Gl (Aalaall 038 da Jal (e asmla galind zlias
Dhiag Ll e dwed [=1,+1] Y [1,5] oo daadl gla) oo (7) sl
) Lgdial laall o LaY)
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Support Vector | label | alpha | fuzzy

[-L0:-10, 05, 000 FLO T LD TI0 1355830142+ 0, 103559500427 + 0, 5203204644360007 1 0.3800481157 |

[L0-10, L0, <030 L L0110 (010385050142 « 01135301427 g yysesnentannmnyn + 0. 50030R4eL436000)
[-L0:-L0, =10, 0.00 TLO 1 L0 1(0.0355050042 « 013393001427 v g vagssasargammaqy v 0.380140015714653]
(L0035, -1, -LOTT 20 10,0 TT838R0I4E035 + 9,001800660065 * o, 3800LS0S585. + g, 3aa0L4stssssnde-1g
FLOLG, L0 -LO] 120 110 TRSB0US055 1 5 apsauspsangs ¢ 8. AABILASISSSSL o+ syma0stsssstie-1y)
(LU0, -0, 050 120 11,0 1183180145055 v 5 msagspsesos + 8.31BSOLSOSSSEL 3, 7114046609658003-]
[LOA05, L0, 05 TR0 100 TD.I3450050036 « 0. 575000798530 + OLIRNISB06E o g sysnaomogsony
[FLULG, L0, L0 T30 11,0 1[0.1383L058136 0, 106476053007 « 013631188036+ 0, 10647805300722447)

(U310, 05 -LOTT 3.0 110 1050078853 - 0. 136300smee - 0.50mmgs. -~ D LBEBLIGAISRTZRY)

lgdial olucal) oLVl ey [—1, +1] Jlaall Ll g b)) g 2(7) IS
Malal) aliyy 8 sl
tol LS clllly sl J5Y) canall ¢ by w Jiel e llasy

w b

< —6.690476190,95.547619048, —6.476190476,7.357142857 > | 1

< —5.642857143,11.214285714,10.809523810,18.500000000 > | 1

< —16.785714286,49.214285714,22.666666667,6.452380952 > | 1

 JLERY) Ala e : Ll
saas il AL L) lsal) dee Aaia (o S il Aapa olgl 2y
230Ul Lalaal) de gasa Liadl L(22) Al DA e
e {{1133},{+1}}
Y ‘#yu‘ G_Au)g\ = oLy G_’,L’,

> to claszify new point x & y (or exit):

1133

hrrayZDRowRealMatrix{{-1.0,-1.0,0.0,0.0}}

clasz : 1lfuzzy [0.11355050142722376 0.11355950142722376 0.9801491157146593 0.9801491157146583]
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il ofy [—1, 1] Jlaall ) Akl g byl culd ey lsal) of il o
Al 4y gael) el dilayl +1 canall an

o ({1,421}, {+2}}
Poh orsmlall malidl 3 LAY b

» to classify new point x & y (or exit):

1421

Array2DRowRealMatrix{{-1.0,0.5,-0.3,-1.0}}

class : 2[fuzzy [8.318001450553513E-13 0.5903285682842862 2.2118946690658003E-5 8.318001450555313E-13]

sl oy [—1, +1] Jlaall ) sl Lol anld i sl of il
plall Typuall el ALaYL +2 Gl i

o {{4,3,3,4},{+3}}
D3 asmlall malipdl 8 LY gl

> to classify new point x & y (or exit):

43314

Array2DRovwRealMatrix{{0.5,0.0,0.0,0.5}}

clags : 3|fuzzy [0.6955899848883683 (.9850226832510499 0.9950226832510499 0.6955809848880683]

adaiil) oy [—1, +1] ) ) il g sl canld Zaa) il o gilial) o
Apluall dypael) gl Ayl +3 Cauall _an
1 gidBliag milill) -6

AL Al dgluall V) acall anie dpailsn of Goladl JE maagy
Db &3 Al g DA Gl Jlae e Allae IS Jal ALY A lsal
e Uaiaa) Alaeal) daayplsad) o b e 58V Al dand 30 Alsall Canial o Laay)
el g lsd Allad (gae il o+ ST Sf Calial Al A Capias
i ) ALY Ayl ae el Capatl) G aefy Jadl culS Cua
Lailsa o lal e Coivn 38 Aaeal) daa))edll (680 1Sy Lo Cpiial cMAA
elariall Cantnd 513 ld dyluall V) aeall 4nia

M
- e
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alal a,b € R; [a,b] N [—1,+1] oo esdl Jadl s ¢
eVl ety Aaeall dpa)ylsal) craala  Jillys ¢ dank Jlae (of ae Jalaill 451S0)
s e e daap Al JSlie Giamy Cilayg ceealy JS8 ALY daa Al
Alad jiSly Apmdly ST il o Uaely Jlad
scluasilly claliiuy) -7

sl ) Aplaall V) el asie i lal laead Gadl a3 Lesd
Jae gl I [=1,41] Go Jodll gousi e L &G paalaiall Capdins
<y Apluall V) acal) anie Lpaylea B Cipiaill apeny L L[@, b] aes
Ol Caiaill cpe Yoy ST Galical D ) edland) Caieatl Capndind 3l
O cielinly dled ST Lipdaiy dydly ST Aleall Line)ylod il ol Lasd
OV ALY Bpe)yleal) e acls Jadl Jilise dads asaaall Jlaad) Gile i
i) apaill deygal) Aadait) alasinly sl dua)lall Gpunty Siise Joal
donde ae Jalail Cinlind Bls e &850 Bl JS 5 J8 QS Lol Baaeial
cGaaanl) 13 (e saldiwy g Jalaall o Slelug s

57



Cilial Baa) Capdiand 31 55 <l Agluall V) acal) plad A )l 53 aaend

:aalial) -8
[1] MATIT. B, 2014- Numerical Analysis (2). Damascus: Syria

.Damascus University Publications, Faculty of Science. (in Arabic)
[2] FU LIN. C, DE WANG. S, 2002- Fuzzy Support Vector
Machines. IEEE Transactions on neural networks, 13(2),464-471.
[3] WESTON. J, WATKINS. C, 1998- Multi-Class Support Vector
Machines. Technical Report CSD-TR-98-(04, Department of

Computer Science, Royal Holloway, University of London.

[4] MOGHADDAM. VH, HAMIDZADEH. J, 2016— New Hermite

Orthogonal Polynomial Kernel And Combined Kernel In Support
Vector Machine Classifier. Pattern Recognition, 60 ,921-935.

[5]1 ABE. S, INOUE. T, 2002- Fuzzy Support Vector Machines
For Multiclass Problems. ESANN, 113-118.

[6] FRANC. V, HLAVAC. V, 2002- Multi-Class Support Vector
Machine. Object recognition supported by user interaction for
service robots, 2, 236-239.

[71 WANG. Z, XUE. X, 2014- Multi-Class Support Vector

Machine. Support Vector Machines Applications, 23-48.
[8] DON. R, PRASANNA W. D, 2018- Multiclass Classification

Using Support Vector Machines. Electronic Theses and
Dissertation, 1845.

[9] GEORGE J. KLIR, Bo. YUAN, 2008- Fuzzy Sets And Fuzzy
Logic Theory And Applications. ISSN 0-13-101171-5.

58



3098 £ e Al Layy . 3 2021 ple 18 a3al) 43 laall  Cad) daals Alaa

[10] AI-KAMHA. R, QADOURA. M, 2021- Fuzzification Of A
Support Vector Machine Algorithm With Kernel Chebyshev
Orthogonal. Journal of albaath University for Applied Sciences, 43.
[11] JAFARZADEH. SZ, AMINIAN. M, EFATTI. S, 2013- A Set of

New Kernel Function For Support Vector Machines: An Approach
Based On Chebyshev Polynomials. ICCKE 2013, 412-416.

[12] DUA. D, GRAFF. C, 2019- UCI Machine Learning
Repository. From [http://archive.ics.uci.edu/ml]. Irvine, CA:
University Of California, School Of Information and Computer
Science.

[13] RAKOTOMALALA. R, 2017- SVM Support Vector Machine.
Supervised Learning—Classification, 2, 48.

[14] YE. N, SUN. R, LIU. Y, CAO. L, 2006— Support Vector

Machine With Orthogonal Chebyshev Kernel. 18" International
Conference on Pattern Recognition, (ICPR'06)2, 752-755.

59



Cilial Baa) Capdiand 31 55 <l Agluall V) acal) plad A )l 53 aaend

60



