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CO SO TOAN HOC CUA MAY VEC TO HO TRO

Nguyén Thé Cuong*

Khoa Toan, Treong DH Théng tin Lién lac.
101 Mai Xuan Thuong, Nha Trang, Khanh Hoa.

Tom tit: May véc-to hd tro 1a mot ki thuat phan 16p rat trién vong da dwoc Vapnik va cac cong sw phat
trién vao nhiing nam dau thap nién 90 cta thé ky hai mwoi. Trong hon hai thap ky qua, ky thut nay da
duoc 4p dung rat thanh céng vao viéc xay dung cac chwong trinh nhan dang ma duoc stt dung cho nhiéu
linh vuc khac nhau cta doi séng. Nhéan thdy day la mot van dé thiét thuc nén chung t6i da lua chon d€
nghién ctru, nhdm muc tiéu tim thém cac tng dung thuc tién ctia thuat todn “may véc to hd tro”. Tir khi
duoc dé xudt dén nay, ky thuat nay da duoc mé rong khong nging. DPau tién 1a cho bai toan véi tap dix
liéu tach duoc tuyén tinh, sau dé dén treong hop tap di liéu ¢ chong 1an hodc phirc tap hon khi dit liéu
c4c 16p tron 1an vao nhau. Trong tat ca cc trueong hop, phuong phap nhan tir Lagrange van to ra hiéu qua
d€ dua bai toan vé dang twong minh nhat ma tit d6 ¢ thé dua ra thut toan giai. Bai bao nay nhim trinh
bay co s& toan hoc cua ky thuat phan 16p dir liéu cho cac truong hop tir don gian dén phtc tap.

Tu khoa: Support vector machines.
1 Giéi thiéu

Trong bai bao nay chung t6i dé cap dén ngudn gdc toan hoc cua ky thuat phan 16p may
véc-to ho tro, ki thuat nay da dwoc V.N. Vapnik gi6i thiéu ndm 1995 [2]. Thuc t& ki thuat nay
da duoc ap dung thanh cdng trong nhiéu bai toan nhu nhan dang chit viét tay ctia nhom
Vapnik, nhan dang khu6én mét cia nhéom Girosi, hay bai todn phéan loai van ban... Thuc chat
giai quyét cac bai toan dang nay la dwa vé giai quyét bai toan t6i vu dang:

f(x)— min
xeM.

va sit dung phuong phap nhéan tit Lagrange dé dua bai toan vé dang twong minh ma tir d6 dua
ra thudt toan giai. Chung toi sé trinh bay ky thuat nay qua tung truong hgp tir don gian dén
phtic tap. D€ hi€u twong minh hon djc gia nén tham khao vé phuwong phép nhéan t&r Lagrange &
[1], ti€p can may véc-to hd tro & [2] va mot vai ting dung thuc t& & [7].

2 Baitoan phan 16p dit liéu

Trong thuc t& chiing ta thuong gép bai toan phan loai dit liéu trén co s mot s8 mau thi

. n X , n , e A
cho trude. Cu thé, cho ¢ mau tht x;,x,,...,x, e R" tuong tng véi cac daura y;,y,,....y, €Q,

* Lién hé: nckchnckcb@gmail.com

Nhan bai: 17-1-2017; Hoan thanh phan bién: 4-8-2017; Ngay nhan dang: 7-8-2017



Nguyén Thé Cuwomg Tép 126, S6 1A, 2017

trong d6 Q 1a mét tap hop roi rac ¢ dinh. O day ching ta cht yéu xét bai todn phan hai 16p.
Nghia la Q ={-1,1}. Luc d6 dix liéu x; duoc xép vao 16p C* néu tuwong ting ta cd y, =1, va
duoc xép vao 16p C™ néu y; =—1. Bai toan ddt ra la: Can tim mot ham phan 16p
R > {-1,1}thdamadn: f(x;)=y;,VieQ:={1,2,...,q} (1)

Dé€ hiéu y nghia cua bai toan nay ta xét vi du sau. Trong mua dich s6t xuat huyét, tai mot
trung tdm y t&€ X nguoi ta da tiép nhan va da c6 ho so bénh an day du ctia 100 bénh nhan.
Théng tin ctia mdi bénh nhan dugc s6 héa thanh mot vec-to x € R® gdm cac thanh phan: gidi
tinh, tudi, can ndng, nhiét d9, huyét ap, dau dau, dau bung, bu6én nodn (trong d6 huyét ap gom 2
s0, gioi tinh, dau dau, dau bung, budn noén dwoc s6 hdéa boi 0 hodc 1). Chéng han,
x=(1,25,57,39,90,150,1,1,0) biéu thi cho bénh nhan nam, 25 tudi, ndng 57 kg, than nhiét 39° C,
huyét ap 150/90, c6 triéu chiing dau dau, dau bung, nhung khong budn noén. Véi mdi bénh
nhan x; nhue vay sau moét thoi gian diéu tri ta da biét nguoi dy c6 bi s6t xuat huyét (va gan
y; = 1) hay khéng (gan y; =—1). Trén co so g = 100 mau thtt nhu thé chting ta can thiét lap mot
ham f :R® —{-1,1} nham dé chdn doan cho nhitng bénh nhan méi. Di nhién ham f dé khi

thuee hién trén cac mau cit phai cho chin doan ding, nghiala f(x;)=y, véimoi ie{l,2,...,100} .

Tro lai bai toan (1). Néu c¢6 mot ham g:R" - R sao cho g(x;)>0 vdi moi x; eCt, va
g(x;) <0 véimoi x; eC™, thi hién nhién ta c6 thé chon f(x)=sgn(g(x)) d€lam ham phan 16p.
Lac d6é mat mue S, ={x e R" / g(x) =0} dwoc goi la mdt bién hay mdt quyét dinh (Hinh 1).

Hinh. 1. Mt quyét dinh

Mat nay chia R" ra lam hai mién, twong ¢ng véi hai 16p C* va C™. Dac biét néu ¢ la
ham affine: g(x)=w-x+b (weR", beR; w-x latich vo hudéng cia w va x) thi A la mot siéu

phang nhan w lam vec-to phap ma ta goi la mdt quyét dinh tuyén tinh (Hinh 2).
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Sg

Hinh 2. Mt quyét dinh tuyén tinh

Nguoc lai, néu g khong phai 1a ham affine, ta néi mat quyét dinh la phi tuyén.

3  Ham phén 16p tuyén tinh

Trudc hét ta xét truong hop don gian nhat khi tap di liéu 1a tdich dwoc tuyén tinh, nghia la
ton tai cap (w,b) e R" xR sao cho

w-x;+b> I, Vx; eC",
@)

wex,+b<—1, Vx eC .
Trong truong hop nay ta xét ham phan 16p f,, ,(x) =sgn(w-x+b) va mit quyét dinh la
siéu phang
Siwpy ={xeR" Jw-x+b=0].
Siéu phang nay chia R” ra lam hai nita khong gian, dat C* va C~ vé hai phia khac nhau.

Thong thuong, khi dir lidu 1a tich duoc tuyén tinh, sé c6 rat nhiéu siéu phang tach va vi vay
cting ¢6 nhiéu ham phén 16p. Nhiém vu cua chiing ta la can chon ra mét ham phan 16p tot nhat.

Luu y rang véi hé s6 4 >0 tuy y ta cé Siwb) =Siaw.ip), Va cacham phan 1op f, ,, fr,.1 12

bang nhau. Vi vay d€ bao dam tinh duy nhat ctia cdp (w,b) ddi véi mot mat quyét dinh ta dua
thém rang budc:

min/W'xi-i-b/:]. (3)
ieQ

Siéu phang Siwp) s VO (w,b) théa man (2) va (3), dwoc goi la mat quyét dinh chinh tic
(Hinh 3).
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Hinh 3. Mit quyét dinh chinh tac

Ta goi [é ctia mit quyét dinh chinh tac S, ,, 1a khoang cch ngdn nhét tir né dén tap cac
diém dix liéu
p(w,b)=min{d(x;;S, ) i€0}.
R6 rang, ham f, , sé phan 16p dit liéu t6t nhat khi Ié p(w,b) 1a 16n nhét. Ta da biét cong
thite tinh khoang céch tir mot diém x; e R” dén siéu phang S, ,, 1a

/w-x;+b/

) =

Do a9,

/W'x,'+b/‘.ieQ}zmin{/w-x,-+b/:ieQ}_ 1

[l

p(w,b) = min{ .
[l [[wl
Déng thitc cudi cling c6 duoc 1a do (3). Vay dé€ mat quyét dinh c6 1é cuc dai thi || w | phai

cuc tiéu. Chi y rang diéu kién (2) c6 the viét lai 1a
yi(w-x;+b)21;VieQ. (4)

Tém lai, d€ tim mdt quyét dinh chinh tac c6 Ié cuc dai ching ta can giai bai toan toi vu
sau:

1 P .
D(w,b) :=—||w||"— min,
(w.b) == |wl (5)
I-y;(w-x;+b)<0,i€Q.

Bai toan nay giai dwoc dé dang béi cac thuat todn quy hoach toan phuong co ban.

Tuy nhién, d€ c6 thé mo rong cho treong hop dit liéu khong tach duoc tuyén tinh, ching
ta st dung phuong phap nhéan ti Lagrange ¢ ([1] Dinh li 6.27-6.30). Thuc chat, phwong phap
nay cling chinh la co so li thuyét caa phan tiép theo. Cu thé, ta ¢6 ham Lagrange cua bai toan la:
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q
L(w,b,A) =§|| w P +z&i(1—yi(w~x,- +b)), (w,b,1) e R" x RxRY.
i=1

V6i A=(4,2,..4,), 4 €R, VieQ.Ltc d6, d& (w,b) la nghiém cua (5) diéu kién can va
dalaton tai A >0 sao cho (w,b, 1) 1a diém yén ngua cia ham L :

L(w,b,A)= inf supL(w,b,2)= sup inf L(w,b,2).
(w.b)eR" ! jerY AeRY (w,b)eR" !

D06 ciing 1a diém ding cua ham Lagrange, ttrc 1a nghiém ctia hé sau day:

oL .
3— = - Ayx, = 0, 6
o= Z]jyx (©)
_8L = —quxl = 0 7)
6b oy lyl ’
oL
— = J—y(w-x;+b) < 0VieQ, 8
o Yi(w-x;+b) 0 (8)
oL .
/Iia = A(l-y;(w-x;+b)) = 0VieQ. 9)

Trong thitc hanh, ta giai bai toan maxmin: sup Aerd inf y pyermt LW, b, A) . Véimbdi Ae R?
thoa man (7), giai (6) ta dwoc w (b tuy y) thoa man

F(A)= inf L(w,b,A)=L(w,b,1)
(w,b)eR"

Chay réng w thoa (6), ngoai ra d€'y (7), ta dwoc
1o & q g 1o o
FO = I+ 2 =2 Ao =52 v = =5 W +2 A (10)
Vi

q
w= Z/liyixi
i=1

nén
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q q g 4
| w ||2: wew = (Z/li)’ixi)'(zﬂi)’ix;) = ZZ()’[)’/‘XI' X;)4A =A-DA,
i=1

i=1 i=1 j=1

trong d6 D la ma tran vuong, ddi xtiing 6 phan tit 6 hang i cot j la D; =y,y;x;-x;. Néu ta ki
hiéu / 1a vec-to gobm cac thanh phan déu bf“mg 1,nghiala 7=(1,1,...,1), thi F(1) trong (10) c6
thé viét lai dwdi dang ham toan phuong;:

F(A)= —éxl-D}wI%.
Néu dat y =(y;,y,,...,y,) thi diéu kién (7) c6 thé viét lai dudi dang
A-y=0.
Nén cudi cung ta giai bai toan quy hoach toan phuong:
F(A1)= —é/1~D/1+1-/1 — max,

A20, (11)
A-y=0.

Giai (11) ta dugc nghiém 4 . Tir (6) ta tinh duoc

q —_—
W=Z/1iyixi. (12)
j=I
Chon i€ Q saocho 4 >0. Tl (9) tasuy ra
I;=i—vT/-xi =y, —w-x;.
Yi

bén day ta thu dwoc (w,b) vaca A .

Nhan xét 3.1 Voi gid thiét di liéu tich dwege tuyén tinh, bai todn (5) théa man diéu kién Slater.
Vi vdy, (6-9) la hé diéu kién cin va dii toi wu. Khong nhitng thé, nghiém (w,b) théa man

_ = I, _ = . Lo .. T
d)(w,b)=5||w||2>0. Tir d6 suy ra A # 0 . Nén chdc chan ton tai i € Q sao cho A >0.

Nhan xét 3.2 Tir (12) ta thdy chi nhitng vec-to x; ing véi cic A >0 méi tham gia vio viéc ciu
tao nén vec-to phdp w ciia mdt quyét dinh. Lai do didu kién (9), y,(w-x, +b) =1, nén nhitng vec-to nhw

thé’c khodng cich dén S, ding bing I¢ p(w,b). Nhitng vec-to nhw thé'duwoc goi li vec-to hd trg. Vi

156



Jos.hueuni.edu.vn Tap 126, S6 14,2017

y; €{~1,1}, tie (7) ta thdy ton tai cd nhitng y; =1 va nhitng y, =—1 6 d6 4 > 0. N6i cich khic, trong

C" va C™ déu cd nhitng vec-to hd tro. Vay mat quyét dinh S, 5, nam cdch déu hai mien C* va C~.

4  Siéu phang Ié mém

Trong cac bai toan thuc t€, dit liéu thu duoc tir thé gidi thuc thuwong khong tach duoc
tuyén tinh. Diéu d6 1a do thong tin bi nhiéu, dan dén su chong 14p mot phan nho dit liéu gitra
hailép C" va C.

w.xtb=1 w.xtb=-1
) x+bh=(

o©O
Oo
OOOC_
O
—H

Hinh 4. Siéu phang [é mém

Noi cach khéc, khong ton tai (w,b) e R"* thoa man thuc su (4). Trong truong hop nhu
vay ta can ndi long rang budc va cho phép giai bai toan véi doi hoi t6i thiéu hoda sw vi pham cac
rang budc. Cu thé, ta dwa vao b bién phu & =(&;,&,,...,&,) thé hién cho mitc d6 vi pham diéu
kién (4):

yilw-x; +b)21-&,VieQ. (13)

Song song voi viéc ndi long rang budc nhu vay, ta dua thém vao ham muc tiéu mot hé s6
phat C(& +&++++¢,), v6i C la hidng s§ duong, d€ giam thidu sy vi pham. Nhu vay, thay vi
bai toan (5) ta giai bai toan sau:

Lo N .
O(w,b,&) = 5 | w] +CZ§,- — min,

i=1
I-y,(w-x;+b)—& <0,VieQ.

(14)

Vi bai toan nay ta c6 Ham Lagrange:

bi q q q
Lowb.& 2 )= wIF +CD &+ D AT =yilwe i +b)=&)= D iy,
i=1 j=1

i=1
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vOi (w,b,E, A, 1) e R" xRxRY xR xRY.

Thay cho hé (6-9), diéu kién can va du tdi wu cua bai toan (14) la hé sau day:

36—L = w—iﬁ x; = 0 (15)
aW Py lyl 1 ’
oL g
= = My, = 0, 16
5 = T2 (16)
oL
— C-A-u = 0VieQ, 17
o¢ i 4 Q 17)
oL .
— = I-y(w-x;+b)-¢& < 0Vie(Q, (18)
o,
oL .
/lia = A=y (w-x;+b)=&) = 0VieQ, (19)
o _ -& < 0VieQ, (20)
Ou;
y,-a—L = —ué& = 0VieQ. (21)
ou;

Nghia 13, (w,b,&) 1a nghiém ctia bai toan (14) khi va chi khi t6n tai 2 >0 va >0 sao

cho ( w,b f_ A, ) langhiém ctia hé trén. Hon nita, ta c6

O(w,b,E)=  sup inf L(w,b,& A u).
(A )eRIXRY (w,b,£)eRM xR

Dé€ giai bai toan maxmin trén, voi mdi (A, u)e R? xR?, théa man cac diéu kién (16-17), ta

tim dugc weR" (£, b tuy y) thoa man (15). Thay vao ham Lagrange:

o q
F(A,u)= inf L(W,b,f,ﬂ,,u)=L(W,b,§,ﬁ,,u)=—é||vT/H2 +Z/1i =—§1'Dﬂ+ﬂ~],
(w.b.¢) i=]

véi D dugce xac dinh nhue & Muc 3. Vi ham F khong phu thudc vao ¢ nén cuc dai ham F ta

dan dén bai toan
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—éxl-Dl+/l~]—>max,

A>0, (22)
A-y=0,
A<C-1.

Giai (22) ta dugc nghiém 4 . Tix (17) va (15) ta tinh dwoc zz va
q —_—
w= Zﬁiyz'xi- (23)
i=1

Chon i€ Q saocho 4 >0 va zz; >0. T (19), (21) tasuy ra & =0 va

E:i—vaxi:yi—\wai. (24)

Yi
Bay gio st dung (19) va (21) ta thu dwoc .
Nhan xét 4.1 Bang cdch chon C >0 khd 16n, nghiém A ciia bai todn (22) sé ¢6 it nhdt mot toa do
0< A <C, nén ciing sé c6 g, >0. Nho chi s i nay ta tinh dugc b theo (24). Do (17) nén v6i moi

i€Q taphdicé A >0 hojc i >0. Viogy, ding (19), (21) ta sé tinh duwoc moi & . Nhiing & >0

chinh la nhitng rang budc bi vi pham.

5  Ham phén 16p phi tuyén

Trong Muc 4 ta da st dung ki thuat [é mém dé xét bai toan phan 16p khi dit liéu bi chong
1&p mot phan nho. Trong treong hop t6i hon khi dit 1iéu hoan toan tron 1an vao nhau (Hinh 5)
thi ki thuat Ié mém khong con hiéu qua.

Hinh 5. Dit liéu hoan toan trén 1an vao nhau
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Luc d6 ta sit dung bién phdp nang cao s6 chiéu. Cu thé, ta thiét lap mot anh xa tir R” vao
mot khong gian méi R™ nhiéu chiéu hon sao cho anh cta cac diém dir liéu trong khong gian
dé la tach duoc tuyén tinh. Mot cach truc quan ta twdng twong cd hai nhom vo 8¢ "lon" va "nho”
nam xen ké nhau trén mat ban ma khong thé phan 16p tuyén tinh ching bang mot duwong thang
duoc. BE‘?mg cach hat manh 1én khong thi nhitng con 6c nho bay cao hon nhitng con 6¢ 16n, khi
&y ta c6 thé phan 16p tuyén tinh ching bang mot mat phang (Hinh 6).

00

°o O J
2
oo.g’— e M

A0

O m 7 |
2] :
o .ol y

Hinh 6. Anh xa 1én khong gian méi nhiéu chiéu hon

Cho 4nh xa @ : R" — R" sao cho v6i mdi x € R” tuong ting véi mot day
D(x) =(a,0;(x),a05(X),...,a,,0,(x)) e R™.

Ta can tim anh xa ® sao cho hai tdp ®(C") va ®(C™) (trong R™) la tach dugc tuyén
tinh. Nghia la ton tai cdp (w,b) e R" xR sao cho

yi(w-®(x;)+b)=1,VieQ.

Dén day ta 4p dung ki thuat phan 16p tuyén tinh trong khong gian R™ bang phuong
phap ham Lagrange va dua vé bai toan quy hoach toan phuong

F(A)= ﬂwl—é%Dﬂ — max,

A1>0, (25)
A-y=0,

trong d6 D la ma tran vudng véi D;; = y;y;®(x;)-®(x;). Giai bai toan nay ta dwoc nghiém 2.

Suy ra
q —
W=D Ayd(x,). (26)
i=1

Chon i € Q sao cho 2_,, >0 ta tinh duoc:
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I;=i—vT/~(D(xi)=yi—vT/-CD(xi).

Vi
Cudi cung, ta ¢ ham phéan 16p trén R" 1a
f(x)=sgn(w-d(x)+b), x eR".

Mot van dé quan trong didt ra ¢ day la ta can xay dung ham @ sao cho viéc tinh toan ma
tran D 1a dé dang. Mudn vay ching ta phai thiét k& sao cho cong thitc tinh ®(x)-®(y) phai

don gian, thuan tién. Duwdi day la mot vai vi du vé nhitng ham @ nhu thé'[7, 10-12].
Vidu5.1 @ :R* >R’ cho boi
(D(x,,xz)=(I,ﬁx,,\/zxz,x,z,xg,\/?x,xz).
Lic d6, véi moi x = (x,,x,), y=(y;.y,) tacd d(x)-D(y)=(1+x-y)*.
Vidu5.2 @R’ - R duwoc cho béi
(D(x,,xz,x3)=(I,\/ij,\/Exz,\/?xj,x12,xg,xf,\/?xlxz,\/zxz)g,\/§x3x]).
Lac d6, véi moi x,y eR’ taco D(x) - D(y)=(1 +x-y)2.
Vidu5.3 ©:R—R™ duoc cho béi
O(x) = (1[CL x\JC2 2\ Jen ),
Luc do, voi moi x,y e R tacéd
O(x)-D(y) = 1+CLxy+C2x7y? +--+CxX"y"™ = (1+xy)™.

Qua cac vi du trén ta thdy viéc chon cac ham ¢; va cac hé s& ¢; hop ly sé cho ta mot cong
thitc tinh toan @d(x)-d(y) don gian.

6  Ham phén 16p 6 trong s6

Viéc xay dung mot ham phan 16p dua vao mot tap huan luyén (ttc 1a cac mau thr) cho
trude di nhién van cé nhitng sai lam trong thuc hién. Nhu vi du vé ham chan doan bénh s6t
xudt huyét néi dén & Muc 2. C6 thé bénh nhan khong bi s6t xuat huyét ma ham phan loai cho ra
gia tri 1, hodc nguoc lai, bénh nhéan bi s6t xuat huyét ma ham phan loai cho gia tri -1. Tong
quét, sé c6 hai loai sai [am chinh la f(x)=1 v6i xeC™ va f(x)=—-1 v6i xeC" . Trong nhiing
bai toan thuce té, mot trong hai loai sai lJam la nguy hiém hon sai [am kia. N6i cach khac, chung
ta c6 thai d6 thién vi d6i véi cac loai sai lam, 6 sai lam chung ta sé rat khit khe trong khi lai dé
dang tha thtt cho sai lam loai khac. Chéng han nguoi bénh bi dau rudt thitra ma chuan doan
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khong phai rd rang 1a nguy hai hon nguoi khong bi dau rudt thira ma chuin doéan co6. Thai do
thién vi véi cac sai [am van duoc thé hién trong ham muc tiéu bé“mg cach cho hé sd phat trén cac
loai sai [am la khac nhau. Diéu nay dwgc thuce hién twong tw ki thuét 1é mém nhung khac & chd
trong ki thuat Ié mém hé sd phat 1a nhuw nhau cho cac vi pham. Cu thé, ta sé dua thém cac bién
phu ¢ va giai bai toan t6i wu sau

D(w,b) :éH wl? + Z STE+ Z 8 & > min,
xieCJr xieC7 (27)

yilw-x;+b)21-¢,i€Q,

Tuong tu bai toan [é mém, bang phuong phap nhan tr Lagrange, ta dua bai toan (27) vé
bai toan max min, trong d6 bai toan max 1a

—él-Dl+ﬂ~]—>max,

A-y=0, (28)
0< 2, <8% véiy; =1,
0<A <8, véiy, =-1.

Giai bai toan nay ta duoc nghiém A . Sau d6 tiép tuc giai bai toan min ta dwoc w va b .

7  Kétluan

Nhu vay, tw tuong todn hoc ciia may vec-to hd tro thuee chat 1a tim cach tach cac 16p dit
liéu boi mot siéu phang cé khoang cach dén tap cac dir liéu 1a 16n nhat. Bing mot phuong phap
nhat quén 1a stt dung quy tic nhan tk Lagrange, chiing toi da trinh bay co sd toan hoc ctia may
vec-to ho trg trong ki thuat phan 16p dit liéu, cho cac treong hop khac nhau, tit don gian dén
phtic tap. Truong hop don gian nhat 1a ham phan 16p tuyén tinh, tiép theo la ky thuat siéu
phang & mém cho bai toan khong tach duoc tuyén tinh, truong hop ham phan 16p phi tuyén va
cudi cung la phan 16p ¢ trong so.
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MATHEMATICAL FOUNDATION
OF SUPPORT VECTOR MACHINE
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Abstract: The support vector machine is a very promising classification technique developed by V.N.
Vapnik and his colleagues in the early 90s of the twentieth century. For over two decades, this technique
has been successfully applied to the construction of the identification program that is used for many
different areas of the life. Since it was proposed to date, this technique was generalized continuously. The
first is the problem with data sets are linearly inseparable, then to the case with overlapping data sets or
more complicated when data layers are mixed together. In all cases, Lagrange multiplier method has
proved effective to put the problem in the most explicit form from which some algorithms can be
provided. This paper aims to present the mathematical basis of the classification technique for cases
ranging from simple to complex.

Keywords: Support vector machines.
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