Nghién ciru khoa hoc cong nghé
MOT PHUONG PHAP PINH VI POI TUQNG DUA TREN
PHAN LOP CO GIAM SAT
Nguyén Hong Thuy, Hb Van Canh'", Lé Nhat Thing”

Tom tit: Muc dich cia bdi bdo la nghién ciu va dé xudt mot phm)’ng phap do
tim mgt doi tuwegng nao do trén co so phan lop co gidm sat. Pé gidi quyet bai todan
ddt ra, bai bdo dé xudt hai bé dé dwoc phdt trién tir bé dé ciia Ly thuyét Thong tin
va Thong ké todn va dé xudt mét sé goi y dwoc iing dung trong thuwce hanh.

Tur khéa: Phan 16p; Nhan dang ngon ngir; Dac trung.
1. MO PAU

Dé dinh vi mot dbi tuong nao do (ngudi, ddng vat hodc bét ctr vat thé nao) ching ta
trude hét can biét duoc cac dic diém hay goi la dac trung (characteristic) cua doi tuong do
nhu: Ho va tén, qué quan, ngay thang nim sinh, tén thudng goi, nghé nghiép, thuong sir
dung thiét bi lién lac gi ? v.v. Nhung dé xac dinh duge mot ddi tuong, trudc hét ta phai
phan 16p dbi twong dua trén dic trung cua ching. Bai toan phéan 16p dugc md ta nhu sau:

Cho trude mot tap hop hitu han Q cac ddi twong, mdi dbi twong gdbm n dic trung. Nhu
vay ta c6 thé coi Q 1a mot tap con trong khong gian Euclide n-chiéu R

Gia st trén co s& ndo d6 ta co ye R” . Hiy xac dinh xem c6 ton tai mot x€ Q ma y =
x hay khong ? O day, ta hiéu khai niém "y = x" theo nghia x4c suét.

bay 1a mét bai toan rat ly tht va da co Kkét qua dugc ap dung trong thuc tién, dic biét 1a
trong linh vuc An ninh Quéc gia.

2. MQT SO KET QUA PA PUQC CONG BO

Bai toan phan 16p cac dbi tuong duoc tng dung nhiéu trong nhiéu linh vuc, dic biét 1a
nhan dang ngdn ngit ty nhién (xem [1], [2], [3], [4], [8], [14],v.v.). Cac phuong phap néu
trén duoc cac tac gia dua trén cac k¥ thuat sau day:

- Phan 16p trén co s& mo hinh xich Markov an (HMM),

- Phan 16p dua trén mang Neural nhan tao (ANN - Artificial Neural Network),

- Phan 16p dya trén may hoc vector hd tro (SVMs),

- Phan 16p dya trén mod hinh Gaussian hén hop (GMMs),

- Phéan lop dua trén co so lugng tir hoa vector (VQ).

Cac phuong phap phan 16p néu trén khi ing dung vao nhan dang cac ngén ngir ty nhién
déu cho két qua dung khoang 65 - 85%. Han ché ciia cic phuong phap phan 16p néu trén 1a
d6 dai dau vao dé kiém tra phai du 16n (do dai dau vao thuong la trén 1000 blt) Ngay ca
viéc phan 16p & [9] duoc cho 1a t6i vu nhung mau dau vao dé kiém tra ciing can c6 kich ¢
1a 800 bit trd 1én (twong Gmg 100 ky tur la tinh). Trong thuc té, nhiéu truong hop, dau vao
cua thudt toan la day chi khoang 64 bit hoac it hon. Nam 2017, cac tac gia Pham Anh
Phuong va Quach Hai Tho da dé xuit mot phuwong phap phan 16p trén co sé Gng dung 1y
thuyét tdp mo (Fuzzy set theory) di cho két qua kha (xem [15]). Trong cac két qua da
dugc trinh bay & trén, dang chu y 1a phan 16p theo khoang cach va phan 16p dya trén lugng
tir hoa vector (VQ). Tuy nhién, cac phuong phap d6 van khong xét dén sai sb trong phan
16p. Phan noi dung tiép sau ciia bai bao nay, cac tac gia dé xuat mot phuong phéap phan 16p
c6 giam sat nham khéc phuc dugc hai nhuoc diém vira trinh bay & trén. D6 la:

- D6 dai mau dau vao ngin (c& 8 ky tu la tinh trg 1én), va

- Sai s6 cuia phan 16p vé trung binh 14 cuc tiéu.
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3. NOI DUNG CAN GIAI QUYET

Dé 13 hon van dé nay, ta xét bai toan phén 16p tong quat nhat nhu sau:

Cho mot tap hop Q hitu han tuy y. Mdi xe Q duoc goi 1a mot ddi tuong (object) hay
vé mit toan hoc, x dugc goi 1a mot phan tir (element) trong tip hop €. Mdi phan tir dugc
thé hién boi cac dic trung (characteristic) cua n6. Nhu vay, cac phan tir khic nhau sé& ¢
cac dic trung tuong ung khong gidng nhau. Bé dé dang cho viéc xay dung phuong phap
phan 16p (classification) cac dbi twong clia Q, ta gia sir mdi ddi tuong duge mo ta boi n
dic trung. Nhu vy, ta ¢6 thé xem Q nhu 13 mét tap hop con trong khong gian Euclide n

chidu (duwoc ky hieulaR" ) tic 1a Q < R” . Bai toan dit ra I hdy phan hoach Q thanh k
16p: A, AL, AL VEIA; #OD,i=1,2,..., ksao cho:

VAN A;=0,i#jij=12..k

k

20 UA;=Q

i=l1

R& rang 14 c¢6 nhiéu cach phan hoach (partition) ©Q thoa man cac diéu kién di néu.
Song, du phan hoach bang cach nao ciling déu xdy ra hai truong hop:

Trudng hop 1: Bdi twong xe Q, thyc té lax e A ; nhung lai gan cho xe Aj ,j#E 1L
Truong hop 2: xe A]- nhung ta lai gin cho xe A;,i#].

Trudng hop 1 xdy ra thi ta n6i i méc sai 1am loai 1, trwong hop 2 xay ra thi ta ¢ méic
sai lam loai 2. X4c suat mac sai 1am loai 1 ta ky hiéu la @ (0< a <1) va x4c suat mac
phai sai 1am loai 2 dugc ky hiéu 1a B (0< B <1). a la xac suét bac bo gia thiét dung
con B 1a xac suat chap nhan gia thiét sai. Du véi thuat toan phan 16p nio ciing khong thé
triét tiéu duoc ca hai loai sai 1am néu trén. Trong thuc té nguoi ta muén ¢ dinh xac sut
sai lam loai 1, & va xay dung thudt toan lam cuc tiéu hoa sai lam loai 2, £ . Nhu vy mot
thuat toan duoc cho 1a téi wu 1a thudt toan lam cho ton that trung binh cua ca hai sai lam 1a
bé nhat co the.

B6 dé sau day nham giai quyét bai toan dit ra:

Trude hét ta ky hiéu Zj; 1a t6n that khi dbi twong x thyc té 1a xe A, nhung ta lai quyét
dinh xe Aj ,j# 1 Réréngrangziizo vV i=1,2,..., k(klasd1op). Trai 1al,Zij>0V0’11¢_].

Néu dbi tuong x € A; thi t6n that trung binh c6 diéu kién véi x € A la:
k
Lim 25 | s m
J= .

Trong do { /i (x)} 1a k ham mat d6 xac suét ciia ho phan bd chuin N( M;,v;) voi i
=1,2,....,k. (6day pn la do do o- hitu han trén khong gian céac tap con ctia Q).

Tiép theo, ta ky higu 7; 14 xac suat dé ddi tugng xe A, tiic 1a 7;=P{xe A;} va gia
thiét 7,>0,i=1,2,..., k.

2 4 k
Do d6 gia tri trung binh khong diéu kién cta ton that khi phan 16p Q= ‘Ul A, la:
1=
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L=§l7rl-Li )
k
Dzitqj(x)Z Elﬂizijfi(x),jZI,Z,...,k. 3)
Tt (1), (2) va (3) suy ra rang:
k
L:]él/{ q;(X)du(x) =LA, Ay, AY) 4)

J

Tur d6, bai toan dat ra la: Hay xay dung mdt phan hoach AT, A; yeens Az sao cho cuc

tiéu hoa gia trj L:
* * * %k *

L'=L(A[,AS,..., A, ), ticlaL” <L.

Ta ¢ bd dé sau day:

Bb d& 1: Gid sit A}, Ay,..., A, 1a mot phan hoach trén tap Q thoa man didu kién:
[xe A;]1=[q;(x) < q;(x).j=1,2....k]. Khido, L= L(A], A}..... A )SL=L(A,

Az,...,Ak)déi v6i moi phan hoach A, A, ,..., A, tuy ytrén Q.

Chiing minh
That vay, tir gia thiét trén ta c6:
k k k
LLA LAy A= 3 [ q@du@) = 33 [ ¢;()du)
j=1 Ai ]=11=1A ﬂA,*

J

M=
M

Il
—

LY qWduz LY ] g dum =5 [ g du
=1 j= =1 g

1

AN4. = AN
i J i J

1

1)

=L(A{, Ay,..., A, )=L". Dy 12 didu phai ching minh,

Cha y: Dé don gian trong thyc hanh ta gia thiét:

0 néuig )
Z:= 7
Yl néuizj
Va dat:
k
c(x) = Zlﬂl-fi(x)y (6)
1=
Tu (3), (5) va (6) ta suy ra:
q; (x) = c(x) - ﬂ'jfj (%) )
T do, q, (x) < q;(x) V j=1,2,..., k néu va chi néu:
7r,ft(x)27rjfj(x)‘v’j=1,2,...,k (8)
Nhu vay néu ton tai mot t= jma
ﬂtft(x)>7rjfj(x)‘v’j=1,2,...,k (8)
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thi quyét dinh ciia ta vé viéc x A, la t6i uru.
Truong hop ton tai #, # ¢,, t; #j, t, #j,j=1,2,....k ma
ﬂﬁfﬁ (x)27; f;(x) va ddng thoi ﬂfzflz ()27, f;(x) Vij#t,t,.
Khi d6 ta sir dung quy tic: x € A, néu L>t, va X€ A, néu 1>t
1 2

Bay gio, gia sit cho mot tap hiru han Q di dugc phan hoach ti wu (theo nghia néu
trén). bé don gian phan hoach d6 dugc ky hicula A, A,,..., A . k= 2 va cho trude. Gia

st f,f,,...,f; 1acacham mtdo xac suat lan luot trén A, A,,..., A .

Ta ky hi€u tap hop G = {f, f,, ..., f; } va h 1a m4t ham mat d¢ xac suét nao d6 cua
dai lvong ngau nhién Y. Van dé dit ra 13 hay tra 16i cu hoi: c6 tdn tai moti, i=1,2,....k
may € A; hay khong ?

Sau day la cau tra 161 cho cau hoi trén:

B6 dé 2: Cho f,, f,,..., f, 1a k ham mét do x4c suat lan luot trén A |, A, ..., A .
Trong d6 {A|, A,,..., A } 1a phan hoach nhu trong B6 d¢ 1. Gia st X 1a mot dai luong

ngau nhién trén Q véi h 1a mot ham mét d6 xac suit cua X trén khong gian Q . Khi dé:

1/ Néu tich phan [ A(x) logMd,u(x) >0 véi moi j# i. Khi d6, h = f; - hau
Q /(%)
khip noi trén Q, dic biét 1a trén AL

Ji(x)

2/ Néu ton tai mot j# ima j'h(x)logmd,u(x)<0.Khi d6,h # f;.
Q

3/Néu [ h(x)log %d 1(x) = 0. Khi d6, khong c6 cau tra 10i.
Q

j X

4/ Truomg hop | h(x)log%d,u(x)<0 voi moi j# i. Khi do, h ¢ G = {f,,
[e) .

j X

£y £y 3
Chiing minh
Dé chirng minh B6 dé 2, ta sir dung B6 dé 3 vé6i ndi dung nhu sau:
B6 dé 3: Gia sir fva g 1a hai lam s6 thuc, khong 4m va kha tich d6i v6i do do 2 nao d6
trén mién Q va sao cho théa man diéu kién:

Tich phan [ (f —g)du(x)=0 9)
Q

Khi d6 tich phan | flogidy(x) >0 (10)
Q g

va n6 bang 0 khi va chi khi f=g x - hau khip noi trén Q.
Chiing minh
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Ta ching minh B6 dé 3 cho truong hop f va g 14 nhitng ham roi rac.
Ménh dé 1: Cho hai chudi s thyc khong 4m va hoi tu: Y a;, Y.b; voi a;, b; 20 sao

cho (Xa; - ¥b;)>0. Khi do Zailog%zo. (11)
1

Bat dang thirc (11) chi bang 0 khi va chi khi @,=b, véimoii=1,2,3,...
Chiing minh

Bét déng thirc (11) twong dwong véi bat dang thuc (12) sau day:
2a; logﬁSO (12)
i a;

Ta s€ chirng minh (12) nhu sau:

Trudce hét, ta xét ham s6 f(x) = Inx (logarit népe) (log, x =log, x =In x). Bay gio ta

khai trién ham f(x) trong lan can V(1) = (1-¢, 1+¢).
Ta c6: Inx = In(x-1+1)=In[(x-1)+1] = (x-1)-(x-1) 22 £?) 7!, trong d6 & (1, x).

) R b; b; b; 2 2
Vioovdy, Xalog——=Xa[(—--D)-(=--D"(257)] = (Zbi-2a;) -
1 al 1 al al
> a;( % ~1)?(2£*)]1<0 vi Tb; <Y a;. Pay la didu phai ching minh.
1 4
Bay gi¢ ta chimg minh Bo dé 2. Ta ky hiéu tp hop G = {f|, f,,..., f; } va h(x) la ham
méat do xac suit cua dai luong ng?lu nhién X trén Q. Ta gia thiét he G.

A X N 8

1/ Gié st tich phan [ 4(x) log%d,u(x) >0, ta can ching minh rang h = f; -

Q (X
J

hau khap noi trén Q, dac biét 1a A ;. That vay, gia st tréi lai rang h # f;, tic 1a c6 ton tai

mot1déh=f,. Tirdé va tir gia thiét:

T2 g >0 voi moi % i j = L 2 .. k Ta suy ra

o )

) fix)In Md 1(x) >0, vi bat ding thirc d6 dung cho moi j nén né ciing dung cho j =

Q J;(x)

L tec 1a [ f,(x) ln&d,u(x) >0, hay [ f,(x) lnMd,u(x) < 0. Piéu nay trai voi
Q fi(x) Q Ji(x)

két qua cua B6 dé 3, vayh=f ; va B6 dé duoc chimg minh.
2/ Hién nhién (suy ra tir 1).

3/ Truong hop | h(x) log%d #(x) =0 thi theo B6 dé 3 ;= ; - hau khap noi
Q

trén O, nén chiing ta khong c6 co s dé két luanh = f; hay h=f Iz
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4/ Trudng hop | h(x) log%d,u(x) <0 v6imoij# i.
Q

Néu c6 tdn tai I ma h =f,, thé thi [ £,(x)In i, 1(x) < 0. Piéu nay tréi véi B dé

/
3,viyh # f; voimoij=1,2,...,k Taclaheg G. o 1a diéu can ching minh.

4. UNG DUNG
Vidu 1: Xac dinh khoa ma DES (Data Encryption Standard)
Gia su ta nhan dugc mot ban ma X = (x, X,,..., X, ) dugc ma boi DES. Vén dé dit ra
12 hay giai ban ma do, tue 1a hdy xac dinh dang K = (k|, k,, ..., kss) voi k; € {0, 1} v6i
i=1, 2,..., 56. Trong trudong hop nay, khoéa ding K s€ thudc vao khéng gian khoda

56
Q={K(1), K@ s e K@) }, tlre 1a lyc lugng cta Q la |Q| =2 bay la mot lyc lugng
qué 16n ma hé théng may tinh cta ta hién nay khong du kha ning tim duoc khoa dung
trong Q bang phuong phap “vét can” trong thoi gian da thirc. D c6 mot sé phuong phap
tan cong dugc cong bo [.]. Tuy nhién cac phuong phap d6 chi mang tinh ly thuyé€t va con
mang tinh thanh cong theo nghia xac suat. Trong vi du nay, ching ta doi hoi:

i) DPaco mot hé théng tinh toan hi€u nang cao.

ii) Co6 mot hodc nhi€u ban ma bdi ma héa DES.

Budc dau tién cta thuat toan 1a chia khong gian Q thanh 2 tap con roi nhau: AL A,
Trong d6 mdt trong hai tip hop d6 chira khoa ding K véi xac sudt 1, ching han do 1a tip
Ay Van d 14 phan hoach nhur thé nao ?

Ta biét ring mbi quan hé giita ban ma, khoa va ban rd ¢é sy twong tmg 1-1. D6 13 mbi
khoi ma 64 bit twong ting véi mot khoi ban rd 64 bit (8 bytes) va twong tng 1-1 vai khoa
K. Sb tht ca cac khdi 13 64 bit (8 bytes) ¢6 thé 1a 26° ~1,6.2''. Nhu vay khoa dtng chi
c6 thé thudc vao tap hop A v6i lyc luong ‘Al‘ ~1, 6211 <212

baéy 1a mot con s6 ma véi cong nghé hiéu ning cao (hodc céng nghé cluster) hoan toan
c6 thé vét can dé€ xac dinh khoa ding néu chiing ta cé mdt ti€u chuan ban rd tot.

Nhu vay, khong gian khoa cua DES 1a Q c6 thé phan hoach thanh 2 tip con (2 16p):
Q=AU A, v6iA; N A,=@. Trongdo [4]~2" va |4,|=20/2"% ~ 2%

Tiéu chuén ban rd dugc trinh bay ¢ B6 dé 2 véi k=2 (16p).

Sau day 1a mot vi du don gian bang sb:

Cho ban md y = AJJIT BRJHF XHXRJ JUBAR SMITR UHXVU GGQBI HE. Biét
rang day 1a ban ma dung mat ma thay thé don véi ngon ngir tieng Viét. Hay giai ban ma do
(tirc tim khéa ma thay thé don).

Day la bai toan kha don gian nén ta lam nhu sau:

1/ Phan lop: Trong tiéng Viét (viét theo 15i Telex) c6 6 ky tu cao tan nhét 13 “T, H, A,
N, O, 1" ta gan cho 16p A, . S6 ky tu thap tan nhit 1a “P, Q, K, J, X, Z” duoc gan cho 16p
A, . Céc ky tu con lai duge gan cho 16p A 5.
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2/ Tinh tan s6 cac ky tu cia ban ma y, ta nhan dugc két qua nhu sau:

A|/B|C|ID|/E|F|G|H|T|J|K|L|M|N|JO|P|Q]|R|S|T]|U

2 13/0)J0 1T ]1]2 |4 13]5]0]0]1 [0 ]OJO]1 |4 ]1]2

98]

VIWIX|Y|Z
0131010

Nhan xét: C6 7 ky tu ctia ban mé y c6 tan sd cao nhat 1a {B, H, I, J, R, U, X}.

Ta ch y 16p thirnhat A | .

3/ Thuc hién tim khoa K: V& Iy thuyét ta c6 tit ca 7! = 1.2.3.4.5.6.7 = 840 phép thay
thé dé tim khoa dung. Nhung thuc t€ v4i 12 vong thay thé chiung ta da xac dinh dugc khoa
gidi ma K la:

A|/B|C|D|E|F|G|H|T|J|K|L{M|N|O|P|Q|R|S|T|U
c|jl|.-|. |m|f|le|a|nfof|. |[.|. |. |. |. ]t |h|lu|lg]i

VIWIX|Y|Z

\4 . X

(X2

Céc déu “.” & dudi cac ky ty ma 1a chua xac dinh dwoc vi ban ma y qué ngan.
3/ Ban thong bao duoc giai ma ra la:
x = “coongj hoaf xax hooij chur nghiax Vieetj nam”./.

Vidu2:

Dé 1am vi du, trude hét ta c6 nhan xét sau ddy: Xét ham sé f(x) =Inx vé6i In 13 logarit
népe va x>0. RO rang f(x) 1a ham déng bién néu x>1. Trong trudng hop 3 cua bd dé 2, néu
gid tri x ~ 1 thi In1~ 0 va do d6 khi 1dy phan nguyén ta déu nhén dugc gia tri phan nguyeén
ctia n6 1a 0. Bé giam thiéu truong hop nay, ta can nhén gia tri cua f(x) boi mot hang sb k
du 16n trude khi 1y phan nguyén, ching han ta lay k = 10.

Cho 2 day bit: X;= 10011 10100 00110; X,= 11000 11010 01001. Bay gio gia st ta
nhan duoc d§~1y gieflc trung Y = 10100 01110 00001. Hay tra 101 cau hoi Y = X; hay Y = X,
? Ap dung b d& trén, ta tinh

o 413 L 414
fl_ Al_ 413 ’ f2 - AZ_ 412
0]-3 \ 63
[IOIHfl/fz] = A3: 0 4 va h=B= 32

Do d6, S = tr( A3.B") =-1<0.

Vay, Y = X,. Két qua nay phu hop véi thuc té 1a khoang cach hamming d(B,X,) = 5 <
d(B,X;)=9.Chuy réng cic ma trin A, A,, va B 1a céc tan sb bd d6i moc xich twong ung
Vi cac vecto X, X, va Y & trén. Con tr(A) 1a vét (trace) ctia ma tran A va X' 1a ma trén
chuyén vi cia ma tran X.

5. KET LUAN
Bai bao trinh bay két qua cua viéc giai bai toan phan 16p c6 giam sat (supervised
classification) va véi so k 1op da cho trude. Trudong hop nay don gian hon bai toan phan
16p khong cod giam sat (non-supervised classification) véi so 16p k chua biét. Nhung no
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phuc vu yéu cAu cua bai toan dinh vi d6i tuong da dat ra. Ngoai ra, bai bao mai chi giai
quyét duge ddi tuong y co thude A ; hay khong, chir chua tim dugc x€A; may = x theo
mot nghia nao d6. Dé giai quyét tiép van d& nay, ching t6i s& dua ra hai tiép cén:

- Mot la xdy dung khoidng cich d(x,y), x€A;, tr d6 x = y khi va chi khi
d(x,y)=min(d(x',y)).

x €4
- Hai 13, nho sy hd tro va phdi hop véi co quan chuyén mon.
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Nghién ciru khoa hoc cong nghé

ABSTRACT

A METHOD DETECTING AN OBJECT BASED ON
SUPERVISED CLASSIFICATION

The aim of the paper is to study and propose a method detecting an object based
on supervised classification. To resolve the problem, the paper proposes two
lemmas (lemma 1 and lemma 2) developed from the lemma of Information and
Statistical Theory, and makes some suggestions applied in pratise.

Keywords: Classify; Language Identification; Characteristics.
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