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Ung dung cac mé hinh tinh toan lwgng tir phdi hop voi
thuat toan one-versus-all dé xay dwng céng cu nhan dang
va phan loai da Iép

Application of quantum computation models and one-versus-all
approach to implement multi-class pattern recognition solutions

Tran Hoai Linh

Tac gia lién hé: linh.tranhoai@hust.edu.vn
Pai hoc Bach khoa Ha Noi

Ngay nhan bai: 02/4/2023

Ngay nhan bai stra sau phan bién: 16/6/2023
Ngay chap nhan dang: 20/6/2023

Tém tat

Co hoc lwong tir da dwoc nghién ctru tir dau thé ky XX tuy nhién nhé vao cac dét phattrong viéc phat trién cac
mach phan cirng thuc té dé tai tao lai cac cong thirc ly thuyét ma cac nghién ciru (rng dung mé hinh tinh toan
lwgng t&r dwoc thic déy manh mé trong th&i gian qua. Cac mé hinh tinh toan nay cé cach tiép can kha khac biét
so v&i cac mé hinh kinh dién nén mé ra nhiéu co hoi dé cé thé dat dwoc cac két. qua maéi, co6 wu diém vwot hon so
v&i cac mé hinh kinh dién. Trong bai bao sé dé cap t&i viéc sir dung mét mé hinh 1a mach phan loai bang bién thién
lwong tlr (Variation Quantum Classifier) dé& ap dung cho cac bai toan nhan dang. Giai phap trong bai bao nay sé
ap dung mé hinh one-versus-all d& str dung cho bai toan nhan dang da |&p. Gidi phap dwoc ap dung thir nghiém
cho b6 di¥ liéu nhan dang hoa dién vi, dwoc so sanh vé&i hai phweng phap kinh dién 1a phan loai bing K-means va
phan loai bang Fuzzy Clustering cho thay dat dd chinh xac cao hon so v&i cac phwong phap kinh dién.

Ter khéa: Tinh toén luong ti; bién thién lwong ti; trich ehon dac tinh; mé hinh nhén dang.

Abstract

Quantum mechanics is a relatively new field of physics, which has been studied since the beginning of the
twentieth century, but the latest breakthroughs in the development of practical hardware circuits implementing
theoretical formulas helped to intensify the finding of new applications of quantum mechanics in computation
algorithms in recent years. These computation algorithms have quite different approaches from the classical
models, which open up new opportunities to achieve new results with advantages over the classical models. In
this paper, we will present an application of Variation Quantum Classifier in recognition problems. The solution
in this paper will apply also one-versus-all approach to deal with multi-class recognition problem. The solution
is experimentally tested with the Iris recognition dataset, and compared with two classical classifiers, K-means
classification and Fuzzy Clustering, showing higher accuracy than the classic methods.

Keywords: Quantum computing; variation quantum classifier; features extraction; classification model.

1. DAT VAN PE

Co hoc lwong tr (Quantum Mechanics) la mét chuyén
nganh cla vat ly nghién ctru vé cac hién twong chi yéu
& mirc d6 cac hat ha nguyén t& [1, 2]. Trong thé giGi
lwong ter, nhirng hat kich thwéc siéu nhé nay co cac
quan hé rang budc va cac tuwong tac vat ly rat khac so
v&i nhitng mé hinh quan sat dwoc trong thé gi¢i vi mé.
M6t trong nhitng nguyén tac chinh cla co hoc lwong tir
la mét hat (mét d6i twong) khéng co trang thai xac dinh
khi chung ta chwa tién hanh quan sat né. Cé nghia la
néu mét déi twong trong thé gidi vi mé cé thé xuét hién
& nhiéu trang thai khac nhau thi trong thé gi&i lwong i,

Ngw&i phan bién: 1. GS.TSKH. Than Ngoc Hoan
2. PGS.TS. Nguyén Long Giang

hat d6 sé ton tai ddng thei & tat ca cac trang thai véi cac
xac suat hién thue hoa twong trng. Khi ta tién hanh quan
sat (hay con goi la do mét ddi twong) thi trang thai cia
déi twong sé chuyén thanh 1 trong cac trang thai dich
v&i xac suat néu trén. Sau khi dbi twong da chuyén vé
trang thai xac dinh nay thi sé khéng quay lai trang thai
lwong tir nhw trvdc d6 dwgce niva. Viéc sir dung khai
niém xac suét ciing c6 nghia la ching ta chi cé thé dy
doan kha nang xay ra ctia mot két qua cu thé, thay vi cé
thé dw doan két qua mot cach chac chan.

Tinh toan lwong t& la mét dinh hwéng méi st dung
cac y twéng cla co hoc lwong tir dé thue hién cac mo
hinh tinh toan [3, 4]. Trong cac phwong phap sé kinh
dién, moét bit dwoc siv dung dé lwu trir va thao tac don
vij théng tin co ban véi hai trang thai la 0 hoac 1. Trong
tinh toan lwgng tlr, mét khai niém bit long tir (qubit

Tap chi Nghién ctru khoa hoc, Truong Dai hoc Sao Do, S6 2 (81) 2023| S
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- quantum bit) dwoc siv dung thay thé, c6 thé & trang
thai 0 va 1 cing mét luc cling nhw nhiéu trang thai khac
cung mét lic (v&i cac xac suat twong (rng). Pay la mot
dang téng quat héa théng tin logic kinh dién. Diéu nay
cho phép céac thuat toan lwong tlr thwe hién mét sbé
loai tinh toan da dang hon so v&i cac thuat toan truyén
théng [5].

Tinh toan lwong t& van la mét linh vwc twong dbi méi
va c6 nhiéu thach thirc can phai vuot qua. Tuy nhién,
né co tiém nang cach mang hoa dién toan va giai quyét
cac van dé tét hon so véi may tinh truyén théng. Dé
thwe hién cac tinh toan lwgng tlr, y twdng co ban la st
dung cac mach lwgng tlr dé thwc hién cac thao tac trén
qubit nham bién déi dir liéu dau vao thanh mét dang
ma may tinh cb dién co thé xr ly dé& dang hon.

Giébng nhw cac mé hinh hoc may kinh dién, cac moé
hinh tinh toan lwgng t& cling co6 thé dwoc huan luyén
dé diéu chinh cac théng sé ctia minh dé cé6 dwoc dap
(’ng dau ra mong muén. Mot s6 mé hinh da dwoc
dé xuét s dung cho cac bai toan nhan dang va wéc
lwong, trong d6 phan I&n cac bai toan nhan dang hai
I&p cho két qua kha quan, nhwng cac bai toan nhan
dang da I&p con co nhiéu han ché vé dé chinh xac [6,
7]. Trong bai bao nay sé trinh bay mét phwong phap
tng dung cac mé hinh lwong ti d& xay dwng cac méd
hinh phan loai va nhan dang da I&p. Phuwong phap dé
xuéat sé dwoc thir nghiém trén bd sé liéu mau kinh dién
phan loai cac dang hoa dién vi va cho két qua véi sai
s6 kiém tra dat 6,67%.

2.CO SO'LY THUYET VA MO HiNH

2.1. Gi®i thiéu vé cac mé hinh lwong tir va tinh toan
Iwong tor

Trong céac tinh toan dwa trén logic Boole va hé sé héa
hién nay, bit 1a don vi co ban cla thong tin, c6 thé nhan
1 trong 2 gia tri 1a 0 hoac 1. Trong cac mdé hinh lwong
ter, don vi twong rng dwoc goi la qubit (quantum bit)
va 2 trang thai twong tng s& duoc ky hiéu 1a |0) va
|1), v&i toan tir | ) dwoc goi la toan tir ket [8]. Khi do
cac bit lwgng tir sé& 1a té hop tuyén tinh cla hai trang
thai o|0)+B|1) véi cac hé s6 phirc thda méan diéu kién
|a” +] " =1 do diéu kién rang budc bién d6 bang 1.
V6i biéu dién nay, mét qubit c6 thé dwoc mé ta béi mot

véc-to 2 phan ti “1 Voimsta nay, hai trang thai co

ban sé co6 dang:
1

CRIDRATEN 0
0

p=ofoer)=[{) @

Xac suat dé tlr mot trang thai ta thu dwoc két qua 0
hoac 1 khi do trang thai la:

=[5 |- aloy 1)

2 3)

P 0)=

. { (= 0)=[ef
Pls—1)-|f

M6t chudi (tap hop) N qubit sé tao thanh mét thanh ghi

lwong tr.

Mot cdng logic lwong ti trong trweng hop tbng quat sé
c6 dau vao la 1 thanh ghi lwong ti N-qubit va dau ra la
1 thanh ghi lwong t& M-qubit. Ham truyén dat cda céng
lwong t&r dwoc mo ta bang ma tran trong mién phirc U
théa man diéu kién déi xirng sau:

Uec” :Uu.U =U"U=1 (4)
Trong do: Uf lama tran chuyén vilién hop clia ma tran
U (twong dwong v&i U,Tj = U;’,- ). Cling str dung chuyén
vj lién hop ta dinh nghiatoan t& bra & dang:

lhE e

V&i cac dinh nghia toan tir ket va toan ti bra, ta cé mot
s6 vi du tinh toan sau:

oal<lg o) valnol-(] o) ®

Trong s6 cac cong lwong tir co ban, co thé ké téi cac
cong sau:

- Cac cdng Pauli: Gém 3 cbéng dworc ky hiéu:

S N ECRUBAD
oy =" =100+ -0 )
;o)

0.~y 5 )-lo-(ol-n-

Cac cbng Pauli nay xuét phat tir y twéng cia Nguyén ly
loai trir Pauli, theo d6 cac electron trong mét nguyén ti
can phai dwoc sap xép sao cho khéng cé hai electron
nao co6 thé ddng thdi chiém gite cung moét trang thai
lwong t&, hay hiéu thay mét cach don gian thi trong
mot quy dao nhat dinh, chi c6 hai electron cé thé chiém
cac trang thai lwvong t&¢ khac nhau. Hai electron chiém
gitr trong moét trang thai lweng tiv nhat dinh phai c6 spin
ngwoc chiéu hay noi cach khac, phai phan song song
v&i nhau.

- Céng Hadamard: c6 ma tran mé ta nhw sau:

o 1 (1 1 8

I (8)
- Cbng xoay: Cé 3 dang xoay khac nhau, dwoc tuan tw
cho theo cac ma tran nhu sau:

6  Tap chi Nghién ctru khoa hoc, Truong Dai hoc Sao Do, S6 2 (81) 2023



LIEN NGANH DIEN - DIEN TU - TU DONG HOA

o[ 1) )
v s o) ’
R.(0)= (1) e(")gj

- Céng CNOT (Controlled-NOT): La cbéng tinh NOT
lwong t‘L’J’ cﬂax mét qubit tuy theo trang thai cia mot
qubit diéu khién khac.

0 0 0

0 0
0 1
1 0

CNOT = (10)

S o o =

0

- Cdéng CZ (Controlled-Z): La céng dbi dau pha clia mot
qubit tly theo trang thai ciia mét qubit diéu khién khac.

100 0
010 0
CZ= (11)
001 0
000 -1

- Khi mét trang thai lwgng tlr dwoc do, trang thai lvong
tlr sé tréd thanh mot trong trang thai vat ly theo cac xac
suét twong (rng. Phép do mét trang thai lwong tir dé
dat dwgrc mét trang thai v (value) dwoc ky hiéu béi toan
tee M,

P(x—)v)=<x|-MvT-Mv-|x> (12)

- Trang thai lwong t& cGa hé thdng sau khi thwc hién
phép do sé la:
M, -|x)

— (13)
(x[- M- M, -|x)

T cac phép tinh co ban, ta ¢ thé téng hop dwoc
thanh cac thuat toan tinh toan lwong ttr phirc tap hon.
Néu nhuw trong tinh toan truyén théng, mét bit dwoc stv
dung dé lwu triz va thao tac thong tin, trong d6 méi bit co
thé 1a 0 hodc 1, thi trong dién toan lwong tir, mét qubit
dwoc sir'dung thay thé, cé thé & nhiéu trang thai cung
mot lic va cé thé 1a ca 0 va 1 cing mét luc. Piéu nay
cho phép may tinh lwong t& thue hién mét sé loai tinh
toan nhanh hon nhiéu so vé&i may tinh truyén théng.

Tinh toan lwong t& dwoc thwe hién bang cach s dung
cac mach lwong tlr, la chudi cac hoat dong lwong ti
diéu khién cac qubit. Cac mach lwgng tir co thé dwoc
s dung dé thwc hién nhiéu nhiém vu khac nhau, bao
gdm giai cac bai toan, mé phéng cac hé théng lwong
t&r va thire hién hoc may lvong tr.

2.2. M6 hinh VQC va trng dung trong bai toan nhan dang

M6 hinh Mach phan loai bang bién thién lwong tir
(VQC - Variational Quantum Classifier) 1a mét md

hinh nhan dang va phan loai st dung cac thuat toan
tinh toan lwgng t&r [9]. Trong mé hinh VQC, mét mach
lwong t& dwoc st dung dé bién déi dir liéu dau vao
thanh trang thai lwong t&, sau d6 dwa qua cac céng
tinh toan lweng tlr va cudi cling dwoc do dé thu dwoc
dau ra kinh dién twong (rng v&i I6p dw doan cla dir
liéu dau vao.

Lwong tir hoa Mach sinh
x> \ dac tinh T bién thisn 1 Mach do 1’
Gié tri Gia trj Gia tri Gia tri

chinh xéc luroing tor luong tir chinh xéc

Hinh 1. So dé khéi cia mang VQC duing trong
nhén dang

CAu truc co ban ctia mé hinh VQC bao gom ba phan
nhw trén Hinh 1 [9]:

- Khéi lwvong tir hoa dic tinh (Feature Map): Phan dau
tién cia mé hinh VQC la khéi lwong t&r héa dac tinh,
dwoc thwe hién bang mot mach lwong ti dé bién déi
dtr liéu dau vao thanh trang thai lvong tir.

- Mach sinh bién thién (Variational Circuit): Phan the
hai ctiia mé-hinh VQC |a mach sinh bién thién, 1a mot
mach lwong i chira cac théng sb cé thé diéu chinh
dé t6i wu héa dd chinh xac cta dau ra bang cac thuat
toan hoc.

- Mach do: Phan cubi cung ctia mé hinh VQC |1a mach
do, dwoc st dung dé thu dwoc dau ra chinh xac tr cac
trang thai lwong t cGia mach sinh bién thién.

Cac thong sb ctia cac khdi trong mé hinh VQC c6 thé
dwoc huan luyén bang cac thuat toan hoc cé hwéng
dan nhw cac mé hinh hoc may kinh dién.

2.2.1. Khoi lwong tir héa dic tinh

Khéi lwong tir héa dac tinh la mét mach lwong t& anh
xa di¥ liéu diu vao chinh xac sang trang thai lwgng t.
N6 thuwerng bao gdbm mét loat cac cong lwong ti ma
héa div lieu chinh xac thanh cac bién d cua trang thai
lwong tr. Vi du nhw khéi lwong t&r hoa dac tinh Pauli
la mét trong nhirng khéi lwong t héa don gidn nhat
va n6 st dung cdng Pauli & ma hoéa dir liéu dau vao.
D6i voi vecto dau vao nhi phan x = (x,, X,, ..., X.), khoi
lwgng tir hda dac tinh Pauli dwgc cho b&i [10, 11]:
D(x) = o HO(0x(1)80 (12)8-. 80 (x,)) (14)
Trong d6: 6(x) l1a mét théong sb phu thudc vao vecto
dau vao x, qubit x, dugc dwa qua cdng c_( ) con cac
cac qubit con lai dwgc dwa qua cong o_ (). Toan tw
® trong cong thirc trén biéu dién tich tensor cla cac
toan tir Pauli tdc déng Ién cac qubit khac nhau. Vi
du: Biéu thirc o, (x)®0, (x,)®0, (x;) biéu thi toan
tl () thc dong trén qubit 1, toan t& o_( ) tac dong
trén qubit 2, toan ttr o_ () tac ddng trén qubit 3. Tich
tensor nay c6 thé hiéu la hoat déng ddng thdi trén ca
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bdn qubit. Vi du thi hai la khéi lwong tir hoa dung cac
cbng quay R(). Khi str dung cbéng quay quanh truc Y,
khéi lwong tir hoa R, bién dbi vecto dau vao nhi phan
X = (X,, X,,..., X) theo cong thirc:

@(x>=1ﬁRy(e(x,f>>-|o>

Trong d6: 6(x, j) 1a ham diéu khién géc quay cla qubit
thtr j va phu thudc vao vecto dau vao x.

(19)

2.2.2. Mach sinh bién thién va khéi do lwong

Khéi sinh ngau nhién la mot khdi bién ddi cac théng
s6 dau vao cla cac qubit si? dung cac khéi tinh toan
(cbng) co ban [12, 13]. Vi du trén Hinh 2 la mét khi
sinh ngau nhién gébm hai cdng quay mac néi tiép la
quay xung quanh truc x mét géc 6, va quay xung quanh
trucy mot géc 6,. Trong do cac goc 6 va 6, la cac tham
s c6 thé dwoc diéu chinh trong cac qua trinh huan
luyén sau nay.

RX' (el) RY (92)

Hinh 2. Vi du minh hoa mét khéi sinh bién thién
gbém 2 céng quay theo truc X va va theo truc Y

Q1 >— Measure |—»

Vidu xét 8, = m/3, 6, = w/4. Khi d6 cac ma tran quay
twong rng theo (9) sé tré thanh:

o) b
Byl

6

i) (5
ufs) ()

Néu dau vao la qubit |0) = (1,0)" thi du ra sau hai khéi
quay (trwéc khéi do Measurement) 1a:

R

Biéu dién két qua trén & dang t6 hop cla hai qubit co
bén |0) =(1,0)" va [1)=(0,1)" thu duoc:

(16)

(17)

)=0,61~|0>+(0,33—i.0,46).|1> (18)

0,61
0,33-7-0,46

V&i két qua nhu trén, khéi do sé c6 xac suat dau ra la
0 hoac 1 twong rng la:

0,61%

P(—0)= ~=0.53
0,61% +]0,33—i-0,46|
o (19)
|0.33—-i-0,46|
P(—>1)= - =0.47
0.61% +0,33—i-0, 46|

Trang thai dau ra 0 hodc 1 nay c6 thé dwoc st dung
trong bai toan nhan dang nhi phan dé phan loai hai

nhém déi twong [6, 7]. D6i véi cac bai toan nhan dang
da l&p, viéc tang sb lwong trang thai trung gian thwéong
lam t&ng sai s& nhan dang [6, 7].

2.3. M6 hinh VQC phéi hop v&i thuat toan one-vs-all

Do cac gia tri clia qubit sé& dwoc quy vé mét trong hai
gia tri 0 ho&c 1 & khéi do cubi cung nén mang VQC
sé phu hop dé trng dung trong cac bai toan phan loai
2 16p. M6 hinh VQC nhan dang truc tiép da 16p ciing
da dwoc mot sb tac gia dé xuét thir nghiém, tuy nhién
két qua nhan dang chi dat dé chinh xac khi kiém tra la
70% [20] khi dung trwc tiép 4 dac tinh va 73% khi dung
bd sung thém phan tich PCA (Principle Component
Analysis) [20].

Xac sut
thugeop 2 hotle
vQC-1  fe-ee- —-
Class 1vs. (Cless 2+3)
Xéc suét

thube lop 1

Xéo sub L
—— thuoe iop 1 hodic 3 Két qua
X Lwong tr hoa vQc-2  peeeee- ————— nhén dang
dac tinh Class 2vs. (Class 1+3) MaxNet f——3m-
Xac sust

? thube iop 2

Gié tr Gié trf
Xéc sudt
thue ibp 1 hogc 2
vQc-3  peeeees ——--
Class 3vs. (Class 1+2)
Xéc suét

chinh xéc Iuong tir
thuée I6p 3

Hinh 3. M6 hinh phéi hop thuét todn VQC
va thuat toan one-versus-all

Do céac gia tri ctia qubit sé dwoc qui vé moét trong hai
gia tri 0 hodc 1 & khéi do cubi cung nén mang VQC
sé phu hop dé rng dung trong cac bai toan phan loai
2 16p. M6 hinh VQC nhan dang truc tiép da 16p ciing
da dwoc moét sb tac gia dé xuat thir nghiém, tuy nhién
két qua nhan dang chi dat do chinh xac khi kiém tra 1a
70% [20] khi dung truc tiép 4 d&c tinh va 73% khi dung
bd sung thém phan tich PCA (Principle Component
Analysis) [20].

Dé phan loai dwoc nhidu I&p, vi du nhw minh hoa 3 16p
sb liéu nhw trén Hinh 3, trong bai bao nay dé xuét st
dung gidi phap one_versus_all [15] bang cach chuyén
bai toan phan loai 3 m4u vé 3 bai toan phan loai 2 mau:
mé hinh 1 phan loai mau 1 va khéng phai 1 (tirc la mau
thuéc nhém 2 hodc 3); mé hinh 2 phan loai mau 2 va
khong phai 2,... Tdng quat héa, néu bai toan co N 16p
thi sé& co N khéi phan loai nhi phan. M&i moét mau sé dau
vao sé duoc test véi cd N mo hinh. Két qua nao co xac
suéat cao nhat sau N 1an test sé dwoc lwa chon. Trudng
hop c6 2 két qua co6 cuing xac suét thi sé lwa chon ngau
nhién 1 trong 2 trwdng hop 1a két qua cudi cing.

3. BAI TOAN NHAN DANG HOA DIEN Vi

Bo dir liéu hoa dién vi (Iris data sef) la mét bd dir liéu
duwoc siv dung phd bién trong cac minh hoa vé hoc
may. B6 dir liéu nay dwoc gidi thiéu lan dau tién boi
nha sinh vat hoc ngwdi Anh Ronald Fisher vao nam
1936 va ké tlr do da tré thanh mot bd div liéu chuan
phd bién cho cac mé hinh nhan dang va phan cum.

B6 di lieu nay bao gébm 150 mau, v&i 50 mau cho
méi loai trong sbé ba loai hoa dién vi: Iris setosa, Iris

8  Tap chi Nghién ctru khoa hoc, Truong Dai hoc Sao Do, S6 2 (81) 2023



LIEN NGANH DIEN - DIEN TU - TU DONG HOA

versicolor va Iris virginica nhw trén hinh... [14, 15]. Méi
mau bao gébm cac két qua do 4 dac tinh clia méi mau
hoa la: chiéu dai dai hoa (sepal length), chiéu rong dai
hoa (sepal width), chiéu dai canh hoa (petal length) va
chiéu réng canh hoa (petal width). Méi dac tinh dwoc
do bang centimet.

c.Virginica

Hinh 4. Ba loai hoa dién vi (IRIS) duwoc st dung
trong b6 150 méu cua Fisher

Bo dir liéu nay bao gébm 150 mau, v&i 50 mau cho
méi loai trong s6 ba loai hoa dién vi: Iris setosa, Iris
versicolor va Iris virginica nhw trén hinh... [14, 15]. M&i
mau bao gom cac két qua do 4 dic tinh clia méi mau
hoa la: chiéu dai dai hoa (sepal length), chiéu réng dai
hoa (sepal width), chiéu dai canh hoa (petal length) va
chiéu réng canh hoa (petal width). Méi dac tinh dwoc
do béng centimet.

DAu ra ctia nhan dang c6 3 loai nén ta s& ma hoa thanh:
Setosa — d = 1; Versicolour — d = 2; Virginica — d = 3.

Bang 1. Vi du 9 m&u cho 3 loai hoa dién vi

TT | x, (cm) | x, (cm) | x, (cm) | x, (cm) Loai
1 54 3,9 1,7 0,4 Setosa
2 4.6 3,4 1,4 0,3 Setosa

TT x, (cm) | x, (cm) | x, (cm) | x, (cm) Loai

3 5,0 3.4 1,4 0,3 Setosa

4 57 2,8 45 1,3 Versicolour
5 6,3 3,3 47 1,6 Versicolour
6 4.9 2,4 3,3 1,0 Versicolour
7 7,6 3,0 6,6 2,1 Virginica
8 49 2,5 45 1,7 Virginica
9 7.3 2,9 45 1,7 Virginica

Trén Hinh 5 la minh hoa phan bé cac mau theo tirng
cap d&c tinh c6 trong co s& dir liéu. Ta c6 thé nhan
thay rat nhiéu mau cla cac loai hoa khac nhau nhung
lai bi tréng chéo 1&n nhau khién cho bai todn phan loai
sé kho hon.

? " ,"—‘(. .
- " &“ I
i -
g, b -
; ‘___s_,:—'- o
1 '.:-:.'"'
) Cakre 1@

ezl jang —pa o sangm pelnd_entty

Hinh 5. Phan bé cac méu trong bé sé liéu Iris

4. CAC KET QUA TiNH TOAN VA MO PHONG

Pé xay dwng cac mé hinh nhan dang bang cac thuat
toan huan luyén c6 hwéng dan, tir bod sb liéu gébm 150
mau, 120 mau dwoc lwa chon ngau nhién dé lam bo
mau huan luyén, 30 mau con lai dwoc siv dung dé
l[am bd mau kiém tra. M hinh VQC dwoc dé& xuat st
dung khéi lwong tr hda déc tinh 1a khéi véi tén goi la
ZZFeatureMap [16, 17] nhw mé ta trén Hinh 6.

Con khéi tao bién thién lwong tir dwoc st dung 1a khi
Ansatz [9, 18, 19] nhw biéu di&n trén Hinh 7.

=D E— :
= o<

~HE o2~

Hinh 6. So db khéi luong tir héa cho 4 dau vao
dac tinh cta hoa dién vi
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Hinh 7. So db khéi sinh bién thién dung trong mé hinh
VQC dé xuét

Khéi do tai dau ra ciia VQC sé sir dung mé hinh tinh
xac suat va dwa ra két qua la trang thai cé xac suét Ion
nhat dé lam két qua nhan dang cubi cing.

DPé phan loai dwoc 3 I1&p sbé lieu nhw trong bai toan
nhan dang hoa dién vi, trong bai bao nay dé xuét st
dung giai phap one_versus_all [15] bang cach chuyén
bai toan phan loai 3 m4u vé 3 bai toan phan loai 2 mau
nhw da trinh bay trong tiéu muc 2.2.

Cac mang VQC dwoc huan luyén bang thuat toan
COBYLA [21, 22] (Constrained Optimization By Linear
Approximation optimizer) v&i 150 1an 1ap. Sai s6 dau
ra cia mang VQC dwoc minh hoa trén Hinh 8. Co thé
nhan thay, sau khoang 100 lan 13p thi sai s6 dau ra
dwoc cai thién rat it, qua trinh hoc co6 thé dwoc coi la
da hoi tu.

Error values during the training process

4] 25 50 75 100 125 150
lteration

Hinh 8. Gia tri cia ham sai s6 dau ra trong qua trinh
hoc mang VQC

Két qua huan luyén, mach VQC phan loai chinh xac
108 mau trong téng s6 120 mau, dat d chinh xac 90%.
Két qua kiém tra trén 30 mau méi, mach VQC phan loai
chinh xac 28 mau, dat d6 chinh xac 93,33%.

B6 s6 lieu mau hoc va kiém tra dwoc str dung dé chay
thtr v&i haimé hinh nhan dang kinh dién la mé hinh phan
l&p K-means va mé hinh Fuzzzy Clustering [15, 23]. Két
qua nhan dang dwoc téng hop nhw trong Bang 2.

Bang 2. C4c két qua nhan dang bang cac mé hinh kinh
dién va bang VQC

Saish| Saisé > s | Saiso

Mo hinh hoc |hoc (%) kiém | kiém
. AN tra | tra (%)
K-means 3 I6p 13 10,83% 4 13,33%
Fuzzy Clustering| 12 10% 4 13,33%
VQC 12 10 2 6,67%

Cac két qua mo phéng cho thdy mang VQC cé kha
nang twong tw nhw cac mé hinh kinh dién. V&i cac két
qua hoc kha twong dwong nhau, mang VQC c6 két
qua kiém tra tét hon so v&i hai mang kinh dién da thir
nghiém l|a K-means va Fuzzy Clustering. Tuy nhién,
do bd sé liéu con han ché nén cac két qua bwéc dau
nay con can dwoc kiém chirng lai v&i cac bai toan
khac, nhét 1a v&i cac bai toan co cac bo sé lieu 1on,
qua trinh hoc phirc tap va cé nhiéu cac diém cuec tri
dia phwong cé anh hwéng tiéu cuwe téi chat lwong cla
qua trinh hoc.

4. KET LUAN

Bai bao da trinh bay vé kha nang s& dung mé hinh
mach phan loai bang bién thién long t&r VQC dé ap
dung cho céac bai toan nhan dang. Giai phap trong bai
bao nay da mé réng kha nang nhan dang cac bai toan
hai I&p thanh kha nang nhan dang cac bai toan da I&p
st dung phwong phap one versus_all. Giadi phap da
duwoc ap dung thi* nghiém cho bé dir liéu nhan dang
hoa dién vi, va da dwgc so sanh v&i hai phwong phap
kinh dién la phan loai bang K-means va phan loai béng
Fuzzy Clustering cho thay dat d6 chinh xac khi kiém tra
cao hon so v&i cac phwong phap kinh dién khi sai s6
clia cac qua trinh hoc la twong dwong nhau. Cac két
qua nay phan nao cho thay dwoc tiém nang ctia mach
VQC néi riéng va cac mo hinh tinh toan lwong tk noi
chung trong viéc giai quyét cac bai toan véi tin hiéu
chinh xac.
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