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Presently, a plethora of neural network architectures, including
Convolutional Neural Networks, Recurrent Neural Networks,
Feedforward Neural Networks... have undergone significant
advancements, effectively tackling a wide array of machine learning
challenges. Nevertheless, these frameworks encounter substantial
obstacles when addressing tasks involving voluminous data, often
resulting in suboptimal precision or necessitating protracted
computational durations. Therefore, this study proposed using a hybrid
quantum neural framework that amalgamates classical machine
learning paradigms with quantum computation. Quantum computation
augments processing velocity and elevate precision through its capacity
for parallel execution and the exploitation of distinctive quantum
mechanical phenomena. In this investigation, we deployed the hybrid
quantum neural framework by combining two platforms the PyTorch
and Qiskit on the Visual Studio Code. Experimental results show that
the model achieved accuracies of 98.5% and 93.3% in recognizing
handwritten digits and letters, respectively, underscoring the
transformative potential of hybrid quantum neural frameworks in
complex recognition applications.
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Hién nay, nhiéu mo hinh mang no-ron nhu mang no-ron tich chap,
mang no-ron hdi tiép, mang no-ron truyén thang... phat trién manh mé
va gial quyét duoc nhiéu van dé trong hoc may. Tuy nhién, ddi véi
nhitng bai toan can xir 1i dir liéu I6n thi mang no-ron gap mot sé thach
thirc chua giai quyét dugc, do chinh xac thip hay can thoi gian dai. Vi
vay, nghién ctru nay dé xuét s dung mé hinh mang no-ron luong tir lai,
két hop gitra may hoc ¢6 dién va tinh toan lugng tir. Tinh toan luong tir
gitip ting toc tinh toan va ndng cao d6 chinh xac nho kha niang xur 1y
song song va tinh chét dic trung cta co hoc lugng tir. Trong nghién ctu
nay, ching t6i trién khai mo hinh mang no-ron lugng tir lai bang cach
ding két hop hai nén tang Pytorch va Qiskit chay trén Visual Studio
Code. Két qua thyc nghiém cho thidy mé hinh dat do chinh xéac lan luot
dat 98,5% va 93,3% trong nhan dang s va chir viét tay, khang dinh
tiém ning wng dung cua mang no-ron lugng tir lai trong cac bai toan
nhan dang.
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1. Gioi thigu

Mang no-ron lan dau tién dugce dé xuat vao nam 1943 bdi McCulloch va Pitts [1]. Mang no-
ron bao gdm mét sd lwong tly ¥ cac 6 hodc nit hodc don vi hodc no-ron két nbi bo dau vao voi
dau ra. Sau mot thoi gian dai khong nhan duogc su chu y, mdé hinh nay dugc phat trién va tro
thanh cong cu tinh toan hiéu qua trong nhimg nim gan dy bang cach xay dung mot sb don vi xir
1y dwa trén cac nit khop duoc két ndi véi nhau. Pay 1a mot trong cic mo hinh hoc may diy tiém
nang, duoc sir dung dé giai quyét cac van dé phirc tap nhu nhan dang hinh anh, xe hay may bay
tur 141, du doan thi truong chimg khoan (dw doan hanh vi cta nguoi tiéu ding), hé thong phan tich
rui ro, phan tich chat lugng mdi han, phan tich chit lwong may tinh, thir nghiém phong cap ciru,
tham do dau khi, xir Iy ngdn ngit ty nhién va nhiéu tng dung khéc, dic biét cac tng dung xir Ii
v6i dir lidu 10n [2]. Gan déy, nhiéu nha khoa hoc quan tdm mg dung trong nghién ctru tin sinh,
dién hinh nhu: nghién clru théng tin chi tiét vé& chirc nang cua protein co ciu trac méi la [3], du
doan cau tric cla protein gap voi do chinh xac dang kinh ngac [ [4], [5 du doén ai luc lién két
proteln ligand [6], thiét ké protein va xac dinh cic cau tric protein gip cu thé méi [7], hay cai
tién d& xuit mang no-ron mo (FNN) dé ting cuong kha nang xu ly sy mo hd va cai thién do
chinh xéc cua phén loai [8]. Tuy nhién mang no-ron van con gdp nhiing thach thire khi d6i mat
v&i nhiing bai todn c6 dit li€u 16n, trong khi yéu cau dit ra can tinh toan nhanh va chinh xac [9].

Bén canh d6, may tinh luong tir dugc phat trién vuot bac dia trén tinh toan luong tir ciing véi
cac thuét toan lugng tu siéu viét. Tinh toan lugng tir sir dung cac nguyén ly cua co hoc luong tur
dé thuc hién cac phép tinh, thay vi sir dung cac bit truyén thong (0 va 1), tinh toan lugng tur sur
dung cac qubit ma co thé ton tai & nhiéu trang thai cung mot luc nho hién tugng chong cht,
vuéng viu va giao thoa lugng tir [10]. Chinh vi thé, n6 c6 téc do xir Iy vurot bac, tinh bao mat cao
va tng dung rong rii trong tat ca cac linh vuc nhu hoa hoc, y hoc, tai chinh, tri tué nhén tao, hay
tin sinh... [10]. Su Kkét hop mang no-ron va tinh toan lugng tr tao ra mét linh vgc moi 1a mang
no-ron lugng tr (Quantum neural network: QNN) huéng dén viéc tan dung wu diém cua tinh toan
luong tir dé cai thién toc do tinh toan ctia mang no-ron [ 1 1]. Trong do, lan truyen nguoc st dung
cac ky thuét luong tir dé tinh toan va diéu chinh cac tham s6 ciia mang [12]. Gan day, nam 2025,
da c6 nhitng két qua nghién ctru ndi bat nhu Wu va cong su [13] di chi ra sy song song lugng tir
dé dat dugc song song dir liéu trong cac md hinh mang no-ron lugng tir chungbPac biét 1a viéc dé
xuat mot kién tric QNN dé kham pha cac du an sinh hoc di truyén cho cac con dudng kich hoat
dau vao véi tai nguyén tiét kiém [14]. Tuy nhién, su phat trién chua t6i wu ctia may tinh lugng tir
van con 16i mat két hop, dic biét 1a 18i cang 16n khi giai quyét bai toan phirc tap can nhidu qubit,
chinh vi thé ma QNN chwa giai quyét duoc cac bai toan phirc tap voi dit liéu 16n. Do d6, ching ta
¢6 thé két hop giita mang no-ron va tinh toan luong tir dé tan dung wu diém cua ca hai loai tinh
toan ndy. Mang no-ron lugng tir lai (Hybrid quantum neural network: H-QNN) ¢6 kha nang xir 1y
song song va tinh chét dic trung cta co hoc luong tir giup ting tdc tinh toan va ning cao do
chinh xé4c [15]. Pang chu y 12 Hafeez [16] da dé xuat mo hinh H-QNN dé phén loai hinh anh nhi
phéan, tn dung thé manh cua dién toan luong ti va mang no-ron c6 dién.

Vi nhitng cam himg d6, bai bao nay nghién ctru vé H-QNN, sir dung két hop giira Pytorch va
Qiskit chay trén nén tang Visual Code Studio v6i ngon ngit 1ap trinh 1a Python dé nhan dang hinh
anh véi chir va sb viét tay. Két qua thu dugc dat do chinh xac lan luot 98,5% va 93,3% cho nhan
dién s va chit viét tay. Thong qua qua trinh so sanh v6i phuong phap c¢b dién, thé hién duoc uu
thé cua phuong phap tinh toan lugng tur trong viée cai thién kha nang xtr Iy hinh anh v6i hi¢u suét
cao. Trién khai mo hinh H-QNN sir dung két hop PyTorch va Qiskit it dugc nghién ciru cu thé
truge do, vi viy nghién ctru ndy ap dung mé hinh vao nhén dang chir va s6 viét tay hd tro tich
cuc trong cac nghién ctru mang lai lugng tir Al. N6i dung tlep theo trong bai bao dua ra phuong
phap tinh toan ¢ phan 2, két qua thuc hién dugc bao cio & phan 3 va cudi cung 1a Két lun.
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2. Phuwong phap nghién ciu
2.1. Phwong phdp xidc dinh cdc chi $6 16i va d chinh xdc

Hiéu suat nhan dang mo hinh mang no-ron lai duoc danh gia thong qua 2 chi s6: Chi s6 16i
(Loss) va Do chinh xac (Accuracy). Trong dé, chi s6 16i khéng duoc tinh toan truc tiép thong qua
sb luong nhan du doan ding, ma dya trén muic do sai trén ting 16 (batch) dugc kiém tra. Nhu
vay, khi két hop voi chi s6 d6 chinh xac c6 thé danh gid dwoc mé hinh co roi vao truong hop
“qua khop (overfitting)” hay khong? Cac chi s6 181 va d6 chinh x4c duoc xac dinh nhu sau:

... Loi trung binh tirng 16 kiém tra
Chi s6 161 = . — (1)
S6 lrong 16 kiém tra
S6 dw doan ding 2)

Do chinh xac = — —
Tong s6 mau

C6 thé thay ton tai hai trudng hop khi mé hinh ¢6 d6 chinh xac cao: Lai cao va 13i thap. Khi
chi s6 13i thap véi d6 chinh xac cao, d& dang thay hiéu suat hoat dong ciia mé hinh dugc danh gia
cao. Nguoc lai, chi s6 16i cao két hop véi do chinh xac cao, diéu nay thé hién xac suét du doan
giita cac nhan khong c6 qua nhidu chénh léch, tuy nhién nhin ding van cé xac suét cao nhat. Do
vay, chi s6 d6 chinh x4c khong hoan toan phan anh dugc hiéu suat hoc ciia mé hinh. Nham hd tro
phan tich chi s6 18i, phuong phap thong dung dé khao sat chi s6 15i 1a so sanh loss kiém tra véi
loss huan luyén va duong co sé (Baseline), khi d6 c6 thé danh gia kha ning hoc cia mé hinh mot
cach téng quat sau khi huin luyén. Néu loss kiém tra co gia tri gan véi loss huan luyén, vuot xa
gi4 tri baseline thi mé hinh ¢ kha ning hoc hoi, tong quat hoa cac gia tri cua anh tét nham dy
doan ding dir liéu khong thudc tap dir liéu huan luyén.

2.2. Co so tinh toan lwong tir

Thé manh ciia mé hinh H-QNN & viéc ap dung cac tinh chit doc déo cta co hoc lugng tir nhu
tinh chong chét, vuéng viu va giao thoa luong tir trong khong gian vector Hilbert [10]. Chong
chat luong tir 1a trang thai h¢ luong tur co thé ton tai dong thoi & nhiéu trang thai khac nhau voi
nhiing trong sé (xac suét) riéng. Mdi trang thai qubit noi chung 1a sy Chong chit cua cac trang
thai co s&, chang han trang thai bat ki cta hé hai qubit 1a chong chat tir bon trang thai co so:

[) = al00) + b[01) + ¢|10) + d[11) 3)

trong d6, a, b, ¢, va d 1a cac hé s6 phirc, con goi 1a bién do trang thai, thoa man didu kién

chuan hoa |a|? + |b|? + |c|? + |d|? = 1. Nhu vay, trang thai |1) 13 su két hop tuyén tinh cua

cac trang thai co sd, cac hé sb twong tng cho biét cac kha ning xay ra cac trang thai d6. Vi hé n
qubit, trang thai lwong tir c6 thé ton tai & dang chong chat cia 2™ trang thai co so.

Vudng viu lugng tir hay rdi lwong tir 1a tinh chit ma mot trang thai hé lwong tir caa hai hay
nhiéu trang thai con c6 lién két voi nhau, khi thuc hién mot phép do trén trang thai nay thi ngay
1ap tirc c6 anh hudng dén trang thai dugc vudng viu. Tirc 13, mot trang thai vudng viu |1p) khong
thé bién dién bai tich tensor cua hai trang thai con [11) ® |1,), su vudng viu xay ra véi cac
trang thai da qubit. Vi dy, trang thai vuéng viu cua hé hai qubit 1a |1p) = (|00) + [01))/+/2, trang
thai vuong viu cua hé ba qubit 1a 1) = (]001) + |111))/v/2 hodc ) = (]001) + [010) +
1100))/+/3. i ,

Giao thoa luong tir 1a cac trang thai lugng tur tic dong lan nhau, lam tang hoac giam xac suat
Xay ra cua mot trang thai.

Trén mach lugng tir bao gom cac thanh ghi, qubit cac cong lugng tir ¢6 chire nang thuc hién
cac phép toan tuong tac gitra cac trang thai qubit hodc tao ra su bién doi gitra cdc trang thai lugng
t. Trong nghién ctru nay, chiing t6i st dung mot sé cong lwong tir nhu céng chuyén pha R, cong
Hadamard H... [10].
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2.3. Mang no-ron lwong tir lai

Image patch Hidden layer 1 Hidden layer 2 Final Layer
1 layer 16 feature maps 16 feature maps 256 class units

28x28 24x24 12x12 8x8
| = f y--fonu02:--4 -1
EETN i Sy B ]

---05--1--3

cma01-=-1 .10

16 layer

INPUT  kemeisxs QUTPUT
Convi MaxPool1 Conv2 MaxPool2 Flatten

(kernel 5x5) (kemel 2x2, stride 2)  (kernel 5x5) (kemel 2x2, stride 2) Layer

<«————Fully Connected ———s

Hinh 1. M6 hinh mang no-ron lai lwong twr

Mb hinh mang no-ron luong tir lai duge xay dung nhu Hinh 1, diu vao ctia mé hinh 14 cac hinh
anh c6 kich thudc 28x28 pixel va dugc trich xuét dic trung thong qua 16p tich chap (“convl”,
“conv2”) ¢ 16 kénh dau ra voi hat nhan (Kernel) kich thudc 5x5 pixel. Cac gié tri dugce trich xuat
s& duoc 1am ndi bat thong qua 16p max pooling ¢6 hat nhan kich thudc 2x2 pixel. Sau do, cac gié tri
ddc trung dugc chuyen thanh cac vector thong qua 16p két ndi day du, giam tir 256 xudng 10 chiéu
0 cac lop “fc” va dugc dua truc tlep vao cdc gia tri 6 ¢ cac cong xoay nham thyc hién tinh toan
lugng tir. Mach luong tur nam ¢ 6p gan cudi ctia mo hinh, dong vai tro phén loai dit liéu dugc trich
XUAt tai cac 16p trudce do. Cubi cung, dau ra mach luong tir 1a céc gia tri ki vong Z; duogc dua trd lai
mang no-ron ¢ dién nham thyc hién du doan két qua bang ham softmax.

2.3.1. Ma hoa bién do va mach luong tur

EEOR

Hinh 2. Mach lwong ti cua lép luwong tie
Hinh 2 mo6 ta mach luong tur cta 16p luong tir trong mo6 hinh mang lai: thanh ghi nhan dir liéu
dau vao, qua cong H (tao trang thai chong chat), cong R (dao pha trang thai), cac gia tri dau ra
cua mach lugng tu 1a cac gia tri ki vong Z; sé duoc dua trd lai vao cac no-ron ciia may tinh cd
dién dé thuc hién du doan. V6i mot hinh anh c¢6 kich thusc H X W, cac diém anh duoc chuan
hoa bién do vé khoang [0, 1], vi viy dugc bo sung thém chidu kénh va dat dinh dang (1, H, W).

Thuc hién chuan hoa bién do cac phan tur:
Xi Xi
(xi)chuﬁn hoéa = = ” ” (4)
4 x;|?
=1 L
Céc gia tri pixel sau khi dugc chuin hoa bién d6 khi dua vao 16p dau vao ciia mang no-ron co
ki hiéu 1a x, tai moi nit mang no-ron 16p ke tiep la tong hop cac dac trung x; cua lop trudc. Nhu
vay dau vao mach lugng tir 1a tong hop céac dac trung 16p trude dé duoc thuc hién trén 16p no-ron
va thu duoc gia tri:

hy = o(Wix; + waxy, + wgxs3) ()
hy, = ao(Waxq + WXy + Wexs) 6)
V6i o 1a ham kich hoat (hodc ham tuyén tinh) va w; 1a cac trong sb giita cac no-ron. Két qua
dau ra cua 16p dau vao mang no-ron s& dugc dua vao céng xoay Ry, (h;) nham thuc hién bién doi
va tinh toan phuc tap trong khong gian Hilbert.
Dau ra mach luong tir Z; duoc xac dinh dua trén xac suét do cua trang thai [0) va |1) cua ting
thanh ghi. Cu thé, gia tri ki vong duoc tinh toan dya trén cong thic:
Z; = Pi|0) — P|1) (7)
Thyc hién cac phép do xac suat trén cac qubit, phép do 1am trang thai chong chit sup d6 thanh
trang thai thanh phan véi xac suit tuong Gng:

P(li) = Kil)? = x| (8)
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Trong d6, xac suat do cua tirng trang thai dwoc xac dinh:
2

P|0) = % [cos (g) + sin (g)]z 9
P|1) = |\/_[cos( ) — sin (g)] (10)

2.3.2. Piéu chinh trong sé

Pé t6i wu hoa mo hinh str dung phuong phap diéu chinh trong ) bang lan truyen ngugc va
giam dan do ddc. Lan truyen nguoc tinh d6 ddc hiéu qua, truyén 16 tir dau ra vé dau vao dé cap
nhat trong s, giam sai s6 va tim cuc tri t01 uu. Trong mach luong tur, giam dan d6 déc duoc didu
chinh, xem mach nhu hdp den vo6i tham s6 0 va dd xé dich s, tinh do doc bang

Vo = Machluwongtt(8 + s) — Mach lwong ti(8 — s) (11)

Phuong phap nay dic biét phu hop dac trung lugng tir khi dao ham truc tiép khé thuc hién.
Ham mat mat "Mat mat xac suat logarit &m" (NLLLoss),

L = — XlogP(ylx) (12)

danh gia sai léch glua du doan va thyc te V6i N 1a s6 mau, P(y; | xl) 1a x4c suat du doan, y; va
x; 1a nhan thyc té va du doan. Gia trj L trung binh trén 16 giap truyén nguoc, didu chinh trong sO
dé cai thién mo hinh qua ting vong huan luyén. Sy két hop nay tan dung stirc manh c6 dién va
luong tir, voi ham mat mat lam cau n01 dé t6i wu hiéu qua.

Phuong phéap lan truyén nguoc ¢b dién duoc két hop véi tirng phan tir gia tri ki vong Z; nham
dua ra cong thuc tong quat cho qua trinh cap nhat cac trong s6 mang cb dién ¢ (bao gdbm trong sb
va cac tham s bais) va mang lugng tir 8. Cong thirc toan hoc cu thé ciia phuong phap nhu sau:

oL oL 3Z; 96, 3
ap  L.0Z; 96, 9¢ 13

Trong do6, gia tri L 1a chi Sé 161, duoc xac dinh bang ham mat mat di duoc nhic dén trong
phan cong cu danh gia, gia trl la gi tri dugc tinh trong phuong phap diéu chinh trong s trong

mang lugng tir V. Sau cung, gia tm ¢ duoc cap nhat trong ham khi sir dung két qua ham 2 % bang
thuat toan t6i wvu hoa Adam [17].

3. Két qua va ban luan

3.1. Thuc hién trinh hudn luyén va kiém tra

Dit liéu huan luyén va kiém tra cho mé hinh H-QNN cho nhan dién chir s viét tay duoc lay
tir tap dir liéu “Digits”, thuoc bo dir liéu ma nguén mé EMNIST [18] gom 120.000 hinh anh huan
luyén va 20.000 hinh anh kiém tra. Hinh 3 1a vi du cho mét sé hinh anh chir s6 viét tay. Di voi
nhan dién chir viét tay, mé hinh 1dy di liéu huan luyén va kiém tra tir tap dit liéu “Chir viét tay
trong dinh dang .csv” bao gom 1000 anh huan luyén va 200 anh kiém tra cho mdi nhan. Tat ca
hinh anh déu dwgc chuan hoa trén thang d6 xam va co kich thudc 28x28 pixel [18]. Trong qua
trinh hudn luyén, tép hinh anh dugc chia thanh cac 16 hinh anh nho hon (batch) gom 32 hinh anh
va cac chi s6 181 va d9 chinh xac dugc cap nhat theo timg 16 cua tirng lan hoc (epoch). Dya vao
trinh ty va cdu trac mang duoc phan tich & trén, yéu cau can thiét ké ma ngudn phu hop cho I6p
“Hybrid” va “Net” nham két hop dién toan luong tir va mang no-ron c¢d dién. Tham khao ma xay
dung l6p “Hybrid” va “Net” theo lién két [19].

3.2. Két qud thgc nghiém

Céu trac H-QNN yéu cau phan cing may tinh tdi thiéu c6 hodc c6 thé mo phong dugc 10
qubit véi bo nhé du 16n nham luu trit va xir 1y thong tin, dit liéu cia lugng 16n hinh anh. Do vay
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nham c6 thé dap Gng hai didu kién trén, mé hinh dwoc thuc hién hoa trén trinh soan thiao ma
nguon mien phi da nén tang Visual Code Studio dugc Microsoft phat trién, str dung moéi truong
Iap trinh Python 11 v&i khung lam viéc Pytorch [20].

Nhan: 1 Nhan: 1 Nhan: 3 Nhan: 4 Nhan: 4 Nhan: 1

HUAEIGLON

Hinh 3. Mét s6 hinh anh chéz viét tay trong bé diz liéu EMNIST

1.6
—— Train Loss 97.54
1.4+
95.0
1.2 :\g
1.0 g5
_ x
3038 £ 90.0
k=
0.6 1 i;_ 875
g 7.
0.4 1
85.0
0.2 —— Train Accuracy
r r T T r T T 82.5 r r T r r r
0 5 10 15 20 25 30 0 5 10 15 20 25 30
Sé 1an hoc S8 1&n hoc
(@) (b)

Hinh 4. Két qud ting lan huan luyén mang no-ron lai nhan di¢n so tr bg dit ligu “EMNIST”:
(a) Loi va (b) Do chinh xdc

Dua vao d6 thi 15i trung binh va s6 liéu dugc dua ra trong Hinh 4, mé hinh c¢6 kha ning dy
doan sb viét tay xuat sic trong khi 15i trong qua trinh huan luyén thip dan va hoi tu qua ting lan
hoc. Tai 10 lan hoc dau tién, gia tri 151 trung binh giam manh va c¢6 xu hudng dan hoi tu vé gia tri
thap nhat. Sau 30 lan hoc, chi s6 16i huan luyén dat gia tri thap nhat 0,0862 véi do chinh xac huan
luyén 98,3%; d6 chinh xac trung binh khi m6 hinh nhén dang tap kiém tra dat 98,5% voi chi s6
16i dat gia tri 0,0858 dugc thé hién trong Bang 1. Phén tich chi s6 15i cho thay, md hinh ¢6 kha
nang tong quat hoa cac dir liéu anh tét, co kha nang hoc hoi tét khi so sanh chi sb 15i trong qua
trinh nhan dang kiém tra véi gia tri baseline (= 2,30), do d6 c6 thé nhan dang tét chit sb trong
anh thudc tap kiém tra voi do chinh xac cao.

Bang 1. So sdnh phwong phdp mang no-ron ¢é dién va mang no-ron lai lwong tir 6 Viét tay

Phuong phép _ MAu huan luyén MAu kiém tra Lbi P chinh xic
Mang no-ron c6 dién 1000 200 0,087 97,7%
Mang no-ron lai lwong tir 1000 200 0,086 98,5%

Khi mé hinh dwoc huan luyén voi bo dir liéu chir viét tay trong dinh dang “.csv” (A-Z
Handwritten Alphabets in .csv format) [21], mé hinh thyc hién huin luyén véi d6 chinh xac trung
binh dat i 16 90,1% va gi4 tri 15i dat 0,48 sau 10 1an hoc nhu dugc thé hién trén Hinh 5, do chinh
xéc trung binh khi mé hinh nhan dang tap kiém tra dat 93,3% vai chi s6 18i dat gia tri 0,31 dugc
thé hién trong Bang 2. Khi phén tich céc chi s6, gid tri 16i va do chinh xéc tai lan huan luyén cudi
cuing, né tré nén hoi tu va 16i ciia qua trinh nhan dang tap klem tra thip hon gid tri qua trinh hudn
luyén, vuot xa gid tri baseline (= 3,25). Nhu vay, m6 hinh van c6 kha ndng téng quat hoa va hoc
hoi t6t véi bo dir liéu phirc tap hon, nhan dang tét cac hinh anh trong tap kiém tra.

Tu két qua thu dugc, cac chi sb do chinh xac c6 su gia tang cling nhu cac chi sb 131 ¢o su
giam nhe khi nhan dién trén tap kiém tra d6i v6i chir va sé viét tay. Piu nay 1a do trong qua
trinh huan luyén, chung t6i sir dung ky thuat chuan hoa nhu dropout dé kim ham sy “qua khop”
dan dén giam higéu suét trong huan luyén. Trong khi d6, khi danh gia trén tap kiém tra (ky thuat
chuin hoa dropout bj giam tac dung), mé hinh c6 thé hoat dong tét hon dan dén sy ting do chinh
xac kiém tra.

http://jst.tnu.edu.vn 243 Email: jst@tnu.edu.vn



TNU Journal of Science and Technology 230(07): 238 - 245

— Train Loss

Train Accuracy

2,57

2.04

Léi
-
w
B¢ chinh xac (%)
i1
S

1.0 a0

0.51

2 4 6 8 10 2 4 6 8 10
Sé lan hoc S8 1an hoc

(@) (b)
Hinh 1. Két qua ting lan hudn luyén Mang no-ron lai nhén dién tir bg di lidu
“Chir viét tay trong dinh dang .csv”: (a) Loi va (b) g chinh xdc

Két qua gitra mang no-ron ¢o dién va mé hinh ket hop mang no-ron lai lugng tr dugc so sanh
trong Bang 1 va Bang 2. Tir d6 cho thay, viéc két hop mang luong tir c6 d6 chinh x4c cao hon va
cai thién duoc chi s6 151, ¢6 thé hiéu rang viéc thém 16p lugng tir gitp md hinh dé dang phan biét
céc nhin hon thong qua co ché danh gia 15i.

Bang 2. So sanh phirong phdp mang no-ron ¢é dién va mang no-ron lai hrong tir chiz viét tay

Phuong phap MAiu huin luyén  Miukiémtra  LJdi Do chinh xic
Mang no-ron c6 dién 1000 200 0,323 93,2%
Mang no-ron lai lwong ti 1000 200 0,314 93,3%

4. Két luan

Viéc tich hop tinh toan lugng tir vao mang no-ron mang lai nhiing cai thién dang ké trong hiéu
suit mo hinh. Cuy thé, mé hinh khong chi dat d§ chinh xac cao hon vdi d§ chinh xac trung binh
dat 98,5% cho nhan dién sb viét tay va 93,3% cho nhan dién chit viét tay, ma con gia ting duoc
“d6 tu tin du doan” so v6i mang no-ron ¢ dién thong qua chi sé 16i. Pay 1a mét minh chang cho
tiém nang cua tinh toan lugng tir trong viéc hd trg cac mo hinh hoc siu hién dai.

Nghién ctru nay dé xuat mot cach tiép can khac trong linh vuc nhan dang hinh anh, duya trén
H-QNN, cac 16p mang no-ron ¢ dién dong vai trod trich xuat dit liéu anh va st dung ham softmax
dé phan loai, con mang luong tr dong vai tro quan trong trong xur 1y va tinh toan dir lieu nham toi
vu hoa kha ning huan Iuyen va tang kha nang biéu dién, nho vao tinh chat luong tur giap giam
chiéu sau cua mach, giam sé lugng tham sb, dong thoi dam bao dugc két qua dau ra. Trong céac
nghién ciru sau, hira hen trién khai trén phan cimg lugng tir that va phat trién cac 16p mang duoc
thay thé bang mang lwong tir va duge tinh toan trén cac phan cing luong tir hoan toan.

Loi cam on

Nghién ctru dugc tai tro boi Quy Phat trién khoa hoc va cong nghé Quéc gia (NAFOSTED)
trong de tai ma so: 102.05-2023.49.
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