Tap chi KH&CN Trudong DPHXD Mién Tay (ISSN: 2525-2615) S6 09 (06/2024)

Nghién ctru nhan dang s6 viét tay va ing dung giai
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TOM TAT

Bai nghién ciru tap trung nghién cuu cdc mo hlnh may hoc CNN, KNN, Mobilenet va dap
dung vao gzal Sudoku bang cdc phirong phdp tién xir 1y div liéu givip dp dung cac moé hinh
nhdn dién sé viét tay, sau khi cho cdc mé hinh lan leot hudn luyén va kiém tra trén tdp dir
liéu MNIST két qua cho thdy mé hinh CNN Ia 99,08 % mé hinh Mobilenet la 98,36% va mé
hinh KNN la 97,7%. Qua bai nghién ciru gitip c6 thé thdy dwoc diém manh va diém yéu ciia
cdc mé hinh giip doc gia c6 thé dwa ra goi ¥ vé viée dp dung mé hinh nao cho phit hop vao
tirng dé tai hay dw dn khdc nhau .

Tir khoa: CNN : Convolutional Neural Network, KNN: K-Nearest Neighbors, MNIST:
Modlified National Institute of Standards and Technology database.

ABSTRACT

The study focuses on researching machine learning models such as CNN, KNN, and
MobileNet, and applying them to solve Sudoku using data preprocessing methods to enable
handwritten digit recognition. After training and testing the models on the MNIST dataset,
the results showed that the CNN model achieved 99.08%, the MobileNet model achieved
98.36%, and the KNN model achieved 97.7%. Through this study, we can see the strengths
and weaknesses of each model, providing suggestions on which model is suitable for different
topics or projects.

Keywords: CNN : Convolutional Neural Network, KNN: K-Nearest Neighbors, MNIST:
Modified National Institute of Standards and Technology database.

1. GIOI THIEU

Vi cac nhu cdu thi truong khac nhau hién
nay da kich thich sy da dang cua cac phuong
phap may hoc khac nhau, tir nhitng phuong
phap may hoc phuc tap giup cho viéc nhan
dang chuin x4c va nhanh chéng dén cac mé
hinh may hoc don gian va dung it tai nguyén
clia may nhung van hoan thanh noi dung cong
viéc mot cach t6t nhat va giup nang cao ning
suat trong cong viéc. Dé c¢6 thém nhicu dir
lidu truc quan vé cac méd hinh gitp cac doc
gia c6 goc nhin vé cdc mo hinh, nhém tac gia

49

d3 tién hanh nghién ctru va so sanh cac mo
hinh méay hoc hién dai ngay nay v4i cac mo
hinh trudc day, nhom tac gid chon dai dién
nhimg md hinh may hoc di duoc danh tdt
nhu m6 hinh méy hoc CNN (Convolutional
Neural Network) , mé hinh may hoc KNN
(K-Nearest Neighbors) va m6 hinh may hoc
MobileNet [1-3].

2. PHUONG PHAP NGHIEN CUU
2.1. Tién xir Iy hinh dnh:

Trong cong ngh¢ mdy hoc (Machine
learning), tién xu ly anh dau vao la mét trong
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nhimg budc quan trong khong thé thiéu giup
cai thién chét lugng anh tdt hon va dinh dang
lai anh dau vao, giup cho hé thong nhanh
chéng nhan dién anh va lam tang hi¢u sudt
nhan dién anh.

Pé giup mo hinh c6 thé xir Iy anh ta can
phai tién xir Iy anh nhu: 1am mo anh, lam giam
cac bién dong dot ngdt giita cac pixel trong
anh, tao ra hiéu ung min va tron. biéu nay
giip lam min anh va gidm do ndi bat cua ddi
tugng trong anh giup giam cac chi tiét khong
mong mudn trong anh, 1am cho anh tré nén
don gian, d& hiéu hon.
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Hinh: 1. Anh da duoc lam mo

Nhi phan héa anh gitp trich xuét cac dic
trung cua ddi twong trong anh mot cach dé
dang hon. Céc dic trung nay c6 thé st dung
trong cac nhiém vu: nhan dang ddi tugng, phat
hién bién...

anh nghi phan

anh géc

Hinh: 2. Nhj phan hoa anh

Loc nhidu (khtr nhifu) 1a mot van dé
thuong gip trong nhan dang. C6 nhiéu loai
nhiéu nhu: nhiéu mudi tiéu, nhidu dém,
nhiéu vét,... Trong Gmg dung ndy, nhom tac
gia st dung phuong phéap bién ddi hinh thai
hoc (Morphological transformations). Trudc
tién, nhom tac gia tao ra mot phﬁn ttr cAu tric
(Structuring element) cé kich thude 1a (2,
2). Két qua khi 4p dung phuong phap bién
do6i gitp lam muogt hon hinh anh va loai bo
nhiéu[4].
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anh qua khtr nhiéu
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Hinh: 3. Anh sau khi qua khir nhiéu

Dé khic phuc cac duong nét bi x6i mon do
phin tir ciu tric (Structuring element) hodc do
chét luong 4nh, nhoém nghién ctru tan dung lai
phan tir cdu tric (Structuring element) dé mo
rong bién anh bang cach thuc hién phép mé
rong (Dilation) ciling la mdt trong nhitng phép
bién d6i hinh thai hoc dugc su dung phé bién
trong xtr ly hinh anh gitp cac s6 day dang hon.

anh géc anh qua khr nhiéu
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Hinh: 4. Bién anh dwoc mo rong
2.2. Trich xudt ludi Sudoku:

b¢ trich xuat lué1 Sudoku chung ta can
tim c4c vién trén anh, str dung tim kiém duong
vién d€ tim cac duong vién trén hinh anh.
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Hinh: 5. Anh SUDOKU

Tiép theo, ham lap qua timg dudng vién
dé tim da giac c6 bon goc va dién tich 16n hon
mot ngudng nhét dinh. Néu tim thdy da giac
phu hop, dugc xac dinh 1a hinh Sudoku can
tim. Sau d6 xac dinh toa do cia bén gbc cua
Sudoku. Qua trinh nay st dung céc chién lugc
nhu tim géc trén trai voi tong toa do x va y
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nhd nhat, goc trén phai véi hiéu toa do x vay
16n nhat va tuong tu cho cac géc con lai.

Diéu chinh d6 nghiéng ludi Sudoku do
lac quét vao khong can than hodc do rung lic,
luéi Sudoku bi 1éch so véi 18 chuin mot gdc a,
diéu nay tao thir thach cho budc tach sb, thinh
thoang khong thé tach dugc. Dé khic phuc,
trudce tién ham chuyén ddi céc toa do cua cac
géc tir kiéu dir liéu chudi cac sd thanh kiéu dit
liéu float32. Sau do, tinh toan chiéu rong tbi
uu cho hinh vudng bao quanh Sudoku bing
cach x4c dinh khoang cach 16n nhét giira cac
canh cua hinh vuong.

Ké tiép, ham tao mdt mang mai chira toa
d6 ctia bdn goc cua hinh vudng véi chiéu rong
tinh dugc. Sau dd, sit dung ham dé tinh toan
ma tran bién doi tao thanh hinh vudng tir hinh
anh gdc. Cudi cling, ap dung ma tran bién doi
dé bién ddi hinh anh gdc thanh hinh vuéng.

Dé trich xuét cac s6 khoi ludi chung ta can
phai bo cac dudng ludi khoi anh bang cach tao
ra mdt mat ludi Sudoku, sau d6 sir dung ham
dé tach cac dudng ludi chira lai cac s trén anh
va bit dau cat cac sd trong anh dé thanh mot
mang chira cac anh so[4].

Tach céc s6 tir luéi sudoku
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(a) Anh gbc
(b) Sau khi tach céc sb

Hinh: 6. Hinh Sudoku sau khi qua xur [y
2.3 Gidi thiéu dir lidu hudn luyén:

Bo dir liéu MNIST la tap dir liéu quan
trong va ndi tiéng trong linh vuc hoc may va
thi gidc may tinh. Bao gdm 60,000 hinh anh
chir sé viét tay cho qua trinh huén luyén va
10,000 hinh anh cho qua trinh kiém tra. Mdi
hinh anh c¢6 kich thudc 1a 28x28 Pixel va duogc
gan nhan chinh xac cho mdi chir s6 tir 0 dén 9.
B9 dir liéu nay duoc st dung rong rai dé hun
luyén va danh gia cac m6 hinh hoc may trong
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viéc nhédn dang va phan loai chir s6 viét tay[5].
2.4. Cac giai thudt phan logi van ban:

C6 nhiéu thuat toan duoc dung dé nhan
dang sb viét tay. Trong bai viét ndy, nhém
tac gia da su dung ba thuat toan Mobilenet,
KNN, CNN. Trong bai bao “Reconnaissance
des chiffres manuscrits par un systeme
immunitaire artificiel flou” dugc dang trén hoi
nghi chuyén dé quéc té ISKO-Maghreb vio
thang 11 ndm 2014 cua nhoém tac gia Merabti
H, Kouahla M. N, Seridi H da st dung mo
hinh KNN dé nhan dang sé viét tay trong d6
st dung hai phuong phap mién dich tu nhién
(NISs) va nhén tao (AIRS) dé hoc tap. Sau khi
sir dung AIRS Fuzzy-KNN d cho ra két qua
1a 96,5 %][6].

Bai bao “Comparisions on KNN, SVM,
BP and the CNN for Handwritten Digit
Recognition” dugc dang trén tap chi 2020
IEEE International Conference on Advances
in Electrical Engineering and Computer
Applications (AEECA) vao ngay 06/10/2020
cua nhom tac gia Wenfei Liu, Jingcheng Wei,
Qingmin Meng d sir dung bon mo hinh KNN,
SVM, BP va CNN dé nhén dién chir viét tay
trén MNIST véi d¢ chinh x4c 1an luot 1a 94.6,
94.1, 96.6 va 97.7[7].

Ngoai ra trong bai bao “Handwriting
Recognition on Form Document Using
Convolutional Neural Network and Support
Vector Machines (CNN-SVM)” dugc dang trén
tap chi 2017 Fifth International Conference on
Information and Communication Technology
(ICoICT) vao ngay 19/10/2017 cta hai tac gia
Darmatasia va Mohamad Ivan Fanany da st
dung mo hinh CNN két hop SVM dé nhan
dién chir viét tay trén tap dir liéu NIST SD 19
thé hé 2 v6i d6 chinh xac 1a 98.85[8].

Ngay 25/04/2019 nhom tac gia Preman
Ghadekar; Shubham Ingole; Dhruv Sonone
d3 st dyng mo6 hinh KNN va SVM dé nhéan
dién chir viét tay trén MNIST va EMNIST voi
dd chinh xac 13 97.33 va 97.74 duoc thé hién
trong bai bao “Handwritten Digit and Letter
Recognition Using Hybrid DWT-DCT with
KNN and SVM classifier.” dugc dang trén
tap chi 2018 Fourth International Conference
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on Computing Communication Control and
Automation (ICCUBEA)[9].

Trong bai bao “Handwritten Digit and
Letter Recognition Using Hybrid DWT-
DCT with KNN and SVM classifier.” duoc
dang trén tap chi 2018 Fourth International
Conference on Computing Communication
Control and Automation (ICCUBEA) vao
ngay 25/04/2019 cta nhém tic gid Preman
Ghadekar; Shubham Ingole; Dhruv Sonone da
stt dung mé hinh KNN va SVM dé nhan dién
chit viét tay trén MNIST va EMNIST véi do
chinh xéc 1a 97.33 va 97.74[10].

Trong nghién clru nay, nhom tac gia tim
hi€u chi tiét cdc mo hinh va ung dung cac mo
hinh vao bai toan Sudoku.

2.4.1. Thudt toan KNN.:

Thuat toan KNN 1la mot phuong phap
phan loai cac dbi twong dua trén khoang cach
giita dbi twgng can phan loai va cac dbi tuong
trong tap huin luyén. Nguyén ly hoat dong
cua K-Nearest Neighbors (KNN) dua trén
gia thuyét rang céc diém dir liéu c6 dac diém
tuong ddng s& ndm gan nhau trong khong
gian dac trung. Khi gap mot diém dir lleu moi,
KNN s& xac dinh nhitng diém dir liéu gan nhat
trong khong gian déc trung va sir dung nhan
ciia nhitng diém nay dé du doan nhin cho
diém dir liéu méi[11].

Céac budc can dé hoat dong KNN:

Budc 1: Chuén bi dir liéu dung dé huén
luyén.

Budc 2: Chon sb luong diém lang giéng.

Trong KNN, sé luong diém lang giéng
can duoc chon dé du doan nhan ciia mot diém
dir liéu méi. SO lugng diém lang giéng nay
duoc goi 1a tham s6 K ctia thuat toan.

Budc 3: Khi ¢6 mot diém dit liu méi, ta
can tinh khoang céch gitta nd Vé‘i cac diém dir
lidu trong tap huén luyen Mot s6 phuong phép
tinh khoang cach phd bién bao gém: khoang
cach Euclid, khodang cach Mahalanobis hay
khoang cach cosine.

Budc 4: Chon K diém lang giéng gn nhat

Sau khi tinh khoang céch gitta cac diém

52

S6 09 (06/2024)

de lidu [y budc 3, ta s& chon ra K diém lang
gleng gan nhét v6i diém dit liéu méi. Nhimng
diém nay s& duoc dung dé du doan nhan cho
diém dir liéu mdi.

Dé co thé danh gia khach quan va nhim
tang hi€u suat cia md hinh, ching t61 da cho
md hinh chay véi cac khda k tir 1 dén 10.

97.2 %.
9.9 %.
97.3 %.
97.2 %.
97.3 %.
97.2 %.
97.3 .

Prediction in 41.3 s
Prediction in 41.4 s
Prediction in 41.2 s
Prediction in 41.8 s
Prediction in 41.4 s
Prediction in 41.3 s
Prediction in 41.2 s

Fit in 0.1 s.
Fit in 0.0 s.
Fit in 0.1 s.
Fit in 0.0 s.
Fit in 0.1 s.
Fit in 0.1 s.
Fit in 0.1 s.

Accuracy of KNN with 1 neighbors:
Accuracy of KNN with 2 neighbors:
Accuracy of KNN with 3 neighbors:
Accuracy of KNN with 4 neighbors:
Accuracy of KNN with 5 neighbors:
Accuracy of KNN with 6 neighbors:
Accuracy of KNN with 7 neighbors:
Accuracy of KNN with 8 neighbors: 97.1 %. Fit in 0.0 s. Prediction in 41.3 s
Accuracy of KNN with 9 neighbors: 97.2 %. Fit in 0.0 s. Prediction in 45.9 s
Accuracy of KNN with 10 neighbors: 97.1 %. Fit in 0.1 s. Prediction in 41.4 s

Hinh: 7 Két qua mé hinh véi gid tri k tir 1-10

Chung ta c6 thé thiy duoc mic di khong
dan két qua cho k 16n hon viéc tang gia tri
tham s, tham chi 1én 10, ciing khong lam ting
hiéu suat mo hinh. Dé két qua tét hon duoc
dua ra bang phép do trong s6 ‘khoang cach’
- nhd d6 chiing t6i d4 ghi lai hai két qua phan
loai tot nhat: 97,3% véi k = 3 va do chinh x4c
tuong tu voi k =5 va k=7. Vi vay dé t6i uu mo
hinh ching t6i chon gié tri k=3.

Buéc 5: Dy doan nhén cho diém dir lidu
maoi

Mic du KNN khong thuc hién qua trinh
huin luyén nhu cic md hinh khac, qua trinh
nay van quan trong dé mo hinh c6 thé thuc
hién dy doan sau nay. Trong qua trinh huin
luyén, KNN sé& chi don gian 1a luu trir toan bd
tap dir liéu huan luyén, cing v6i nhin tuong
g cua timg diém dir liéu. Khi can du doan
nhin cho mot diém dir liéu méi, KNN sé& dung
thong tin nay dé tinh toan va chon ra cac lang
giéng gan nhit. Mic du qua trinh huin luyén
khong “hoc” ra mot mo hinh tuong minh, no
van can thiét & mo hinh c6 thé thuc hién du
doan mot cach chinh xac.

2.4.2. Thuat toan CNN:

Su phat trién dot pha caa CNN bét dau
tr nam 2012, khi Alex Krizhevsky, Ilya
Sutskever va Geoffrey Hinton gianh chién
thing trong cudc thi ImageNet Large Scale
Visual Recognition Challenge (ILSVRC),
CNN d4 tr¢ thanh mot phan khong thé thiéu
trong cac ung dung thi gidc may tinh nhu phan
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loai anh, nhan dién khuén mat, nhan dang vat
thé, va nhiéu tmg dung khéac. Céc bién thé va
cai tién ciia CNN tiép tuc duoc phat trién, gitp
no tré thanh mot cong cu quan trong trong linh
vuc tri tu¢ nhan tao va hoc may[12].

Mang no-ron tich chap (CNN) bao gom
mot sb 16p tich chap két hop vé6i cac ham kich
hoat phi tuyén, chiang han nhu ReLU hoic
Tanh, nham tao ra cac thong tin triru tuong
hon cho cac 16p tiép theo.

Trong qua trinh huén luyén, CNN tu dong
hoc dugc cac thong s6 cho céc bo loc (filter).
Vi du, trong tac vu phan loai anh, CNN s& ¢6
ging tim ra cac thong s ti wu cho cac bd loc
theo thur tu tr Raw Pixel (Pixel tho), Edges
(Canh), Shapes (Hinh dang), Facial (Khuon
mat), dén High-level Features (Dic trung cp
cao). L6p cudi cing cia CNN dugce sir dung
dé phan loai anh.[3].

Diém quan trong nhat cua mang Neural
nim & cac gla tri trong s6 va tap trong s6, néu
cac trong s6 nay co gia tri ding dan thi mang
s& phan 16p hoan hao. Chung ta can timg budc
chinh stra tip trong sd nay biang cach huin
luyén mang dua trén cac cip mau dau vao
duoc dua vao mang, sau d6 tinh sai sb gitta
két xudt ciia mang véi gia tri mong doi ma
chung ta biét truéc. Nhom nghién ctru st dung
phuong phap huin luyén mang hoc dua trén
do dbc ctia mat 15i.

Pé thay doi trong sd ctia mang Neural,
chung ta phai tinh d¢ doc mat 18i trén timg
trong s6 hay noi cach khac 1a tinh dao hém
riéng phan cua ham 16i trén tung trong so
thudt toan lan truyén nguoc sai sb gitp chung
ta tinh dao ham nay.

Cong thirc ham 16i dugc tinh nhu sau:

1
=) 1y —a@l|

+ Budc 1: Nhap mau x.

(1

+ Budc 2: Lan truyén tién.

+ Buédc 3: Loi output.

+ Budc 4: Lan truyén nguoc 15i.
+ Budc 5: Két qua.

Cho moi mau huan luyén mang, chung ta
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huén luyén mang theo 3 buéc sau:

+ Budc 1: Nhap tap huan luyén

+ Budc 2: Véi mdi mau x: Gan gid tri cia
X twong Ung trong tang input va thuc hién céc
bude

- Lan truyén tién: Véi mdi 1=2, 3, ..., L,
tinh .
- L6i output : Tinh vector (2).

- Lan truyén nguoc 16i: Vil =1L-1, L-2,
. 2, tinh ().

+Bude 3: V&imdil =L, L-1, ..., 2, cap
nhét cac trong so theo quy tac [13]

01"5"” = ﬂjold —1 )( ‘?ﬁﬂll (2)

buow = bolg —n XVl (3)

Output Shape Param #

Layer (type)

conv2d_6 (Conv2D) (None, 26, 26, 32) 320
max_pooling2d 6 (MaxPoolin (None, 13, 13, 32) <]
g2D)

conv2d_7 (Conv2D) (None, 13, 13, 64) 18496
max_pooling2d_7 (MaxPoolin (None, 6, 6, 64) <]
g20)

conv2d_8 (Conv2D) (None, 4, 4, 128) 73856
max_pooling2d_8 (MaxPoolin (None, 2, 2, 128) ]

g20)

flatten_2 (Flatten) (None, 512)

dense_8 (Dense) (None, 32832

dense_9 (Dense) (None, 8320

dense_10 (Dense) (None, 1290

Total params: 135114 (527.79 KB)
Trainable params: 135114 (527.79 KB)
Non-trainable params: © (0.00 Byte)

Hinh: 8 Cdu triic mé hinh CNN
2.4.3 Thudt toan Mobilenet.

MobileNet dugc phat trién bdi mot nhém
cac nha nghién ciu tai Google, bao gdom
Andrew G. Howard, Menglong Zhu, Bo Chen,
Dmitry Kalenichenko, Weijun Wang, Tobias
Weyand, Marco Andreetto, va Hartwig Adam.
Cong trinh nghién ctru cta ho dugc cong bd
lan dau vao nam 2017 va da gép phan quan
trong vao viéc dua tri tué nhan tao gan hon
v6i cude sdng hang ngay cua tat ca moi nguoi
thong qua viéc phat trién nhitng mo hinh nho
gon va hi¢u qua [14].
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MobileNet di ¢ su tng dung rong khip
trong nhiéu linh vuc coa tri tué nhan tao.
Mot trong nhitng Gng dung quan trong nhat
cua MobileNet 1a trong viéc nhan dang va
phan loai anh trén cac thiét bi di dong. No
cling dugc dung trong cac ung dung nhan
dién khuon mit, phat hién ddi tugng, va phan
doan hinh anh. Sy nhe nhang va hiéu qua cua
MobileNet bién né tré thanh mot lwa chon
hop 1y cho cac ing dung Al trén cac thiét bi
di dong (tablet, smartphone) va cac thiét bi
ToT va téi hién tai MobileNet da xuét hién
rat nhiéu ban nang cap. M6 hinh MobileNet
moéi nhat hién nay tinh téi cubi nam 2023
dd cho ra bang MobileNetV3. Tuy nhién
trong bai viét nay, nhém nghién ctru st dung
bang MobileNetV1 vi mac du cac phién ban
MobileNet méi c6 hiéu xuit t6t hon nhung
do dung nhirng k¥ thuat phtrc tap da lam tang
cac chi phi tinh toan, ngoai ra nhom tac gia da
tung thir nghi€ém cho mo hinh MobileNetV2
huén luyén trén MNIST nhung do quy mé bai
toan nén hiéu xut gitta m6 hinh MobilenetV?2
v6i MobilenetV1 chénh léch khong déng ké
nén nhém nghién ciru quyét dinh st dung mé
hinh MobilenetV1.

Trong MobileNet V1, hop tich chap trong
hinh anh da cho bao gdm cac tich chap theo
chiéu sau va diém duoc lap lai 13 lan sau 16p
tich chap ban déau [15].

Mo hinh gdm ¢6 30 16p:

Lop 1: Tich chap Layer (Stride = 2).

Lop 2: Depthwise layer (Stride = 1).

Lép 3: Pointwise layer.

Lop 4: Depthwise layer (Stride = 2).

L&p 5: Pointwise layer

Céc 16p tir 16p 6 dén 16p 29 thudng 1a mot
chudi lap lai cua Depthwise va Pointwise tich
chap Layers.

L6p 30: Softmax, dung dé phan 16p.

Dua vao kién triic ctia mé hinh c6 thé thy
duogc MobileNet dugc xay dung dua trén kién
truc CNN. N¢ str dung céc 16p tich chap, cac
16p Normalization va cac 16p Pooling nhu céc
thanh phan co ban ciia mot mang CNN. Trong
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khi cac mang CNN truyén thong cé thé cb
hang triéu hodc tham chi hang ty tham s6, diém
dac biét giap MobileNet vuot trdi hon CNN
la str dung cac k¥ thuat nhu tich chéap riéng
biét theo chiéu sau (Depthwise Separable tich
chéap) dé giam s6 luong tham sé va luong tinh
toan can thiét.

K§ thuét tich chap riéng biét theo chiéu
sdu (Depthwise Separable tich chap) 1a mdt
tich chap theo chiéu sau duoc két hop vd1 mat
tich chap theo diém nhu sau:

‘‘‘‘‘‘‘‘‘

Hinh 9: Ky thudt tich chdp riéng biét theo chiéu
sdu ctia Mobilenet

Convolution theo chiéu sau: La mot phép
convolution khong gian kich thuéc DKxDK
theo tung kénh riéng biét.

Convolution theo diém: Convolution
c6 kich thudc 1x1 (nhu trong hinh 5.2). Voi
M la sb luong kénh dau vao, N 1a sb luong
kénh dau ra, Dk la kich thudc kernel, Df la
kich thudc feature map (vi du, voi tap dir liéu
ImageNet, kich thudc dau vao la 224, do do
feature map ban dau c6 Df = 224), ta c6 thé
tinh duogc: [16-17].

S6 lwong phép tinh ciia convolution theo
chiéu sau la:
Dy-Dy-M.Dr. Dy 4)
S6 lugng phép tinh cia Pointwise
convolution la:
M.N.D;. Dy (5)
Tong S6 lwong phép tinh ctia Depthwise
Separable Convolution la:
Dy-Dy-M.Ds. Dy + M.N.D;. Dy (6)

Néu khong dung Depthwise Separable
Convolution ma dung phép convolution binh
thuong, sb lugng phép tinh 1a

Dy Dy-M.N.D;. Dy (7)
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Do d6, S6 luong phép tinh s& giam
Dy-De-M.Dp. Dy + MAN.Dp.D; 1 1 ®)
=—4+—
D Dy-M.N.Dy. Dy N D}

2.5 Thudat toan SUDOKU

Mic di xuét hién 14n dau tién & My§ vao
nhitng nam 1970 béi Howard Garns, mdt
kién trac su ¢ Indiana. Tuy nhién, trd choi
nay khong dugc biét dén rong rai cho dén khi
duoc gioi thi€u & Nhat Ban boi mot tdp san
Puzzle. Vao nhitng nam 1980 Sudoku da lan
rong khap thé gigi nhanh chéng thong qua
sach, tro choi dién tir va bao chi. Trong nhitng
nam 2000, Sudoku tr¢ thanh mdt hién tugng
trén toan thé gidi, thu hit mot luong 16n ngudi
choi tir moi lra tudi va trén moi 16p xa hoi, vi
vay nhom téc gia quyét dinh ing dung cac mo
hinh vao nhiém vu nhén dién anh sb dé giai
bai toan Sudoku .

Ngay nay, Sudoku c6 nhiéu bién thé khac
nhau: 3x3, 4x4, 6x6, 5x5, 7x7, 8x8, 9x9,
12x12, 16x16, 25x25,... D6i v6i dé tai nay,
nhom nghién ctru 4p dung cho Sudoku dang
chudn 9x9 sir dung phuong phap Heuristic va
phlIO’l’lg phap quay lui (Backtracking) duogc
két hop voi cac rang budc (Constraints) dé
giup do giai bai toan. Phuong phap Heuristic
thuong tim dugc 10 giai tot tuy nhién giai bai
toan theo thuat giai Heuristic thuong dé dang
va nhanh chéng dua ra két qua hon so véi giai
thuat t&i uu, vi thé chi phi thap hon.

Phuong phap quay 1u1 (Backtracklng) la
mot ky thuat giai quyét van dé trong 1ap trinh,
thuong dugc su dung khi cé mot tap hop lon
cac phuong 4n c6 thé va chung phai dugc thir
tat ca dé tim ra két qua chinh xac. Ky thuat
nay hoat dong bang cach thtr timg phuong an
mot va néu phuong 4n d6 khong hoat déng
(khong dap ung cac rang budc hoic khong dan
dén két qua mong mudn), thuat toan quay lui
tro lai va tht phuong an khac.

Trong truong hop cua Sudoku, quay lui
thir timg sO tir 1 dén 9 cho mdi 6 tréng, va sau
d6 kiém tra xem s6 d6 co dap ung cac rang
budc cua Sudoku khong. Neu s0 do thda man
cac rang budc, thuat toan tlep tuc di sau vao
céc 0 tiép theo, néu khong, né quay lai va thir
s6 khac.
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Céc rang budc trong Sudoku bao gdm:

M&i hang chi c6 thé chira mdi s6 tir 1 dén
9 mot lan.

MB3i cot chi c6 thé chira mdi s6 tir 1 dén
9 mot lan.

Mdi 6 vudng 3x3 chi c6 thé chira mbi sd
tor 1 dén 9 mot lan.

Khi két hop phuong phap quay lui véi cac
rang budc nay, thuat toan sé tién hanh thir timg
50 cho mdi 6 trong, nhung chi chap nhan cac
s6 thoa mén cac rang budc néu trén. Néu tt ca
cac 6 déu dugc dieén va khong cé xung dot nao
xay ra, Sudoku dugc giai thanh cong.

3. KET QUA VA THAO LUAN
3.1. Két qua hudn luyén:

Sau khi cho nhitng mé hinh huin luyén
trén MNIST, cadc mo hinh cho két qua nhu sau:

+ O mé hinh CNN cho ra hiéu suit nhu
hinh 10:

Biéu dé Do chinh xac

0.99 4
@ 0.98
X
X
R
£ 0971
«©-
Q
0.96
—— P06 chinh xac Huén luyén
0.95 - ~— DO chinh xac Kiém tra
0 2 4 6 8 10 12 14 16 18 20
Epoch
Bi€u d6 Mat mét
0.225 1
0.200 —_— M:it mallt H.udan luyén
— Mat mat Kiém tra
0.1751
0.150 4
N
£ 0.1251
v
s 0.100 4
0.075 4
0.050 4
0.025 1
0 2 4 6 8 10 12 14 16 18 20
Epoch
Hinh 10: D6 thi biéu dién két qua thir nghiém mé
hinh CNN
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Do thi cho thdy: Khi st dung mé hinh
CNN, gia tri mat mat trén tap hudn luyén giam
dan va gan nhu dat dén d6 chinh xé4c tuyét ddi
trén tap nay, diéu nay 1a hop ly.

Chung ta c6 thé thay duge mo hinh ¢6 hiéu
suat cao dap Gmg du yéu cu cua bai toan va
mé hinh sau hudn luyén c6 trong lugng 1,640
KB kha nhe do nhom tac gia chi st dung mo
hinh CNN ¢6 céu triic don gian va co ban tuy
nhién mo hinh van cé hiéu suat kha cao véi
két qua tot nhat vai 1a 99,84% trén tap hudn
luyén va 99,08% trén tap kiém tra.

+ O md hinh Mobilenet cho ra hiéu suét
nhu hinh 11:

Bi€u d6 Mat mat

0.35 1

—— Mat mat Huan luyén
~— MA&t méat Kiém tra

0.30 1
0.25 1
©
£ 0.20 1
©®
= 0.154
0.10 4
0.05

0.00 -

8 10 12 14 16 18 20
Epoch

0 2 4 6

Bi€éu do B0 chinh xac

1.00 1
0.99
0.98

N

€ 0.97

L

<€ 0.96

H o=

()

« 0.95 1

(]
0.94

= D0 chinh xac Huén luyén
PO chinh xac Kiém tra

0.93 1
0.92 -

8 10 12 14 16 18 20
Epoch

0 2 4 6

Hinh: 11 D6 thi biéu dién két qua thir nghiém mé
hinh Mobilenet

Qua biéu dd, mé hinh sau khi huén luyén
qua 20 Epochs, chung toi thay su bién dong tir
khoang 98.36% dén 99.77% trén cac Epochs.
Mic du c6 sy bién dong, nhung khong cé xu
hudng ting hodc giam rd rét, cho thiy ring mo
hinh khong bi Overfitting hodc Underfitting
dac biét trén tap kiém tra.
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V& mit mat trén tap huén luyén, nhom
nghién ctru quan sat nhan thdy n6 giam dan qua
cac Epochs, tir khoang 0.0592 & Epoch dau tién
xudng khoéng 0.0177 & Epoch cudi ciing. Didu
nay chi ra rang mo hinh dang hoc dugc cach
biéu dién dit liéu va giam thiéu mat mat.

Tuong tu, vé mat mat trén tap kiém tra,
chung t6i ciing quan sat dugc su bién dong tir
khoang 0.0093 dén 0.0563 trén cac Epochs.
Mic du ¢6 sy bién dong nhung khong c6 xu
huéng ting hodc giam rd rét, cho thiy ring
mod hinh khong gidp phai Overﬁttmg hodc
Underfitting dac biét trén tap kiém tra.

Tuy nhién mo hinh sau khi huan luyén cé
trong luong dén 39 571 kb .

+ O m6 hinh KNN khac so véi ciac mod
hinh tuyén tinh do hoat dong trén nguyén tic
gém cum va tim k diém gan diéu d6 ciing
khién mo hinh mac du khong ton tai nguyén
vao viéc huan luyén nhu cic mé hinh trén
nhung phu thudc vao dir liéu tip hudn luyén
hiéu sudt cia mod hinh trén tap dir licu huén
luyén 1a v6i két qua tot nhét 1a 97,7%.

KNN
97,40%
97,30%
97,20%
97,10%
97,00%
96,90%
96,80%

96,70%
1 2 3 4 5 6 7 8 9 10

Hinh: 12 Po6 thi biéu dién két qua thir nghiém mé
hinh KNN

Béng 1: Hiéu suat mo hinh khi huan luyén

Hi¢usudit  CNN Mobilenet KNN

Tap huan luyén 99,84 % 99,77%

Tap kiémtra 99,08 % 98,36 % 97,7 %
Trong luong 1640 39571

Thoi gian hudn

luyén trung binh 08s 38

Thoi gian nhan 7 0.077  0.0004
dién anh thue & 13 ik g/anh
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Dé thtr hiéu suat moé hinh khi tmg dung
vao thue té, nhém nghién ctru cho cac mo hinh
nhan dién 100 anh duoc cit tir anh sb viét tay
cta nhitng nguoi khac nhau nhu hinh 13:

o
o
o
o
7
’
7
t
7

~-~-00000

P~=wr~D00¢

Hinh: 13 Anh gom 2500 kiéu s6 khdc nhau

Tuy nhién, nhém nghién ctru chi cat ra
100 anh ctia moi s6 cho moé hinh nhan dién va
két qua cua cac mod hinh nhu bang 2:

Béang 2: Hiéu suat mo hinh vé1 moi so6

Nhin S6 anh diing
CNN KNN Mobilenet
0 100 100 100
1 100 44 90
2 99 50 91
3 99 24 97
4 95 32 97
5 99 28 73
6 99 41 100
7 97 54 99
8 99 66 100
9 98 23 82

Hiéu suéat cha cac md hinh

N

100

\
50
7

8 9

CNN KNN Mobilenet

Hinh: 14 Hiéu sudt ciia ba mé hinh
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4. KET LUAN

Qua qua trinh thuc nghiém nhém nghién
ctru thay dugc ting mé hinh c6 nhitng uu —
nhugc diém nhu sau:

Trong Bang 2, dbi voi mo hinh CNN &
céc s6 khac nhau mo hinh cho thay hiéu suét
kha 6n dinh véi sé anh nhén dién ding véi
nhin nim trong khoang 95 dén 100 tuy nhién
tbc do nhan dién trung binh cia mé hinh 1a
0,1s trén mdi anh (Bang 1). Song mo hinh van
cham hon so v&i cdc mo hinh con lai phu hop
v6i cac bai toan khong yéu cau thoi gian va
dir liéu nho.

DPdi v6i md hinh Mobilenet hiéu suit mo
hinh khi nhdn dién khong t6t baing mé hinh
CNN tuy nhién sy trén I¢ch khong qua 16n tu
(73 &én 100 nhan) thé hién chi c6 hiéu suat thap
do khong c¢6 tang cuong dit liéu cho mo hinh
nham tao sy danh gia khach quan véi nhiing
mo hinh khac, tuy nhién md hinh Mobilenet
lai s¢ hitu toc d nhan dién tét hon so véi mo
hinh CNN 0.077s trén mdi anh (Bang 1).

Va khéng quéa bat ngd trude két qua mod
hinh KNN ¢6 hiéu suat thip nhét trong s6 ba mo
hinh. Két qua nhu vay c6 thé hiéu dugc véi mot
md hinh phi tuyén tinh phy thudc kha nhiéu vao
tap dir liéu. V6i toc do nhan dién nhanh chéng
va nguyén ly don gian mo hinh nay phu hop véi
cac bai toan nhan dang mau va tim kiém hon
cac bai toan nhan dién va du doan.

4.1 Han ché

Tuy d4 hoan thanh vé ndi dung va chuong
trinh giai Sudoku nhung van con mét so han
ché can dugc khac phuc nhu:

Vi nhirng ky tu dinh sat nhau hodc chong
thi viéc xtr ly phan tich con giéi han.

Chua 4p dung dugc mo6 hinh Mobilenet
phién ban moi.

Giao dién mo hinh chua than thién véi
nguoi dung.

4.2 Huéng phdt trién

Ap dung mé hinh vao nhiéu van dé thuc
tidn khac va sir dung cac ban nang cip cia cac
mo hinh, st dung cac k¥ thudt taing cuong dir
lidu gitp cdc mo hinh manh m& hon va xay
dung giao dién than thién hon v&i ngudi dung.
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