TNU Journal of Science and Technology

227(16): 225 - 232

BUILD AN EFFICIENT DEEP LEARNING MODEL TO RECOGNIZE SKIN
DISEASE BASED ON SELF-KNOWLEDGE DISTILLATION

Phung Thi Thu Trang", Nguyen Pham Linh Chi, Nguyen Thi Ngoc Anh, Ho Thi Thuy Dung

TNU - School of Foreign Languages

ARTICLE INFO

ABSTRACT

Received: 28/10/2022
Revised: 22/11/2022
Published: 22/11/2022
KEYWORDS
Skin disease

Deep learning

Knowledge distillation
Self-knowledge distillation
Classification

Skin cancer is currently one of the most common diseases with an
increasing incidence. Therefore, early prediction or recognition of skin
diseases is currently of great interest to researchers around the world,
especially in the ISIC skin disease classification contests of 2017, 2018,
2019 and 2020. In this paper, we propose an effective new approach to
solve the problem of skin disease identification based on self-
knowledge distillation. Our method exploits and minimizes the
difference between two probability distributions from two different
versions of the same input image. The experiment results performed
with the ResNet-50 network have shown that our proposed approach
outperforms the state of the art proposed methods on standard datasets
such as HAMZ10000, ISIC 2017 and ISIC 2019. Specifically, our
method achieves 0.987 in terms of AUC on the HAMZ10000 dataset and
0.960 in terms of AUC, 0.901 in terms of accuracy, 0.910 in terms of
sensitivity, and 0.866 in terms of specificity on the ISIC 2017 dataset.
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Ung thu da hién dang 1a mét trong céc loai bénh phd bién nhat vai ti 18
ngudi mic bénh ngay cang cao. Chinh vi vay, viéc du doan som céc
loai bénh ngoai da hién dang dugc cac nha nghién ctru trén thé gisi
quan tdm dac biét 1a trong cac cudc thi phan loai bénh ngoai da ISIC
clia cac nam 2017, 2018, 2019 va 2020. Trong bai béo nay, chiing t6i dé
Xuit mot cach tiép can mai hiéu qua nham giai quyét bai toan nhan
dang bénh ngoai da dua trén qua trinh tu chung cét kién thie. Phuong
phap cta chung t6i khai thac va tdi thidu hoa sy khac biét giita hai phan
bo xéc suét tir hai phién ban khac nhau cua cing mot anh dau vao. Két
qua thir nghiém duoc thuc hién voi mang ResNet-50 cho thiy cach tiép
can chiing t6i dé xuat vuot troi hon so véi cac phuong phap hién dai dwoc
dé xut gan day trén cac bo dit liéu chuan chiang han nhu HAM10000,
ISIC 2017 va ISIC 2019. Cu thé, phuong phép cuia ching toi dat 0,987
AUC trén bo dir licu HAM10000 va 0,960 AUC, 0,901 d¢ chinh xac,
0,910 @6 nhay va 0,866 d6 dac hiéu trén b dix liéu ISIC 2017.
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1. Gigi thigu

Ung thu da 1a bénh phd bién nhét trong sb cac loai ung thu, v&i s6 ngudi dugc chan doan méc
bénh mbi nam nhiéu hon tat ca cac loai ung thu khac cong lai [1] . Ty Ié méc ung thu da & nguoi
da tring 1a cao nhat v&i khoang 200 ca trén 100.000 dan. O Viét Nam, ty 1é mac ung thu da mac
du khong cao nhu ¢ nguoi da trang nhung lai c6 sb lwong mic ngay cang gia tang, cu thé véi nam
gi6i chiém khoang 3,2 ca trén 100.000 dan va 3,1 ca trén 100.000 dan doi véi nit gisi. Ung thur té
bao hic t6, dang ung thu da nguy hiém nhat, duoc dy bao s& dat gan nua triéu ca vao nam 2040.
Con sb nay ting 62% ké tir nam 2018. Cir 4 phut lai c6 mot ngudi chét vi ung thu da. Do do, su
gia tang ty 1¢ mac bénh ung thu da duoc nhiéu béc si da lidu coi 1a mot dai dich toan cau.

Can thiép sém ddi véi ung thu da, dac bi¢t la khdi u 4c tinh, 1a diéu can thiét dé dam bao ty Ié
sbng sot cao khi ddi mat véi sb  luong ca bénh ngay cang ting [3]. Nguyén nhan chinh co thé xac
dinh dugc cia ung thu da 1a tiép xac qua nhidu véi buc xa tia cuc tim (UV). Nong do 6z6n can
Kiét dan dén su gia ting buc xa UV & mat dét, c6 thé lam ting nguy co phoi nhiém duédi anh sang
mat troi tu nhién.

Soi da 1a mét ki thut hinh anh dwoc sir dung rong rii cho phép nhin thiy bé mit da bing
cach khuéch dai anh sang st dung chit long ngam [4]. Tuy nhién, d6 chinh xac chén doan cta no6
phu thudc nhiéu vao kinh nghiém cua béc si da lidu [5], [6]. Su khan hiém nguon luc chuyén gia
& cac nude dang phat trién hodc cac nude ngheo doi co thé anh huong dang ké dén viéc diéu tri
kip thoi cac bénh ung thu da. Do d6, nhu ciu Vé cac giai phap chuin doan ty dong tur xa ngay
cang tro nén quan trong. Piéu nay dac biét thich hop v6i cac nude dang phat trién noi bénh nhan
khong dugc tiép can vai cac thiét bi y té maéi nhat va bac si chuyén mon can thiét dé chuan doan
chinh xéac.

Phén loai ton thuong da da trd thanh mét linh vuce nghién ctu phd bién trong nhitng nim gén
day sau khi ap dung ngay cang nhiéu cac ky thuat hoc sau trong linh vuc phan tich hinh anh y té.
Khac voi cac phuong phap gan ddy dé xut cac kién trac mang khac nhau nhim tang d6 chinh
xéc khi phén loai céc loai bénh ngoai da khac nhau. Trong bai bdo nay, chung toi dé xuat mot
cach tiép can duya trén viéc ty chung ct kién thirc nham tang kha nang tong quéat hoa va hiéu suat
ciia mang trong khi van giit duoc su don gian kién tric mang va chi phi tinh toan. Pong gop
chinh cta bai bao nay co6 thé duoc liét ké nhu sau:

(1) Chung t6i dé xuat mot phuong phap nhan dang bénh ngoai da méi thong qua tu chung cat
kién thuc.

(2) Phuong phép tu chung cit dugc ching t6i dé& xuat giup lam ting kha nang hoc hoi cua
mang trong qua trinh dao tao. Tir d6 giup lam ting d6 chinh xac tdng thé cua mang trong khi van
giit duoc su don gian va linh hoat ciia mang nhe ma khong can sy huéng dan ciia mang gio vién.

1.1. Bai todn nhgn dang bénh ngodi da

Hau hét cac phuong phap duoc dé xuat giai quyét bai toan nhan dang bénh ngoai da hién nay
déu dya trén hoc sau va thi gidc may tinh. Trong d6, hau hét sir dung dau vao 1a anh RGB soi da
duogc chyp tai cac viung da bi ton thuong voi d6 phong dai 16n va do nét cao. Nam 2020, Valle
cung cac cong su [7] di diéu tra 10 yéu tb co thé anh huong dén hiéu suat caia mé hinh hoc sau
cho bai toan nhan dang bénh ngoai da bao gdbm: sir dung hoc tap chuyen giao (transfer learning),
xay dung Kkién tric m6 hinh mdi, sir dung cac bo dit liéu khac nhau dé huan luyén, sir dung cac
phuong phap chuin hoa khac nhau, str dung phan doan anh, ting thoi gian dao tao, két hop véi
md hinh may vector hd trg (SVM), sir dung ting cuong dit liéu, sir dung nhiéu d6 phan giai anh
khac nhau, va sir dung ting cuong dir liéu cho tap dir liéu kiém tra. Két qua diéu tra cho thay rang
tang cudng dit liéu co6 anh huong 16n nhat dén hiéu suit cua cac mé hinh. Jianpeng cung cac cong
sur [8] dd d& xuat mot mo hinh hoc sau dia trén su chu ¥ (attention) giai quyét bai toan. Trong do,
nhom tac gia dd gidi thiéu mot co ché hoc tap chu ¥ mai dé cai thién kha niang dai dién phén biét
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cua mang noron tich chép (CNN) l:)?mg cach sir dung cac ban d6 d6i twong dugc hoc boi 16p cao
de tao ban do chu y cho mét 16p thap.

1.2. Chung cit kién thirc

Chung cét kién thtrc 12 mot trong nhimg phuong phap pho bién nhét trong hoc sau duoc gidi
thiéu lan dau bai Hinton ciing cac cong sw nam 2015 [9]. Chung cat kién thic nham muc dich
chuyén giao kién thirc tir mét mé hinh ning (thuong dugc goi la gido vién — teacher) sang mot
mo hinh nhe (thuong dugc goi 1a sinh vién — student) nham nang cao hiéu suat ciia cac mo hinh
nhe 1én so véi viéc dao tao chiing mot cach doc l1ap (xem Hinh 1).

Mang giao vién

I:lém
mat mat

Hinh 1. Téng quan vé chung cat kién thirc

Di c6 nhiéu bién thé khac nhau dya trén chung cat kién thirc dugc dé& xuat va khai thac cac
khia canh khac nhau ctia qua trinh chung cét kién thuc chang han nhu chung cit ban db dic trung
[10], chung cat ban db gradient [11], chung cat mdi quan hé dic trung [6],... Chung ct kién thuc
dugc ching minh 1a phuong phép hi¢u qud giup cal thién hleu Suit cua md hinh so v6i qua trinh
dao tao doc lap. Tuy nhién, chung cit kién thirc van con ton tai mot sé nhuoc diém ching han
nhu: T6n nhiéu chi phi vé mat thoi gian va b nhé do phai hun luyén mang gido vién nang,
khoang cach ning luc gitta mang gido vién va mang sinh vién 16n dan dén sinh vién khong “tiép
thu” duogc kién thuc tir mang gido vién truyén téi [12]. Chinh vi vy, phuong phap tu chung cat
kién thirc duoc dé xuat dé khiac phuc han ché nay, trong phuong phap tu chung cit kién thuc,
khong ton tai mang giao vién, do d6, mang sinh vién s& ty chit loc va chuyén giao kién thic cho
chinh ban than minh [13], [14].

C6 thé thdy ring, hau hét cac phuong phap dugc dé xuat hién nay cho bai toan nhan dang
bénh ngoai da déu nham vao muc dich xdy dung mot Kién tric mang méi hodc cac _phep tang
cuong dir ligu moi. Khae véi cac phuong phap trén, trong bai bao ndy, chung toi dé xuat mot
cach tiép can mai la su dung phuong phép tu chung cit kién thuc giai quyét bai toan nhan dang
bénh ngoai da. Chi tiét vé phuong phap va két qua duogc trinh bay trong muc 2 va 3 cua bai béo.

2. Tw chung cit Kién thire cho bai toan nhan dang bénh ngoai da
2.1. M6 td bai todan
Cho b¢ dir liéu bénh ngoai da D = {(xq1,y1), (x2,¥2), ..., (Xxn,yn)} trong do6 x; VoI i =

1,2, ..., N biéu dién anh dau vao dudi dang RGB va y; trong tng véi nhan cua chung, N la sd
lugng mau trong tap dit lidu. Chung ta can xdy dung md hinh Fg nhan dau vao 14 x; va dua ra du
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doan cang gan véi y; cang tot, tirc 1a Yi = ¥i = Fo(x;) trong d6 6 1a bd tham s can huan luyén
ctia mo hinh F, ¥; 1a nhan du doan (dau ra) tir mé hinh Fy.

2.2. Phwong phdp tw chung cit kién thic

LAy cam himg tir chung chét kién thire [9] va tu chung cét kién thic [12] - [14], chung t0i dé
xuat mot mo hinh tu chung cat kién thixc nham giai quyét bai toan nhan dang bénh ngoai da nhu
dugc mo ta nhu trong hinh 2.

Mang dw doan € --- - Nhan
| A
k i
v
Mang dw doan € - - -~ Nhan

Hinh 2. M6 hinh tw chung cat kién thizc cho nhdn dang bénh ngoai da. Trong do, duong nét dit thé
hién ham mat mat cross-entropy va duwong cham thé hién ham mat mat KLD.

M5 hinh ty chung cat kién thirc gdm 3 thanh phan chinh nhu sau:

- Tap céc phép tang cuong dir ligu giup cho b dir lieu tré nén da dang hon ma khong anh
hudng dén nhan ciia méi hinh anh.

- Mot mang sau cho phép nhén dau vao tir cac anh chup bénh ngoai da va dwa ra du doan.
Chung ta c¢6 thé sir dung nhiéu kién trac mang khac nhau trong phan nay nhu VGGNet, ResNet,
EfficientNet,...

- Hai ham mit mat bao gdm ham cross-entropy va Kullback—Leibler divergence (KLD).
Trong d6, ham cross-entropy dung dé tinh toan do sai khac giira nhin chén 1y va két qua dy doan
ciia md hinh. Him KLD duoc st dung dé chuyén giao kién thirc giira 2 dy doan tir 2 phién ban
khac nhau cta cing mét bic anh dau vio.

Goi p! = Fp(x}) va p? = Fo(x?) 1a du ra dy doan ciia mo hinh F véi x} va x? 1 hai bién
thé dau vao khac nhau ciia cung mét anh x;. Cac bién thé nay duoc tao ra bang cach ap dung cac
phép tang cuong dir liéu khac nhau mot cach ngau nhién. Him mét mét cross-entropy tinh do
léch gitra phan bd xac suat dau ra pl-l va p? s0 V6i nhan dl'mg y; nhu trong cong thirc sau:

Leg = ——Zyl logp — —Zyl log pf (1)

Chu y y; dugc ma hoa dudi dang one-hot encodmg Vi duy, gia s s6 lwong bénh ngoai da
trong bo dir li¢u 1a 4 (K=4), chiing ta c6 nhan cho buc anh i 1a 2 thi dang one-hot encoding cua y;
sé twong ung la vector [0 1 0 0], trong d6 vi tri thir 2 trong vector nhan gia tri 1 con cac gia tri
khac trong K gi4 tri cua vector s& nhan gia tri 0. Bén canh viéc st dung ham mit mat cross-
entropy, chung toi dé xuat sir dung ham KLD dé t6i thiéu hoa khoang cach giira 2 lan dyu doan
nhu cong thirc sau:
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Lyip = Z pi log (pl > z pf log <p‘ ) 2

Trong cong thirc (2), ham rnat mat Ligyp nhén dau vao 1a 2 phan bd xac suat p} va p?, dau ra
la d6 tuong ddng glu:a hai phan bd xéac suat nay. Néu 2 phan bo xac suat glong nhau thi KL =0,
hai phan b6 xac suat cang khac nhau thi KL cang 16n. Muc tiéu ctia hAm mét mat nay nham tdi
thiéu hoa sy khac nhau giira 2 phan bd xac suét tir 2 bién thé khac nhau tir cing mot anh dau vao.
Cubi cling, ham méat mat cta toan bd mo hinh tu chung cat kién thirc duge dé xuat s& dugc tinh
toan nhu trong cong thuc (3).

Lpet =a X Leg + B X Lygip 3

Trong d6, a va S twong tng hai hé s6 cho hai ham mét mat.

2.3. Kién triic mang

Bang 1 mé ta kién trac mang ResNet-50 [15] duoc sir dung trong mé hinh ty chung cét kién
thirc ma chiing t6i d& xuat. Mang gém 4 khdi tich chap Conv Block 2, 3, 4, 5. Mdi khéi duoc lap
V6i s6 lan khac nhau va véi do sau tang dan. Cac khdi cua I6p sau dugc cong thém gid tri tir khoi
trudc d6 thong qua skip connection [15].

Bang 1. Kién triic mang ResNet-50 cho bai todn nhan dang bénh ngodi da

Tén khoi Tham s6 Lip Kich thwéc diu ra
Input (224,224,3)
Conv 1 7x7, 64 1 (112,112,64)
MaxPool k=(33)
s=(22) 1 (56, 56, 64)
Conv Block 2 1x1, 64
3x3, 64 3 (56, 56, 256)
1x1, 256
Conv Block 3 1x1,128
3x3, 128 4 (28, 28,512)
1x1, 512
Conv Block 4 1x1, 256
3x3, 256 6 (14, 14, 1024)
1x1, 1024
Conv Block 5 1x1,512
3x3, 512 3 (7,7, 2028)
1x1, 2048
Ave Pool 1 (2048,)
FC K units 1 (K))

Dau ra cua tat ca cac tﬁng tich chdp mac dinh déu duoc dua vao t?mg Batch Normalization va
ReLU. O cot tham s6, 7x7; 64 thé hién rang tang tich chap do6 c6 kich thudc hat nhan 1a 7x7 va
s6 luong bo loc 1a 64. Vi khdi MaxPool, k dai dién cho kich thuéc hat nhan va s 1a budc nhay.
Khéi FC dai dién cho tang Fully Connected, trong tang nay ching toi sir dung ham softmax dé
dua ra du doan phan 16p cho hinh anh dau vao.

3. Thir nghiém
3.1. B¢ dir liéu va chi tiét cai dat

Thir nghiém duoc thuc hién trén ba tap dir liéu riéng biét 1a b di liéu HAM [16], bo dit liéu
ISIC 2017 va bo dir liéu ISIC 2019.

_ Bo dir lieu HAM10000 [16] bao gom 10015 hinh anh soi da c6 kich thudc 450 x 600. N6 bao
gom 7 phan loai chan doan nhu sau: U hac to (MEL), T¢€ bao hac to Nevi (NV), Ung thu biéu mo
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té bao day (BCC), vay simg kich hoat, va Ung thu biéu mé trong (AKIEC), vay simg lanh tinh
(BKL), U da (DF), Ton thuong mach mau (VASC). Tét ca cac hinh anh duoc thay ddi kich thudc
thanh 224 x 224 x 3 trudc khi dua vao mo hinh du doan. Mot s6 vi du vé anh soi da cia 7 16p
dugc thé hién nhu trong hinh 2. B dir liéu gdm 9187 hinh anh cho tap huan luyén va 828 hinh
anh cho tap th nghiém.

-

s

AKIEC BCC BKL DF MEL NV VASC

Hinh 2. M6t s6 vi du vé 7 |6p trong bé diz liégu HAM10000

Tap dit liéu ISIC 2017 bao gém 2600 hinh anh kich thudc 767 x 1022. Trong tap dit liéu dao
tao c6 2000 hinh anh cta 3 bénh 1y nhu sau: u lanh tinh, day sing tiét bd va u ac tinh. Bo dit liéu
thir nghiém bao gom 600 hinh anh.

Bo dir liéu ISIC 2019 bao gém s6 luong hinh anh 16n nhit thé giéi vé cac anh soi ton thuong
da duoc kiém soét chat luong va cong khai dé nghién ciru. Bo dir liéu gém 25.331 hinh anh duoc
chia thanh 8 danh muc khac nhau gom: U ac tinh (MEL), Melanocytic nevus (NV), ung thu bleu
mo té bao (BCC), vay sirng hoat tinh (AK), vay sung lanh tinh (BKL), Dermatofibroma (DF), ton
thwong mach mau (VASC), ung thu biéu mo té bao vay (SCC) va hinh anh da binh thuong
(UNK). Trong khuon kh bai bao, bo dit liéu ISIC 2019 duoc chia véi 80% cho tap huan luyén
va 20% cho tap thir nghiém. Dix liéu trong céac tap dit liéu sau d6 duoc lam sach dé loai bo sy mat
can bang cua l6p. Piéu nay duogc thuc hién bing qua trinh over-sampling va under-sampling dé
6 s6 lugng hinh anh trén mdi 16p bang nhau. Sau d6, cac hinh anh dwoc chuan hoa bang cach
chia mdi pixel cho 255 dé giir cac gia tri pixel trong pham vi 0 dén 1. Kich thude 16 (batch size)
dugc thiét 1ap bang 128. Chung t6i sir dung trinh t6i vu hoa Stochastic gradient descent (SGD)
V6i toe do hoc (learning rate) dugc khoi tao bang 0,01 va s& giam dan 10 lan néu trong 10 ky
nguyén lién tiép ma mé hinh khong cai thién duoc két qua trén tap kiém tra. Theo [12], gia tri
va B duoc chung toi thiét 1ap twong img 1a 1 va 0,1. Cac phép ting cudng dit lidu duoc st dung
dira trén phuong phap RandAugment [17]. T4t ca cac két qua thir nghiém déu dugc dénh gia trén
tap tha nghiém.

3.2. Két qud thir nghiém

Dau tién, chung t6i so sanh phuong phap tu chung cat duoc dé xut véi mot s phuong phap
hién dai duoc dé xuat gan day nhu [15], [18]-[20]. Két qua dugc thé hién trong Bang 2, ching t6i
thiy ring mé hinh ty chung cat chung toi dé xuét dat hiéu suat tét nhat 5/7 16p gom AKIEC,
BKL, DF, MEL, va VASC.

Bang 2. Két qua thir nghiém véi bé dir liéu HAM10000 va so sanh phwong phdp dwoc dé xudt véi cac

phuwong phép hién dai dwoc cong bé gan day. Trong dé, SA la Soft Attention. Két qua duwgc bao cdo bang
dé do AUC [21] trén tap kiém tra.

Lép AKIEC BCC BKL DF MEL NV VASC

[18] 0,993 0,997 0,970 0,973 0,965 0,984 1,000

[18] + SA 0,981 0,998 0,982 0,982 0,974 0,984 1,000
[19] 0,975 0,993 0,960 0,851 0,963 0,975 0,993

[20] 0,949 0,977 0,93 0,847 0,925 0,954 0,972

[15] 0,980 0,997 0,948 0,973 0,961 0,974 0,995

Cia ching toi 0,994 0,997 0,988 0,970 0,981 0,980 1,000
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Chung t6i tiép tuc thir nghiém trén bo dit liéu ISIC 2017 va so sanh véi mot s6 phuong phap
dugc dé xuat gan day nhu [15], [22]-[25]. T két qua & Bang 3, chung t6i thiy rang phuong phap
dugc dé xuat dat hiéu suat tét nhat vai 0,960 cho d6 do AUC, 0,901 cho do chinh xac, va 0,910
cho do nhay.

Béng 3. Két qua thi: nghi¢m véi bg dik liéu ISIC 2017 va so sanh véi cdc phirong phép dwge dé xudt gan
day trén 4 dé do gom AUC, d¢ chinh xdc, dé nhay va dé dac higu trén tdp kiém tra

Mang AUC P§ chinh xac Dj nhay D§ dac hiéu
ResNet-50 [15] 0,948 0,842 0,867 0,837
RAN50 [22] 0,942 0,862 0,878 0,859
SENet50 [23] 0,952 0,863 0,856 0,865
ARL-CNN50 [24] 0,958 0,868 0,878 0,867
Irv2+SA [25] 0,935 0,898 0,945 0,711
Cia chung toi 0,960 0,901 0,910 0,866

(ResNet-50)

Mg rong thir nghiém trén bo dir liéu ISIC 2019 va so sanh v6i phuong phép trong [26]. Bang 4
cho thay phuong phap duoc chung t6i dé xuat cho ket qua tot hon phuong phéap [26] ¢ hau het cac
16p nhu MEL, NV, BCC, AK, BKL,... trén cac d¢ do chuan nhu AUC, d nhay va d¢ dac hiéu.

Bang 4. Két qud the nghiém véi bg diz ligu ISIC 2019 va so sdnh véi phwong phdp [26]
bang ba dé do gom AUC, dg nhay va dg dac hiéu trén tap kiém tra

Lép [26] Cia chung toi
AUC D) nhay P dic hiéu AUC D) nhay Pj dic higu
MEL 92,8 59,4 96,2 93,4 62,1 96,8
NV 96,0 71,0 97,5 97,5 72,6 98,1
BCC 94,9 72,1 94,0 95,1 74,2 95,6
AK 91,4 48,4 96,5 92,9 56,6 97,1
BKL 90,4 39,4 98,5 92,4 45,6 99,0
DF 97,9 57,8 99,2 98,7 60,2 99,2
VASC 95,6 64,4 99,1 96,1 65,6 99,5
SCC 93,8 43,9 98,6 93,2 50,3 99,2
UNK 77,5 0,3 99,9 80,5 40,5 98,8

4. Két luan

Trong bai bdo nay ching t6i dé xuat mot md hinh ty chung cat kién thirc don  gian nhung hiéu
qua nham giai quyét bai toan nhén dang bénh ngoai da. Phuong phap tw chung cat dugc chung toi
dé xuat nham myc dich tdi thiéu hoa khoang cach gitra hai phan phdi xac sut ciia hai khung nhin
khac nhau ctia cing mot anh dau vao. Két qua thir nghiém duoc tién hanh trén cac bo dir liéu
chuan cho thay cach tiép can chung t6i dé xuat cho két qua tot nhat trén nhiéu do do khac nhau
nhu AUC, do chinh xac, 6 nhay va do dic hiéu. Trong tuong lai, chung toi s& tiép tuc cai tién
phuong phap va két hop ching véi hoc tap twong phan va/hodc hoc dai dién dé nang cao hiéu
Suit ciia mo hinh hon nita. Bén canh d6, viéc nghién ctru 1y thuyét vé tu chung cét ciing nhu hoc
tap hop tac ciing 1a hudng tiép can ma chung t6i quan tim.
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