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Tém tit: Theo Global Cancer Observatory, ung thu c6
tir cung da gay ra 604.127 trudng hgp mic méi va 341.831
truong hop tir vong trén toan cau vao nam 2020 [1]. Bén
canh d6, s6 lugng bénh nhan khong c6 dau hiéu giam trong
nhitng nim gan day [1] [2]. Pa s6 ngudi bénh dén kham va
diéu tri khi bénh di & giai doan mudn, lic nay ngudi bénh
phai thuc hién cit bo mot phﬁn hoac tham chi toan bo tr
cung. Viéc dua ra nhitng canh bao sém vé kha ning mic
ung thu ¢d tir cung 1a viéc 1am thiét thyc, giup ngudi bénh
¢6 cai nhin cu thé vé tinh trang suc khoe cta ban than dé
¢6 nhitng hanh dong ding dén, hd tro cai thién stc khoe
hodc diéu tri sém hon. Nghién ciru nay 1a nghién ciru tiép
tuc duya trén cac nghién ctru phat hién ung thu ¢d tir cung
bang cach sir dung hoc may chu yéu 1a hoc sau dé gitip phat
hién ung thu ¢ tir cung thong qua dit liéu bénh nhan da
dugc cung cip. Vi viée ap dung phuong phap tiép can méi
clia mot s6 cong nghé tri tué nhan tao, ¢ day la cac ky thuat
hoc sdu, phat hién bénh ung thu véi dir heu duogc cung cp
cua bénh nhan Dir liéu dau vao la cac yéu td nguy co cua
ung thu ¢6 tir cung va chung t6i sir dung mé hinh dugc xay
dung boi tap dir liéu dao tao léy tir kho luu trlt Hoc may
UCI [3]. Két qua thuc nghiém vé&i do chinh xac ciia md
hinh 14 94.18% so v&i két qua chan doan thuc té. Didu nay
¢6 thé cho chiing ta thdy dau hiéu tich cuc vé& chin doan
ung thu ¢ tr cung théng qua hoc may, cho thdy tri tué
nhén tao c6 tiém ning rat 1on dé gitip bénh nhan du doan
va ngan ngira ung thu trude khi mic phai.
Tir khda: Chén doan ung thu, ung thu ¢d tir cung, chén doan
ung thu ¢6 tir cung, hoc may, hoc sau, tri tu¢ nhan tao.

l. GIOITHIEU

Ung thu [4] 1&8 mét trong nhitng cén bénh gdy tir vong
hang dau trén toan thé giGi, véi khoang 10 triéu ca tir vong
mdi nam. Theo théng ké cia GLOBOCAN [1], trén thé
gidi c6 khoang 1/6 s6 ca tir vong do ung thur vao nam 2020.
Hon nita tinh trang ung thu & cac nude ¢6 thu nhap thap va
trung binh rat nghiém trong. Cu thé, b téi 70% sb ca tu
vong do ung thu xay ra tai day. Bénh biéu hién ¢ giai doan
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muon va thiéu kha nang tiép can véi chan doan va diéu tri
4 rt phé bién. Két qua tir bio cdo Global Survey 2019 [5]
cho théy diéu trj toan dién dat mirc hon 90% céc quéc gia
¢6 thu nhap cao nhung lai duéi 15% cac quéc gia co thu
nhap thap.

Ung thu ¢6 tir cung [6] phat trién trong ¢b tir cung cta
phu nit (161 vao tir cung tir 4m dao). Pay 1a bénh ung thu
xép thir 4 vé sb ca méc mai va thir 6 vé sb ca tir vong & phu
nir trén toan thé giéi [1]. Tuy d6 phd bién khong cao bang
ung thu va va ung thu phédi, nhung ung thu ¢d tir cung rat
nguy hiém vi n6 anh huong dén hé thong sinh san cua phu
nir. Phy nit & d6 tudi hay méc phai ung thu 6 tir cung 1a tir
30 tro 1én, trung binh 1a 48-52 tudi [6]. Mic du bénh gay
t6n thwong 16n dén tir cung nhung vi bénh tién trién 4m
thim trong thoi gian dai (tr 5 dén 20 nam) va cac triéu
ching lai kha mo nhat, d& gdy nham 14n véi cac bénh phu
khoa khac nén rat kho dé phat hién khi bénh ¢ giai doan
dau. O giai doan mudn, bénh nhan phai tién hanh cat bo di
mdt phan hay toan bo tir cung, diéu ndy anh huong truc tiép
dén co quan sinh san va thién chirc lam me ctia ngudi phu
nit.

Pdng thoi, tri tué nhan tao [7] di va dang dat dwoc rat
nhiéu strc hat va thanh tyu trong nhiéu linh vuc. Dic biét,
trong linh vuc y té, tri tué nhan tao duoc ap dung vao chén
do4n bénh va quan ly cac loai van dé stc khoe ngay cang
nhiéu. Nhitng nghién ctru tng dung tri tu¢ nhan tao, dac
biét 1a cac ky thuét hoc may, hoc sau trong chén doan bénh
ung thu rat duorc ua chudng trong thO’l gian gan day. Cac
nghién ctru Ve chuin doan ung thu ¢b tir cung thong qua
hoc may, da s tap trung nghién ctru trén b dir lidu vé cac
yéu t6 nguy co ciia bénh ung thu ¢6 tir cung dugc tap hop
tai Bénh vién Universitario de Caracas ¢ Caracas, &
Venezuela [8]. Khi nghién ctru vé tap dir liéu nay, ching
t6i nhan thay bo dir liéu nay thudc loai khdng can bang va
c¢6 d6 léch twong dbi lon. Pay 1a trudng hop thuong thiy
cua nhirng bai toan phan loai bénh khi s6 lugng ngudi duoc
chan doan 1a mac bénh kha it 6i so vai sb lugng ngudi
khoéng méc bénh, dac biét 1a nhém bénh ung thu. La mot
huang nghién ciru chuyén sau cia hoc may, hoc sau [9] tap
trung giai quyét cac van d¢ lién quan s dung mang than
kinh nhan tao dé xay dung md hinh dy doan. Keras [10] la
mot thu vién duoc viét béi ngdn ngit Python hd tro t6t vé
xay dung cac mo hinh hoc sau. Ta c6 thé két hgp Keras véi
cac thu vién hoc siu trong viéc xtr 1y tap dit liéu khéng can
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bang [11] [12]. Dya trén hoc siu — mé hinh logit dwoc xay
dung tu thuat toan Logistic Regression — thuat toan phan
loai nhi phan (binary classification) s€ dugc st dung trong
nghién cru ndy v6i muc dich 1a chan doan mot ngudi cd
méc ung thu ¢d tir cung hay khong.

Tu nhiing 1y do do, ba1 béo nay dé xuat, nghlen ctru chan
doéan bénh ung thu ¢6 tir cung thong qua cac yéu td nguy
co ctia bénh bang mo hinh logit, xdy dung mé hinh chuan
doan bang hoc siu VO’I Keras, tu do giup m01 ngudi phat
hién sém nguy co mic hodc mac ung thu ¢ tir cung & giai
doan dau ciia bénh dé c6 phuong phéap diéu tri kip thoi.

Bai bao nay duoc cau trac véi 6 phan. Phan 1 gi6i thidu
thuc trang vé ung thu ¢ tir cung va phuong phap hoc may
dugc st dung trong nghién ctru nay. Phan 2 trinh bay mot
sO cong trinh lién quan mat thiét toi nghién ctru nay. Phan
3 1a dé xuat phwong phap xir Iy dit liéu khong can bang voi
md hinh Logit thong qua k¥ thuat cua Keras. Phan 4 trinh
bay vé tap dir liéu va cac phuong phap xir Iy bo dir licu
trude khi xay dyng mé hinh. Phan 5 trinh bay cac két qua
thuc nghiém. Phan 6 1a két luan chung ciia dé tai nghién
clru.

Il. CAC CONG TRINH LIEN QUAN

Trong giai doan gan day, d4 co rt nhiéu nghién ctru ing
dung tri tu¢ nhan tao trong viéc chin doan bénh dat dugc
d6 chinh xac va do tin cdy cao. Hoc may — mot hudng
chuyén sau cua tri tué nhan tao va nhitng thuit toan cua nd
da dugc st dung rat nhiéu trong viéc xay dyng cac md hinh
phuc vu cho céc bai toan nghién ctru. Cac thuat toan hoc
may duoc sir dung trong cac nghién ctru gan day 1a tién dé
va nén tang tao cam himg cho nghién ctru nay, 1a xy dung
md hinh nghién ctru cia bai bao nay trong viéc chan doan
ung thu ¢o tir cung.

Muhammad Fazal [jaz va cong su [13] vao nam 2020 da
dé xuat M6 hinh dy bao ung thu c¢d tir cung (Cervical
Cancer Prediction Model - CCPM). Cac tac gia da stir dung
bo dit lidu yéu t6 nguy co ung thu ¢b tir cung tir Pai hoc
California tai Irvine (UCI) bao gém 36 thudc tinh (chua
boén bién muc tiéu- Hinselmann, Schiller, Cytology, va
Biopsy— va 32 yéu t& nguy co) cia 858 bénh nhan. Pau
tién, cac tac gia loai bo cac gia tri ngoai 1€ béng cach sur
dung cac phuong phap phat hién ngoai 1€ nhu Density-
Based Spatial Clustering of Applications with Noise
(DBSCAN) va Isolation Forest (iForest), tiép theo 1a giai
quyét van dé mait can bang dir liéu théng qua Synthetic
Minority Over-Sampling Technique (SMOTE) va SMOTE
voi lién két Tomek (SMOTE Tomek). Cudi cung, sir dung
Random Forest (RF) dé phén 16p dir liéu, chuén doan bénh.
Do d6, CCPM duoc xay dung duya trén 4 truong hop: (1)
DBSCAN + SMOTETomek + RF, (2) DBSCAN +
SMOTE + RF, (3) iForest + SMOTETomek + RF, va (4)
iForest + SMOTE + RF. Sau khi quan sat, cac tac gia nhan
thdy rang RF hoat dong tot nhit so véi cac mé hinh con lai.
Hon nita, CCPM duogc d& xuét cho thiy do chinh xéac tdt
hon so v6i cac phuong phap duoc dé xuat trude day vé du
doan ung thu ¢b tir cung trén cung bo dit liéu.

Nghién ciru cia Ahmed Mostafa Khalil va cong su [14]
vao nam 2020, v& viéc phat trién mot hé thdng mai sir dung
hé chuyén gia mo dé dy doan ung thu phdi. Qué trinh du
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doan str dung hé théng chuyén gia mo nay trdi qua bbn
budce, voi dir liéu thu duoc tir Khoa H6 h?ip Bénh vién Nguc
Nam Kinh & Trung Qudc chira cac tridu chimg quan trong
nhét ctia ung thu phdi. Sau khi chay kiém tra cho thdy do
chinh xac dat 100%. Day 1a mot hudng nghién ciru phat
hién ung thu phdi bang hé chuyén gia mo va dat duoc ti 18
chinh xéc t6i da.

Riham Alsmariy va cong su [15] vao nim 2020 da dé
xuét nghién ctru sir dung thuat toan hoc may dé tim ra mot
mO hinh ¢ kha ning chan doan ung thu v6i d6 chinh xac
va d¢ nhay cao. Bai bao da st dung bd dir liéu cac yéu td
ung thu ¢6 tir cung [8] lam dau vao dé xay dung mo hinh
phan loai thong qua phuong phap bo phiéu két hop véi ba
bd phan loai: Cay quyét dinh (Decision tree), Hoi quy
logistic (Logistic regression) va Rimg ngau nhién (Random
forest). Thong qua phuong phdp bo phiéu Synthetic
Minority Oversampling Technique (SMOTE), van dé mat
can bang tap dit litu duoc giai quyét, sau do st dung
phuong phap Principal Component Analysis (PCA) dé
tang hiéu suat mo hinh va cudi cung 1 k¥ thuat 10-fold
cross-validation dé ngin chin cic vin d& lién quan
overfitting. Sau khi két hop cac phuong phép trén, duong
dic tinh (ROC_AUC) ctia bdn md hinh dy doén cho timg
bién muc tiéu cho ty 1€ cao hon, d9 chinh xac, d§ nhay va
ty 1¢ d¢ chinh xac thuc ctia du bao dugc cai thién tir 0,93%
1én 5,13%, 39,26% 1én 46,97% va 2% 1én 29 %, twong ung
cho tht ca cc bién muc tiéu.

Ciing sir dung phuong phap bo phiéu SMOTE va ky
thuat 10-fold cross-validation, vao ndm 2019, Talha
Mahboob Alam va cong sy [16] da dé xuét nghién ctru vé
du doan ung thu co tir cung bang cach sir dung cac thuat
toan phan loai: Ciy quyét dinh ting cudng (Boosted
decision tree), Rirng quyét dinh (Decision forest), va Rirng
nhiét doi quyét dinh (Decision jungle) trén cling mot tap
dir liéu [8] nhung dd dwoc can bang. Qua trinh tién xur 1y
dit liéu trai qua nam budc. Bo dir liéu mdi bao gém 32
thudc tinh va 1226 bénh nhan véi 563 bénh nhan ung thu,
663 bénh nhan khong ung thu. Nghién ciru st dung bén
phuong phap sang loc 1 bén thudc tinh dich Hinselmann,
Schiller, Cytology, va Biopsy dé chan doan ung thu. Sau
khi chay mé hinh, Kkét qua dyu doan vai thuat toan Boosted
decision tree co do chinh xac 1én dén 97,8% trén dudng
cong AUROC véi phuong phap sang loc Hinselmann. Vi
bai bao niy, cac tac gia da cong bd mot hudng xir 1y can
bang va sir dung cac dic tinh ndi bat cua ung thu dé xay
dung md hinh, bo qua dwoc sai s6 cua cac yéu td khong
lién quan do vay do chinh xac kha cao.

Bai bao cong bd ciia Abisoye Blessing va cong su [17]
vao nam 2019, di dé xuit mot nghién ctru dy doan ung thu
¢ tir cung bang cach két hop Giai thuét di truyén (Genetic
Algorithm - GA) va Support Vector Machine (SVM). B
dir liéu ung thu b tir cung dugc xur ly dé loai bo nhidu, st
dung ky thuat chuan héa Min-Max dé tranh cac van dé vé
xtr 1y sb. Sau do, tir tap dit lidu cac yéu t nguy co ung thu
¢d tir cung, cac trudng dit liéu phit hop duge chon théng
qua phuong phap GA. Cubi ciing, cac tac gia sir dung SVM
dé hudn luyén dit liéu, sir dung dit liéu da chuin bj dé phan
loai ung thu ¢6 tir cung. Két qua do chinh xéac khi chay mo
hinh phan loai véi thudc tinh Biopsy 1a 95%. V&i két qua
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95% cua nghién ctru nay, ta thiy su két hop kha hai hoa
giita thuét toan di truyén (GA) dé xir 1y dir lidu trude khi
dua vao xay dung mo hinh phéan 16p chuan doan bénh vai
SVM.

Mot nghién ctru khac da duge cong bd do tic gia B.
Nithyal va V. Ilango & An P9 vao nim 2019 [18]. Trong
nghién clru ndy, cac tac gia ung dung hoc may bing céch
ap dung cac ky thuat hoc may trong R dé phan tich cac yéu
td nguy co cua ung thu ¢o tr cung. Ngoai ra, bai viét nay
xay dung mdt s0 mod hinh phan loai st dung céc thuat toan
bao gom: C5.0, Rung Ngau Nhién (Random Forest), rPast,
K lang giéng gan nhat (k-Nearest Neighbor) va May vecto
hé trg (Support Vector Machine). K¥ thuat lya chon cac
dic trung duge st dung trong qua trinh tién xur 1y dir ligu
nay 1a phuong phap wrapper dé tim kiém cac mo hinh dir
liéu chinh xac. Cac phuong phap phan loai dugc xay dung
v6i k-fold cross-validation cung 26 thudc tinh cta tap dir
lidu sau khi lam sach. Két qua do chinh xac ciia md hinh
phan loai thong qua hai thuat toan C5.0 va Rimg Ngau
Nhién v&i mot sd thude tinh quan trong da chon loc dugc
nang cap dang ké tir 99% 1én 100%. Trong nghién ciru nay,
chc tac gia da thir nghiém cac mo hinh hoc méay dién hinh
14n lwot véi bo dit liéu ung thu cb tur cung, va cach lya chon
cac thugc tinh phu hop véi tirng md hinh. M6 hinh dugc
xay dyng tir thuat toan C5.0 va Random Forest 1a ¢ két
qua voi d6 chinh xac cao nhat.

Bai bao cua Shanjida Khan Maliha va cong su [19] vao
nam 2019 da sir dung cac thuat todn Naive Bayes, K lang
giéng gan nhat (k-Nearest Neighbor) va J48 két hop voi
phuong phap 10-fold cross-validation dé du doan bénh ung
thu. D@ liéu cua bénh nhan dang trai qua cdn bénh duoc sir
dung trong bai nghién ctru da duoc cung cip boi cac bac si
tham gia d& tai ndy. Tap dir liéu ndy chtra 61 thudc tinh vé
cac tridu chung va mot sb thudce tinh vé két qua xét nghiém
cta bénh ung thu, va 1 thude tinh dai dién cho cac loai bénh
ung thu ctia 1059 bénh nhan. Céng cu Weka dugc su dung
véi muc dich do luvong d6 chinh x&c cua bd dit liéu bénh
ung thu, bao gdom 9 loai bénh ung thu: ung thu nio, ung
thu mau, ung thu tuyén tuy, ung thu tuyén tién liét, ung thu
budng trimg, ung thu v, ung thu thuc quan, ung thu phoi
va ung thu dai tryc trang. Két qua sau khi chay mé hinh
cho thdy @6 chinh xé&c cia mé hinh véi céc thuat toan Naive
Bayes, k-NN va J48 lan luot 12 98,2%, 98,8% va 98,5%.
Ca 3 thuét toan ap dung déu c6 do chinh xac 1én t6i 98%,
diéu nay cho thdy bo dir liéu do cac béac si tham gia xay
dung va cung cap kha chuén x4c va déng tin cay.

Sau khi nghién ctru cic mot s cong trinh lién quan va
dién hinh 13 cac cong trinh vira khao sat & trén, ching toi
nhén thiy viéc sir dung Keras voi mé hinh logit dé xay
dyng mé hinh dy doan ung thu ¢6 tir cung 13 kha tiém ning
va hop 1y. Bo dit liéu ung thu ¢b tir cung [8] 1a khdng can
bang va can phai xir Iy dit liéu nay trude khi xay dung mé
hinh du doan bénh. Viéc xay dung mo hinh logit voi Keras
trén bo dir licu khéng can b??mg nay la rat kha thi va hién
tai ciing chua c6 nhidu cong bd nao 4p dung phuong phap
nay Do d6, dé nghién ctru thém vé du doan bénh ung thu
¢b tir cung trén bo dir liéu UCI nay, chung t6i xin dé xuét,
4p dung mo hinh logit véi Keras vao nghién ctru nay.
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ll. D LIEU CUABAI TOAN

A. B¢ dir liéu cdc yéu 16 nguy co ung thir cé tir cung

Bo dir liéu vé cac yéu té nguy co ung thur ¢d tir cung s
dung trong nghién ctru nay duoc cung cip cong khai tir
Truong dai hoc Califomia Irvine (UCI) Machine Learning
Repository [3], day la cong thong tin cung cip cac bo dir
lidu, 1y thuyét mién va trinh tao dir liéu duoc cong ddng
hoc may st dung dé thuc nghiém nghién ctru phat trién cac
thuat todn hoc may.

B6 dir liéu nay dugc thu thap tai Bénh vién Universitario
de Caracas ¢ Caracas, Venezuela vao nam 2017. No tap
trung vao vi¢c chén doan ung thu ¢ tir cung cho 858 bénh
nhéan. Vi mot s6 benh nhan quyét dinh khong tra 10i mot s6
cau hoi do lo ngai v& quyén riéng tu nén bo dir lidu c6 kha
nhiéu truong bi thiéu dir lidéu va khong hoan chinh. Mo ta
va kiéu dir liéu ctia 36 thudc tinh dugc trinh bay trong bang
1.

BANG 1. MO TA CAC TRUGNG DU LIEU TRONG BO DU LIEU CAC YEU TO
UNG THU CO TU CUNG

A A Kiéu SL quan

TT Tén thudc tinh DL sat l\?ULL
1 Age Int 0
2 Number of sexual partners Int 26
3 First sexual intercourse Int 7
4 Num of pregnancies Int 56
5 Smokes Bool | 13
6 Smokes (years) Float | 13
7 Smokes (packs/year) Int 13
8 Hormonal Contraceptives Bool | 108
9 Hormonal Contraceptives (years) | Float | 108
10 | IUD Bool | 117
11 | 1UD (years) Float | 117
12 | STDs Bool | 105
13 | STDs (number) Int 105
14 | STDs:condylomatosis Bool | 105
15 | STDs:cervical condylomatosis Bool | 105
16 | STDs:vaginal condylomatosis Bool | 105
17 | STDs:vulvo-perineal Bool | 105

condylomatosis
18 | STDs:syphilis Bool | 105
19 | STDs:pelvic inflammatory Bool | 105

disease
20 | STDs:genital herpes Bool | 105
21 | STDs:molluscum contagiosum Bool | 105
22 | STDs:AIDS Bool | 105
23 | STDs:HIV Bool | 105
24 | STDs:Hepatitis B Bool | 105
25 STDs:HPV Bool | 105
26 | STDs: Number of diagnosis Int 0
27 | STDs: Time since first diagnosis | Int 787
28 | STDs: Time since last diagnosis Int 787
29 | Dx:Cancer Bool | O
30 | Dx:CIN Bool | O
31 | Dx:HPV Bool | O
32 | Dx Bool | O
33 | Hinselmann Bool | O
34 | Schiller Bool | O
35 | Cytology Bool | O
36 | Biopsy Bool | O
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B. CAc vdn dé cua b¢ dit liéu

B4 dit liéu dugc sir dung trong bai bao 1a mot bo dir licu
nho va khong cén bang. Thugc tinh Dx:Cancer duoc su
dung d¢€ phan loai v6i so lugng ngudi mac bénh rat nhd, so
liéu dugc trinh bay trong biéu do bén dudi.
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Hinh 1. Thdng ké s lirong bénh nhan mdc ung thur trong bé dir lidu
nghién ciu

V6i mau c6 kich thude 858, chi c6 18 ngudi duge chin
doan mic ung thu, trong duong véi 2.1%. Sy mat can bang
nay kha I16n, diéu nay s& anh huong dén chit luong du doan
cta mo hinh.

Thém vao d6, Bang 1 ciing dé chi ra sé luong gia tri bi
thiéu cua bo dit liéu 1a rat cao (co toi 26 trén 36 thude tinh
bi thiéu dir liéu), voi 2 thudc tinh bi thiéu toi 787 gia trj va
18 thudc tinh bj thiéu trén 100 gia tri.

IV. PHUWONG PHAP NGHIEN CU’U

Viéc lya chon cac phuong phap va thuat toan phu hop
cho tap dit liéu I quan trong va can thiét & xay dyng mot
md hinh hiéu qua va chinh xac. Phin ndy mé ta co so ly
thuyét lién quan t&i cac phuong phap phan loai va thuat
toan duoc 4p dung dé xdy dung mé hinh dy doan bénh
trong bai béo nay.

A. Coso Iy thuyét
1) M0 hinh Logit trong hoc sdu

Mo hinh Logit dugc xay dung tir thuat toan Hdi quy
Logistic (Logistic Regression) thugc nhom Classification.
bay la mot thudt toan phan loai nhi phéan (binary
classification) duogc sir dung phd bién. Cu thé ching t6i s&
4p dung mé hinh nay vao viéc chin doan bénh nhan mic
va khéng méc ung thu ¢d tir cung.

C6 nhiéu thong sé [20] ta c6 thé duoc st dung dé do
luong hiéu sudt ciia mo hinh phan 16p nhi phan (binary
classification); cac truong khac nhau c6 cac tuy chon khac
nhau cho cac b liéu cu thé do cac muc tiéu khac nhau.
Trong y hoc, d¢ nhay (sensitivity) va d¢ dac trung
(SpeCificity) thuong duoc sir dung, trong khi d¢ chinh xac
truy xuét thong tin thuong dugc thé hién thong qua 2 chi
sO precision va recall. Mot diém khac biét quan trong la
giita cac chi s6 khong phu thudc vao tan suit xuit hién cua
mdi loai trong tong thé (ty 1¢ prevalence) va cac chi sb phu
thudc vao ty 1¢ nay - c hai nhém déu hiru ich, nhung ching
c6 céac thude tinh rat khac nhau.

58 02 (CS.01) 2021

TAP CHf KHOA HOC CONG NGHE THONG TIN VA TRUYEN THONG

Pua ra phan loai ciia mot tap dit lidu cu thé, c6 bon két
hop co ban giita danh muc dit liéu thuc t& va danh muc
dugc chi dinh: duong tinh thuc TP (True Positive — nhitng
16p biéu hién 1 1a dung), 4m tinh thyc TN (True Negative
— nhiing 16p biéu hién 0 14 dung), dwong tinh gia FP (False
Positive — nhitng 16p biéu hién 1 1 sai) va am tinh gia FN
(False Negative — nhitng 16p biéu hién 0 1a sai).

Assigned - }
Actual Test outcome positive | Test outcome negative
Condition positive True positive False negative
Condition negative False positive True negafive

Hinh 2. Két qua danh gida ciia mgt mé hinh phan [op nhi phdn

Chung c6 thé dugc sip xép thanh mot bang nhu hinh
1, véi cac ¢t twong Gng véi gia tri thye - diéu kién duong
tinh hodc diéu kién am tinh - va cac hang twong img véi
gia tri phan loai - két qua chay mo hinh duong tinh hodc
két qua chay mé hinh 4m tinh.

2) Di liéu khéng cdn bang

Sy mit can bang dit liéu [21] 14 mot trong nhitng hién
tuong rat phd bién cua bai toan phén loai nhi phan. Néu ty
1€ dir lidu gitta hai 16p 1a 50:50 thi dit liéu d6 dugc xem la
can bang. Dén khi sy cach biét gitra hai 16p 12 60:40 thi dit
liéu d6 xuét hién hién tuong mét can béng, nhung nhitng
trudong hop nay anh huong khong dang ké t6i kha nang du
béo ctia mo hinh. Tuy nhién néu 16n hon ty 1& nay thi do
chinh xac cia mo6 hinh khong con dang tin cay nira. Pac
biét vdi cac truong hop ty 1¢ dat mirc 90:10 thi dugc xem
1a mét can bang nang. Luc nay, d6 chinh xac (accuracy) cb
thé dat dugc rit cao ma khong can t6i mé hinh. Vi thé do
chinh x4c khong con du tin cdy dé danh gia mé hinh vao
lc nay.

Ngoai ra, viéc mét can béng dir liéu nang thuong dan t6i
dy bao kém chinh xac trén nh(’)m thiéu sb. Do hﬁu hét két
qua dy bao thuong nghiéng vé nhom da sb va rét it trén
nhom thiéu so. Trong kh1 viéc du bao dugc chinh xac mot
mAu thudc nhém thiéu s6 quan trong hon nhiu so véi dy
bédo mau thudc nhom da sb. Dé cai thién két qua du béo ta
can nhitng diéu chinh thich hop dé mé hinh dat dwoc do
chinh xé4c cao trén nhom thiéu s6. Luc nay dé co thé danh
gia do chinh xac ciia mo hinh mot cach dung dén ta ¢6 thé
can nhic t6i mot sb chi s6 danh gia thay thé khac
nhu precision, recall, f1-score,... Hién tugng overfitting
[22] 14 mot hién twong khong mong mudn ma nguoi xay
dung md hinh hoc may thuong gap, dic biét véi bo dit liéu
khong can bang. Py 13 hién tugng mé hinh tim dugc quéa
khép (fit) v6i dir lidu training. Viéc qua khép ndy c6 thé
lam cho mé hinh dy doan nhdm nhidu va chit luong cua
md hinh khong con dat két qua tot trén dir liéu test nira.
Overfitting xay ra khi mé hinh qua phtc tap dé mé phong
di li¢u training. Diéu nay ddc biét xay ra khi luong dir liéu
training qué nho trong khi d6 phtrc tap cua mé hinh qua
cao. Hién twong nay ciing giéng nhu viéc hoc ti cua con
nguoi, khi d6 moé hinh khong hoc dugc gi tr dir li¢u
training. Vi thé khi xay dung mé hinh ta s& han ché ti da
viéc gap overfitting bang cach str dung nhitng ky thuat khac
nhau.
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3) Keras tensorflow trong viéc xir Iy dir liéu khong cdn
bang

Keras [10] 1a mot thu vién dugc phat trién trén nén tang

ngon ngir Python. Keras ¢ thé sir dung chung véi cac thu
vién ndi tiéng nhu Tensorflow, CNTK, Theano. Keras co
¢t phap don gian hon TensorFlow kha nhiéu. Ta c6 thé két
hop keras vdi cac thu vién hoc séu trong viée xur ly tap dir
liéu khong can bang.

Trong TensorFlow va Keras, ta ¢6 thé lam viéc véi cac
tap dit liéu khong can bang theo nhiéu céch:

e Giim kich thwéc miu (Undersampling hoic
Random Undersampling): 14 phuong phap lam giam
s6 lugng quan sat ciia nhom da sé dé n6 trd nén can
bang v6i nhom thiéu s6. Day 1a mot cach lam can
béng mau mdt cach nhanh chong, dé dang thuc hién.
Tuy nhién phuong phéap s& lam kich thudc mau bi
giam di dang ké.

e Ting kich thwéc miu (Oversampling hoic
Random Oversampling): phuong phap nay déi lap
v6i giam kich thuéc miu. Nghia 1a ta s& lam ting
kich thudc ctia mau thudc nhém thiéu sb. Phuong
phép nay s& can bang lai di liéu va thuong kha quan
hon phuong phap giam kich thuéc mau.

e Ap dung trong sb 16p (class weights): bang cach
1am cho céc 16p c6 s luong dir lidu cao hon it quan
trong hon trong qua trinh t6i vu héa mé hinh, ¢6 thé
dat dugc can bang 16p & mire ti wu hoa.

e Lam viéc voi F1 score thay vi d§ chinh xac
(precision) va thu hdi (recall): bang cach sir dung
mot s6 lidu c¢b ging tim sy can bang gitra mirc do
lién quan cua tat ca cac két qua va sé lugng két qua
¢6 lién quan duoc tim thay, ta c6 thé giam tac dong
clia cén bang 16p ddi véi md hinh ciia minh ma
khong can loai bo no.

Trong bai bao nay ching toi s€ st dung ky thuit danh
trong ) 16p cho m6 hinh phan loai dé cai thién m6 hinh du
doan bénh.

Regularization [22] nghia 14 thay d6i m6 hinh mot chut
dé tranh overfitting trong khi van gitr duoc tinh tong quat
clia n6 (tinh tong quat 1a tinh mé ta dugc nhiéu dir liéu,
trong ca tap training va test). Mot cach cu thé hon, ta s& tim
c4ch di chuyén nghiém ciia bai toan toi wu ham mat mat toi
mot diém gan n6. Hudng di chuyén s& 1a hudng lam cho
m6 hinh it phic tap hon miac du gié tri cia ham mat mat co
tang 1én mot chut. Pidu nay con duoc hiéu 1a cach khic
phuc d6 phtic tap cia mot mé hinh. Mot sb ki thuat cua
regularization bao gdm [23]:

e L regularization: phat cac trong sb twong ung voi
tong cac gia tri tuyét ddi ciia cac trong s6. Trong cac
md hinh duya trén sparse features, L1 regularization
gitp day trong sb cua cac tinh ning khong lién quan
hodc hau nhu khéng lién quan vé chinh xéc 0, diéu
nay s€ x0a cac tinh nang d6 khoi mé hinh.

e L regularization: phat cac trong sb twong tng vé6i
tong binh phuong ciia cac trong s6. L regularization
gitip ddy trong s6 ngoai 1& (nhiing gié tri dwong tinh
cao hodc am tinh thap) vé& gan 0 nhung khong hoan
toan vé 0. (nguoc lai véi Li regularization) L,
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regularization ludn céi thién tinh tong quat hoa trong
céc mo hinh tuyén tinh.

e Dropout regularization: Mot hinh  thirc
regularization hitu ich trong viéc dao tao mang no-
ron. Dropout regularization hoat dong bang cach
loai bo ngau nhién mot ) luong ¢ dinh cac no-ron
duogc lya chon trong mdt 16p cho mot bude gradient
duy nhit. Cang nhiéu no-ron dugc loai bo,
regularization cang manh. Piéu nay twong ty nhu
viéc huén luyén mang dé mo phong mot nhom 16n
theo cép s6 nhan ciia cac mang nho hon.

(b) After applying dropout.

Hinh 3. M6 hinh mang no-ron Drop. Bén trai: Mt mang no-ron
tiéu chudn véi 2 16p hidden. Phdi: Vi du vé luéi méng duoc tao ra
bang cach ap dung tinh nang dropout cho mang ¢ bén tréi. Cac
don vi bi gach chéo da bi logi bo [24]

e Early stopping: day la phuong phap lién quan dén
viée két thic viée dao tao mo hinh trude khi két thac
dao tao mat mat giam. Trong Early stopping, ta két
thiic dao tao mo hinh khi tn thét trén tap dir liéu xac
thuc (validation dataset) bat dau tang 1én, tic 1a khi
hiéu suit tong quat hoa xau di.

€

A

Hinh 4. Early Stopping véi dirong mau xanh la train error, dwong mau
d6 1a validation error. Truc x 14 s6 lwong vong lap, truc y 1a error. Mo
hinh duoc xdc dinh tai vong lap ma validation error dat gié tri nho
nhat [25]

Chung t61 s€ ap dung hai phuong phap Dropout
regularization va Early stopping dé tranh gip phai hién
tugng overfitting cho md hinh.

B. Phat biéu bai toan

B0 dir lidu vé cac yéu té nguy co ctia bénh ung thur ¢d tir
cung [8] 1a bd dir liéu thudc loai khong cén bing
(imbalanced data) va c6 d6 léch tuong ddi 16n. Vi nghién
ctru vé nhém bénh ung thu, thi bo dit liéu nay 1a hop 1y va
rat thuong théy.

DPé mo hinh xdy dung c6 do chinh xac va phu hop tot
hon, thi viéc xtr Iy dir liéu va tim phuong phéap phu hgp véi
bo dit lidu 1a cuc ky quan trong va can thiét. Vi muyc tiéu
giai quyét tinh trang khong can bang trong bo dir lidu két
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hop v6i hoc sau, ta co rat nhiéu phuong phap, cu thé véi bo
dir liéu hién tai thi nghién ctru nay xin dé xut xur 1y dir liéu
khong can bang bang két hop véi mo hinh logit (hay con
goi 1a binary classification) ma bo thu vién Keras hd trg,
Kkét hop véi thu vién cua Tensorflow, sit dung k¥ thuat dé
nang cao d9 chinh xac cua md hinh du doan la class
weighting.

C. Dé xudt phirong phdp va thudt todn xir 1y

Quy trinh hoat ddng cta phuong phap duoc dé xuit nhu
Ssau.
1) Input: dit liéu bénh nhdn

Dau vao ciia mé hinh 1a dit liéu kham bénh ciia mot bénh
nhan bat ki. Dit liéu nay chay qua mé hinh du béo dé du
doan ra bénh nhan nay c6 bénh hay khong. M6 hinh nay
xay dung tir bo dir liéu UCI [8] dé du doan ung thu co tir
cung. Céc thong tin can thiét cua di liéu dau vao chinh 1a
yeu t6 nguy co gy ung thu b tir cung [6] nhu: tudi tac, d6
tudi quan hé tinh duc dau tién, sé luong ban tinh, s 1an
mang thai, sir dung thudc 14, thoi gian, s6 lugng thude 14
da st dung, st dung thudc tranh thai, c6 mic phai cac bénh
lay lan qua duong tinh dyc,... Nhirng thudc tinh nay s€ duoc
md ta mot cach chi tiét va ddy du hon vao phan 4 cua bai
béo.
2) Processing: xdy dung mé hinh dy dodn bénh

Qua trinh x4y dung mé hinh dy doan bénh ung thu c6
tir cung cua bai bdo dugc hién thi theo so db dudi déy:

Xt ly
div liéu

Xay dwng Dw doan
mo hinh v_é’dénh
* Str dung gra .
hoc sau *+Cé mac
« Chia +Danh phai
nhd trong sb un% thw
o z o] co tir
sl

*Lam
sach

Hinh 5. Cdc buéc xay dyng mo hinh du dodn

Budre 1: Dau tién tir bo dir liéu cac yéu td nguy co cia
bénh ung thu ¢b tir cung [8], ta tién hanh qua trinh xu Iy dit
liéu nhu sau:

e Lam sach dit liéu: bo dir lidu c6 nhidu gia tri bi bd
tréng, trong trudng hop nay ta sé& tién hanh thong ké
$6 luong dit ligu éy sau d6 chinh stra va loai béo mot
s6 thudc tinh khong quan trong hodc ¢6 gia tri null
nhiéu.

e Chia nhd dit li€u: chia by dit li¢u thanh cac tép train,
test, validation.

e Chuin hoa dir liéu: sau khi chia nho tap dir liéu, tap
train s& dwoc chudn hoéa bing ky thuat
StandardScaler. Ky thuat nay s& dat gia tri trung
binh thanh 0 va d¢ léch chuén thanh 1.

Buwdc 2: Sau khi hoan thanh qua trinh x1r 1y dit li€u, ta
thu duoc bo dir lidu day di va chuan hoa. Vi bo dir liéu
méi ndy, ta s& tién hanh xay dung mé hinh du doan cho bai
toan. Mo hinh duoc xay dung sau d6 s& ap dung phuong
phap danh trong s6 16p dé gla tang do tin cdy ctia mo hmh
Phuong phap nay sé chuyen cac trong s6 Keras cho mdi
16p thong qua mot tham s6 véi muc dich 1a gitip cho md
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hinh “ch ¥ nhiéu hon” dén cac thanh phén c6 ty 1¢ dwong
tinh thap.

Budée 3: dy doan két qua trén tap test va danh gia do
chinh x&c ctia md hinh.

3) Output: két ludn la cé bénh hay khong bénh, véi dé
chinh xdc bao nhiéu phan tram.

Sau khi ¢6 m6 hinh dy doan bénh da xay dung & trén,
ta co thé 14y thong tin bat ky ciia mot bénh nhan dé lam dau
vao va dua qua mé hinh du dodn bénh. Sau khi nhap dau
du thong tin céc thugc tinh can, mo hinh du doan s& xuit ra
két qua 1a bénh nhan nay c6 bénh hay khong va mot sd
thong ké co ban. Dy 1a huéng phat trién tich hop vao cac
hé hd tro kham chira bénh ciia bénh vién & cac bac si.

D. Xuly dir liéu

Viéc trich xuét thong tin co6 gia tri va Kkét qua phu thudc
chi yéu vao chét lugng cta dit lidu, do d6 can phai xu Iy
dir liéu trude khi bat dau qua trinh hoc may dé xdy dung
md hinh. Vi 1y do nay, chiing toi nhan thiy viéc xu 1y dir
liéu 14 quan trong dé cai thién chat lugng cho mo hinh.
Trong nghién ctru ctia chung t6i, dir liéu dugc xur ly theo
nhirng budc dudi day.

1) Lam sach dir liéu

e Loai bo nhitng thudc tinh mang s6 lugng gia tri mat
mat cao bao gém 2 thudc tinh: STDs: Time since
first diagnosis, STDs: Time since last diagnosis.

e Loai bo nhitng thudc tinh mang ¥ nghia chan doan
khac, bao gdm 7 thudc tinh: Dx:CIN, Dx:HPV, Dx,
Hinselmann, Schiller, Citology, Biopsy.

e Xt Iy cac gid tri bi thiéu: Di v6i nhitng thude tinh
¢6 kiéu luan 1y (dung, sai) s& duoc thay bang gia tri
“0” néu khong cé dir liéu. Pdi voi nhitng thudc tinh
¢6 kiéu sb thay bang gia tri trung binh cua thudc tinh
do.

Sau qua trinh chon lgc cac thudce tinh bd dir li¢u dugc st
dung cho m6 hinh, thi bg dir li€u sau xtr 1y bao gém 27
thudc tinh — v6i 26 thudc tinh 1a cac yéu t6 nguy co va 1
thudc tinh Dx:Cancer dé phan loai.

2) Chia nho dir liéu

Bo dit liéu dugc chia ra thanh 3 tap train, validation va
test. St dung tap validation 1a dic biét quan trong voi bo
dir liéu khong cén bang vi van dé overfitting 1a mbi quan
tam hang dau trong viéc thiéu dir liéu huin luyén cho mo
hinh. Chung t6i cling da sir dung k¥ thuat Early Stopping
ctia Keras dé tranh viéc hudn luyén qua nhidu cho md hinh
dé 1am giam hién tuong overfitting.

Cu thé v6i mau 858, bo dit lidu duoc chia ra 1am 2 tap
train va test — chiém 20% ciia tap train twong ing véi 172
dong di liéu. Tap train 16n nay sau d6 s€ dugc chia ra lam
2 tap nira 1a tap train chinh thac va tap validation — cling
chiém 20% cta tap train nay tuong tng v6i 138 dong dir
lidu.

Tu 3 tap train, validation, test cd téng cong 27 thudc
tinh, dugc chia ra thanh tap labels chira 16p phan loai cua
mo hinh chinh 1a thude tinh Dx:Cancer, tap features chira
26 thudc tinh vé cac yéu té ung thu ¢ tir cung. Kich thude
cu thé cua céc tap duoc miéu ta trong hinh duéi day:

106



Lé Ngoc Hiéu, V6 Pham Huyén Khanh, Trdn Céng Hung

Training labels shape:
Validation labels shape:
Test labels shape: (172,)
Training features shape: (548, 26)
Validation features shape: (138, 26)
Test features shape: (172, 26)

(548,)
(138,)

Hinh 6. Kich thuéc cua cac tdp train, validation, test

3) Chudn héa dit liéu

Chung toi d str dung StandardScaler dé chuan hoa cac
thudc tinh dau vao. Diéu nay sé& thiét 1ap gia tri trung binh
thanh 0 va d6 1énh chuén thanh 1. K§ thuat nay dugc Keras
cung cip va sir dung d& dang.

V. KET QUA THU'C NGHIEM

A. Mo hinh co so (Baseline model)

Baseline model [26], 14 md hinh dau tién cta bai toan
khi chua ap dung bét ctr k¥ thuat xir Iy gi. Ta s& bat dau véi
viéc xay dung mot baseline model, sau d6 c¢b ging dua ra
céc giai phap phirc tap hon vao mé hinh dé dat két qua cao
hon so v&i baseline model. Néu nhan dugc két qua tt hon,
nghia 1a m6 hinh cua ta hoat dong hi¢u qua hon.

Tao mdt baseline model bang Sequential [27] (duoc
cung cip boi Keras) v6i 3 16p: dense, dropout (hidden
layer), dense_1 (output). Lép hidden dwoc két ndi voi
input, 16p dropout duoc st dung dé lam giam overfitting
cho mé hinh va 16p output dé tra vé két qua nguoi bénh co
méc ung thu. Tong tham s cua mé hinh 1a 449, sir dung
epochs = 40 va batch_size = 50. Pong thoi chung t6i ciing
da thiét 1ap bias dé 1am giam sy mat mat ctia mo hinh. Tat
ca cac k¥ thuat nay déu duge Keras hd tro.

Model: "sequential”

Layer (type) Output Shape Param #
dense (Gense)  (lone, 16)  am
dropout (Dropout) (None, 16) Q

dense_1 (Dense) (None, 1) 17

Total params: 449
Trainable params: 449
Non-trainable params: @

Hinh 7 M8 hinh xay ding véi cac 16p va tham sé

e AUC dé cép dén khu vuc dudi duong cong (Area
Under the Curve) cua Receiver Operating
Characteristic Curve (ROC-AUC) [28]. Chi s0 nay
bang véi xac suat ma bd phén loai s& xép hang mau
duong tinh ngau nhién cao hon mau am tinh ngau
nhién.

e AUPRC dé cap dén khu vuc dudi duong cong (Area
Under the Curve) cia Precision-Recall Curve [29].
Chi s nay tinh toan céc cip precision-recall cho cac
ngudng xac sudt khac nhau.

Panh gia mo hinh trén tap dir li€u test va hién thj két
qua cho cac thong sb.
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loss : ©.04956606775522232

tp : 0.0

fp : ©.0

tn : 170.09

fn : 2.0

accuracy : ©.9883720874786377
precision : ©.0

recall : ©.0
auc : ©.9823529720306396
prc : ©.6000000238418579

Hinh 8 Két qud xay dung mé hinh co sé (baseline model)

Vé&i mau 172 ngudi, mo hinh du doan ding 170 nguoi
khong bi bénh (Am tinh thyc - True Negatives) va khong
du doan dugc 2 ngudi mic bénh (Am tinh gia - False
Negatives). Néu mo hinh di dy doan moi thir mot cach
hoan hao, day s€ la mot ma trn duong cheo trong do cac
gi4 tri nim ngoai duong cheo chinh, cho biét cac du doan
khong chinh xac s& bang khong. Trong truong hop nay, ma
tran cho thiy rang ¢ twong ddi it du doan sai, co nghia la
¢6 twong ddi it trudng hop bi bénh nhung khong duge phat
hién. Tuy nhién, ta c6 thé mudn co it 4m tinh gia (False
Negatives) hon mic di phai ting s lugng dwong tinh gia
(False Positives). Viéc danh déi nay co6 thé phu hop hon vi
c6 it am tinh gia s& an toan hon 14 ¢6 nhiéu dwong tinh gia.
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Hinh 9 Biéu d6 ROC ciia mo hinh co sé (baseline)
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Hinh 10 Biéu dé AUPRC ciia md hinh co sé (baseline)
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Trong hinh 9 cho thiy ty 18 duong tinh gid (FP — False
Positive) thap chi khoang 2.5%. Biéu db nay cho thy tap
test co sai s, nhung tép train khong cd. Trong hinh 10, cho
thdy su phan bd ciia Precision va Recall ciia mé hinh co
s0. Doi véi tap train néu precision giam thi recall s& tang,
con tap test gdy khue rd nét hon do tap dit liéu khong can
bang. Trong vi du ndy, 4m tinh gia (ngudi bi bénh khong
duogc phat hién) co thé gy ra du doan sai dan dén nguy
hiém, trong khi duong tinh gia (ngudi khong bi bénh nhung
lai dugc chin doan 1a méc bénh) c6 thé gay lo ling cho
ngudi kiém tra. Diéu nay cho thay dir liéu chua tot, va
ching ta can phai sir dung mot s6 ky thuat dé nang cao do
phu hop ctia md hinh.

B. Hiéu chinh mé hinh véi phwong phdp danh trong s6
lop (Class Weighting)

Nham nang cao do pht hop ctia mé hinh co s, chung toi
sir dung k¥ thuat Class Weighting do Keras cung cap. Muc
dich 1a dé xac dinh nhimg ngudi bi mic bénh, nhung ta
khong ¢ nhiéu miu duong tinh dé lam viéc, vi vay ta s&
mudn bd phan loai c6 heavily weight di voi mot sb trudng
hop c6 sin. Ta co thé thuc hién viéc nay bang cach chuyén
chc trong sé Keras [30] cho mdi 16p thong qua mot tham
s0. Nhirng diéu nay s& khién mé hinh "chu y nhiéu hon"
dén céc truong hop tir mot 16p co it thé hién. Cu thé & day
1a nhirng trudng hop bi ung thu. Vi k§ thudt nay, sau khi
thiét 1ap, trong sb ctia mé hinh véi class 0 va 1 lan luot 1a
0.51va 23.83.

loss : ©.18796148896217346

tp ¢ 200

fp : 10.0

th : 160.9

fn : ©.0

accuracy : ©.9418604373931885
precision : ©.1666666716337204

recall : 1.0
auc : ©.9735293984413147
prc : ©.16788256168365479

Hinh 11 Két qua xay dieng md hinh sau khi si- dung phwong phdp
danh trong so cua Keras

100.0

97.5

92.5

90.0

Fue positives [%]

87.5

—— Tain Baseline

—=— st Baseline
Tain Weighted
Test Weighted

82.5

80.0
00 25 5.0 75 10.0 125 15.0 17.5 20.0
False positives [%]

Hinh 12. Biéu d6 AUPRC ciia md hinh sau khi sii dung phuong
phap danh trong so

Cung voi mau 172, m6 hinh di dy doan duogc 160 ngudi
khong bi bénh (Am tinh thyc), 10 ngudi bi bénh nhung
khéng chinh xac (Duong tinh gid) va da du doan dung 2
ngudi méc bénh (Duong tinh that) véi do chinh xac la
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94.18%. Mic dit mo hinh dy doan nhim dén 10 nguoi
khong bi bénh nhung d6i lai da tim ra dugc ngudi mac
bénh. Cu the O truong hop ndy 1a viée xac dinh viée bénh
nhan c6 méc phai bénh nay hay khong quan trong hon viéc
chuan doan nham rat nhiéu.

08 3
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=
4

I
1
L}
I
L}
I
1
I
I
I
I
I
I
I
I
I
I
|
I
1
|

04

- Train Baseline
== Test Baseline
Tain Weighted
0.0 st Weighted

0.0 02 04 06 08 10
Recall

Hinh 13 Biéu @6 AUPRC cia md hinh sau khi si dung phirong
phap danh trong so.

Sau khi st dung class weighting, md hinh thu dugc kha
mugt ma va pht hop hon véi dit liéu. Hinh 12, cho thiy ty
1¢ dwong tinh gia sau khi st dung danh trong s6, cua tap
test tang 1én va 16n hon 2.5% va xap xi 3.0%. Trong hinh
13, cho thiy 13 nét cua sy phan b Precision va Recall hop
1y hon, tap test sau khi danh trong s6 xich lai gén tap train,
cho thay su phit hop mé hinh tang 1én.

Bén canh class weighting, con kha nhiéu k¥ thuat xir Iy
do Keras hd tro dé xir 1y nang cao d6 phii hop ciia mé hinh
xay dyng tir dit liéu khong can bang. Trong nghién ciru nay
dung lai ¢ class weighting.

VI. KET LUAN

Bai bao nay la két qua nghién ctru vé logit model, bo dit
lidu khong cin bang va cac ky thuat hoc sau cung cap bai
Kera. Chung t6i da d& xuit mot hé théng chan doan bénh
thong qua xdy dyng mo hinh dy doan bénh bang cach sir
dung bo dir liéu khong can bang chira cac yéu té nguy co
ctia bénh ung thu ¢b tir cung. Trong sé 172 hd so dit liéu
testing, chuong trinh chay ra két qua chan doan tring khép
v6i ho so 2 duong tinh chinh xac dat ty 1& 94.18%. Nhiing
canh bao ban dau nay sé 1a Co SO dé nguoi bénh c6 cai nhin
khach quan hon, cling nhu tam quan trong vé bénh ung thu
cd tir cung ctia minh dé co thé 1ap ké hoach cham soc va
diéu tri phi hop.

LOI CAM ON

Xin chén thanh cam on truong Pai hoc M Thanh phé
Hd Chi Minh va Hoc vién Cong nghé Buu chinh Vién
thong da tao diéu kién cho chung t6i thuc hién cac nghién
ctru nay. Bén canh do, chung t6i cling xin chan thanh cam
on quy thay co di ludn ting ho, dong vién va gitp do ching
t6i trong sudt qua trinh nghién ciru.
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Abstract: According to the Global Cancer Observatory,
cervical cancer globally caused 604,127 new cases and
341,831 deaths in 2020 [1]. Besides, the number of cervical
cancer patients with no sign has increased in recent years
[1] [2]. The majority of patients come for medical
examination and treatment when the cancer is in a late-
stage, at which time patients must perform a partial or even
total removal of their uterus. Providing early warning for
the existence of cervical cancer is a practical job. This
would help patients to have a specific view of their health
status, and then they can take the right actions or take
support in improving their health and getting earlier
treatment. This study is continuously discovering cervical
cancer using Al, especially in machine learning. We aim to
apply a new approach of deep learning with a logit model
to help to detect cervical cancer with the provided data
from patients. We use Keras‘s deep learning and its
techniques - class weighting for getting better results. The
system is designed that the input data is risk factors of
cervical cancer, and we use a model which is built with the
training data set obtained from the UCI Machine Learning
Repository [3]. The experimental result with model
accuracy is 94,18% compared to the actual diagnostic
result. This result shows us a positive prediction of cervical
cancer with the logit model, proves that Al and Machine
Learning are effectively helping patients predict and
prevent cancer before getting it.

Keywords: Cancer Diagnosis, Cervical Cancer, Cervical
Cancer Diagnosis, Machine Learning, Deep learning,
Acrtificial intelligence.
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