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Tom tat: Bénh tiéu duong 1a mot trong nhitng ching bénh phd bién va c6 nhiéu tac hai nghiém trong
dbi voi stic khoe con nguoi, ¢d kha ning dan dén tir vong néu khong duoc diéu tri kip thoi. V| vay,
phét hién bénh som dé co phuong phép can thi¢p sém phu hop la mét trong nhitng nhu cau cap thiét.
Trong bai bao ndy, chung t6i dé& xuat mot phuwong phap du doan bénh nhan mac bénh tiéu duong két
hop giira lva chon dic trung va phuong phap sinh thém phan tir dé 1am loai bo cac thudc tinh du thira
va lam giam sy mit can bang dit liéu. Két qua thuc nghiém cho thay phuong phép do chung t6i dé
XUt c6 thé so sanh duoc véi cac phuong phap du doan khac.

Tiur khoa: Bénh tiéu duong, Dit liéu mit can bang, phuong phép sinh thém phan tir, Lwa chon dic
trung

1. TONG QUAN

Bénh tiéu duong 1a mot trong nhitng chimg bénh phd bién va c6 nhiéu tac hai nghiém trong d6i véi
stirc khoe con nguoi, thudc nhom cac bénh chuyén hoa bat thudng va man tinh, gay ra tinh trang
luong duong trong mau ting cao, va kéo dai [1] ma nguyén nhan 1a do su rbi loan chuyén hoa
khong dong nhét, c6 dic diém tang glucose huyét do khiém khuyét vé tiét insulin, vé tac dong ctia
insulin hogc ca hai. Lugng dudng trong mau cao co thé dan dén viéc di tiéu nhiéu, khat, d6i, dac
biét 1a thém d6 ngot. Bénh con gy ton thuong nghiém trong cho mach mau, tim, than, mit va than
kinh, do tang glucose man tinh trong thoi gian dai dan den nhing rdi loan chuyén hoa carbohydrate,
protid va lipid. Néu khong diéu tri khan cap, bénh tiéu duong c6 thé giy ra nhiéu bién chimg
nghiém trong ciing nhu cac tac dung phu tidu cuc, nhu nhiém toan ceton (diabetic ketoacidosis),
tang tham thau do ting glucose mau (nonketotic hyperosmolar), bénh tim, dot quy, suy than, loét
ban chan, giam thi lyc va mu. Ngoai ra, nhitng nguoi mac bénh tiéu duong c6 nhiéu kha ning bi
nhiém COVID-19 hon va c6 nguy co gap bién ching hoic tir vong cao hon [2].

Gan ddy, bénh tiéu duong da tré thanh nguyén nhan gay tir vong va bénh tat hang dau trén thé gioi.
Theo Lién doan Tiéu duong Quéc té, nam 2019 c6 khoang 463 triéu nguoi trén toan thé giéi mac
bénh. Dy doan dén nam 2045, s lugng ngudi MAc tiéu duong sé tang thém khoang 51%, dat téi
con s khoang 700 triéu nguoi [3]. Hinh 1 cho thay sy gia tang ctia bénh nhan mac tiéu duong theo
thoi gian [4].

Bénh tiéu duong duoc phan thanh ba loai chinh: loai 1, loai 2 va tiéu duong thai ky. Tiéu duong
loai 1 phat sinh khi co thé khong thé san sinh insulin vi té bao tuy ¢dam nhan chiic ning nay bi phéa
hity. Tiéu duong loai 2 phat trién khi co thé trg nén dé khang vai insulin. Tiéu duong thai ky phat
trién khi hormone ngin chin insulin duoc co thé san sinh trong qué trinh mang thai. Theo thdng
ké, ndm 2019 c6 hon 1,1 triéu ngudi dudi 18 tudi mac bénh tiéu duong loai 1, hon 20 triéu tré em
bi anh huong do tac hai cua tiéu duong thai ky.


https://www.vinmec.com/vi/tin-tuc/thong-tin-suc-khoe/vai-tro-cua-insulin-voi-co-con-nguoi/?location=all
https://www.vinmec.com/vi/tin-tuc/thong-tin-suc-khoe/carbohydrate-la-gi-va-co-tac-dung-gi/
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Hinh 1. Biéu do gia tang sé lirong bénh nhan mdc tiéu dwong trén thé gigi

Tuy nhién, tiéu duong loai 2 12 loai phd bién nhat va thuong thay ¢ nguoi truong thanh, duoc phat
hién ¢ khap cac qudc gia. Nam 2019, thé gioi c6 khoang 374 triéu ngudi co nguy o cao mac tiéu
duong loai 2, véi khoang 4,2 triéu ca tir vong. Nghién ctu cho thay ctr 2 nguoi mac bénh tiéu
duong thi co 1 ngudi khong dugc chan doan, dan dén kha nang tir vong ting 1én. Nhin chung, nhiéu
ngudi méac bénh bénh ticu duong loai 2 hiém khi biéu hién bat ky triéu chung nao, dan dén ting
cac yéu tb nguy co gy ra bién chiing vi khong duogc chira tri kip thoi [5]. Do do, phat hién va diéu
tri s6m bénh tiéu duong 1a mot trong nhiing bude quan trong va can thiét dé 1am giam nguy co gay
bién chung nghiém trong va tir vong & cac bénh nhan mac bénh nay.

Nhiéu nghién ciru nham du doan bénh nhan méc bénh tleu duong bang cac phuong phap hoc may
da duoc thuc hién [4]. Tuy nhién, két qua dat duoc van chua kha quan lim. Mot trong nhitng
nguyén nhan la su mét can bang dir liéu trong tap dir ligu mau, khi sb luong nguoi bi tiéu dudng
bé hon s nguoi khée manh. Sy méat can bang dit liéu 1am giam hiéu qua cua cac thuat toan phan
16p truyén théng vi céc b phan 16p nay c6 khuynh huéng du doan 16p da sé - 16p ¢6 sb lwong phan
tr nhidu hon - va bo qua 16p thiéu s - 16p cd s6 lwong phan tir it hon [6]. N6i cach khéc, hau hét
cac phan tir thugc 16p da sé s& duoc phan 16p dang va cac phan tir thuoc 16p thiéu sb cling s& dugc
dur doan thudc 16p da s6, két qua 1a d6 chinh xéc toan thé (accuracy) cua viéc phan I6p rat cao trong
khi d6 nhay (sensitivity) lai rat thap.



D¢ khic phuc nhugc diém nay, trong bai bédo ndy chiing toi dé xuat mot phuong phap két hop gitra
lya chon dac trung va k¥ thuat phan 16p dir liéu mat can bang nham lam tang chat luong cua viéc
du doan bénh nhan mac bénh tiéu duong loai 2.

2. THUAT TOAN IG-ENANSMOTE DU POAN BENH TIEU PUONG

Bai bao nay dé xuét thuat toan IG-ENaNSMOTE dé du doan bénh nhan méc bénh tiéu duong loai
2 dua trén k¥ thuat lya chon dac trung va thuat toan sinh thém phan ti.

Lwa chon dic trung

Lya chon dic trung trong nhitng nghién ciru gan ddy duoc cho thiy l1a c6 tac dung trong viéc cai
thién hiéu suét bai toan phan 16p dit liéu mat can bang [7]. Y tudng co ban cua ky thuét nay 1a chi
giir lai mot tap con cac dic trung quan trong caa di liéu thay vi sir dung tat ca cac dic trung dé
thuc hién phan Iép. C6 nhiéu ky thuat lya chon dic trung khac nhau nhu Filter, Wrapper hay
phuong phap két hop [8]. Mot trong nhitng phuong phép lya chon dic trung phd bién thuoc nhom
Filter 12 sir dung Do loi thong tin (Information Gain) dé tinh trong s6 cua cac didc trung va giit lai
cac dic trung co gia tri nhat dua vao gia tri ngudng cho trudc.

Vi tap dir liéu D, tap cac dac trung F, Do lgi thong tin IG(A) cua dac trung A eF duoc xac dinh
nhu sau:

IG(A) = H(D) - H(D|A) 1)
Trong do:
H(D) la entropy cua tap dir liéu D
H(D|A) 14 entropy c6 diéu kién cua D véi dic trung A
Thuit toan ENaNSMOTE dé nang cao hiéu suat phan Iép dir ligu mat can biang

Nham nang cao hiéu suat bai toan phan Iép dir liéu mat can bang, nhicu phuong phap da duoc deé
Xuat. Cac phuong phap nay dugc chia thanh hai nhém: nhom phwong phap tiép can & murc do thuat
toan nhu diéu chinh xac suat uéc luong, str dung cac hang s6 phat khac nhau cho cac nhan I6p khac
nhau [9] va nhom cac phuong phap tiép can ¢ muc dit ligu nhu sinh thém cac phan tir cho lop thiéu
s6 [10], _giam bot cac phan tir thuoc 16p da s0 [9] hodc cac phuong phap két hop. Mot s tac gia da
chi ra rang cac phuong phép tiép can & muc dir liéu hiéu qua hon cac phuong phap con lai trong
viéc cai thién do chinh xéac sy phan 16p cac tap dir liéu mat can bang [9].

MGt trong nhimg phuong phép sinh thém phan tir pho bién, dugc &p dung trong nhiéu nghién ctu
khac nhau la phuong phap SMOTE. Phuong phép nay cho phép cac phan tir 16p thiéu so sinh thém
phan tir moi nam giira nd va mot trong nhiing phan tir lang gleng cung nhan 16p gan nhat cua
no [10]. Tuy nhién, SMOTE c6 nhugc diém la phu thudc vao tham s6, nghia 14 s6 luong Iang giéng
gan nhat k 1a tuy chon. Ngoai ra, tat ca cac phan tar 16p thiéu s6 déu sir dung ciing mot sé lugng
phan tir lang gieng gan nhét va cting sinh mot s6 lwong phan tir méi nhu nhau ma khong quan tam
dén sy phan b cac d6i tuong. Hon nira, SMOTE ¢6 kha nang sinh ra cac phan tr mai nam trong
pham vi 16p da sd, ddn dén tinh trang chong chéo giira cac 16p. Bé khic phuc cac nhuge diém trén,
phuong phap ENaNSMOTE di duoc dé xuat. Vi mdi phan tir thugc 16p thiéu s, ENaNSMOTE
s& sinh thém phan tar mgi nam giita nd va mot trong nhitng phan tir lang giéng tu nhién mo rong
cuano [11].



Goi ENaN(y) la tap cac phan tir 1ang giéng mé rong cua yeD. Luc do, VX eD:
x € ENaN(y) © x € NNi(y) Vy € NNa(x) & x € NNa(y) V x € RNN(y) (1)
Trong d6: NN, (y) 1a 4 1ang giéng gan nhdt cia 'y trong D
RNNy(y) = {xE|yENN;(x),yED} 2)
A4 gia trj riéng, dirge xdc dinh bang cong thirc (3) bén dudi:
A= argmin{(Vr€ {1,2,3..} V)3 x# »), (¥ € VVH{x) A (x € VNVr(p)), x,yED} (3)

D¢ sinh thém phan tr méi cho céc phan tr thudc I6p thiu s, Hongjiao Guan va cong sw [11] da
dé xuat thuat toan ENaNSMOTE nhu sau:

Thuat toan ENaNSMOTE

Input: Tap dit liéu mat can bang D.

Output: Tap dir liéu sau khi da sinh thém phan tir méi Za/ D.

1. Chia D thanh hai tdp con tirong iing Véi 16p thiéu sé Pos va ldp da s6 Neg

2. Tinh gia tri zgezn1a sé phan tir can sinh thém: 7zgen = nneg - npos,

3. Xdc dinh tdp lang giéng mo réng £Va/V = ENaN_Search(2os);

4. Sinh thém phan tir méi nam giira cac phan ti 16p thiéu sé va cac lang gieng mé réng cuia no:
Gen_Pos= SMOTE(Pos, £NalV, ngen);

5. Fal D = Gen_Pos U D.

Thuat toan ENaN_Search dé tim lang giéng mé rong nhu sau:

Algorithm ENaN_Search

Input: Tgp diz liéu D.

Output: Tap lang giéng mé réng £NVaV cia D

1. Khoitao 7=1, Var € D, ¥VAx) = 0, RVNVAx) =D, nAx) =0;

2. while < |D| do

3 foreach x;€ D do

4, Xac dinh lang giéng gan nhat thu r 1a .z cua 1 trong D;

5 NlVr(xi) = NNr(xi) U {7}, RVNr(xy) = RVNr(x)) U {xi}, nb(xy) = nb(xy) + 1;
6 7(7) = {lxl, nAx) == 0};

7 if 7>1 & 71(7) == 7(r- 1) then

A=r-1;
8. foreach x;€ D do
9. ENaMx) = NVVAx) U RVVAx);
10. return ZNVad,
11. else
12. r=r+1;

3. THUC NGHIEM

Trong bai bao nay, chling t6i sir dung b¢ dit ligu vé bénh nhan méc bénh tiéu duong: PIMA Indian
diabetes dataset, 1a mot bo dit liéu pho bién thuong dugc dung trong cac thuc nghiém du doan ket



qua bénh tiéu duong loai 2. Bo dit liéu nay chira théng tin cia cac bénh nhan c6 d6 tudi trén 20 tur
Arizona, Hoa Ky. C4c thong tin vé& bénh nhan bao gom sé 1an mang thai (Pregnancies), nong do
glucose trong huyét trong (Glucose), huyét ap (BloodPressure), do day nép gap da co tam dau
(SkinThickness), chi s6 insulin (Insulin), chi s6 khdi co thé (BMI), chirc ning pha hé bénh tiéu
duong (DiabetesPedigreeFunction), tudi (Age) va c6 bi tiéu duong khong (Outcome) dugc mo ta
cu thé trong Bang 1.

Bang 1. Thong tin vé bg di ligu PIMA Indian diabetes

STT | Tén thudgc tinh Loai dit liéu | Mién dix liéu
1 | Pregnancies Integer 0-17
2 | Glucose Integer 0-199
3 | BloodPressure Integer 0-122
4 | SkinThickness Integer 0-99
5 | Insulin Integer 1-846
6 BMI Float 0-67.1
7 | DiabetesPedigreeFunction Float 0.078-2.42
8 | Age Integer 21-81
9 | Outcome Integer 0/1

B¢ dir liéu nay gom 768 déi tugng, trong d6 268 doi twong c6 két qua bi ticu duong loai 2, ty 1
mat can bang gitta 16p tieu_dwong: khong_tieu_dwong la 1:1.87.

Dit liéu trén trudc tién dugc chuan hoa theo phuong phép chuan hoa Z-score dé mdi thuoc tinh, trir
thugc tinh phan 16p, sau chuan héa c6 mean bang 0 va phuong sai bang 1. Qua trinh nay gidp giam
tac dong cua cac phan tir ngoai lai 1én tap dir lidu. Trong bai bao nay, ching t6i da sir dung ham
normalize cta goi Iénh SOM trong R.

Tiép theo, chling t6i tinh gié tri B loi thdng tin (IG) cho cac thudc tinh bang ham information_gain
cua goi FselectorRepp trong R va gitr lai cac thugc tinh co gia tri nay l6n hon 0, tic la loai bo cac
thudc tinh it quan trong. Do loi théng tin cta cac thudc tinh duoc thé hién trong Bang 2.

Bdng 2. B¢ lgi théng tin (IG) cua cac thugc tinh

Thuéc . Blood Skin . DiabetesPedigree
inh Pregnancies| Glucose . Insulin | BMI i Age
tin Pressure | Thickness Function
IG 0.0272 0.1318 0 0 0.0412 | 0.0519 0.0144 0.0502

Dt liéu sau xur ly dugc thuc hi¢n kiém chiing chéo 10-fold (10-fold crossvalidation). Trong moi
lan l1ap, 16p thiéu 30 cua tap huan luyén tuong ng duoc sinh thém phan tur dé dam bao b so luong
tuong duong véi s6 lwong phan tir caa l6p da sb, sau d6 két hop véi 16p da sb dé tao ra tap huan
luyén méi. Trung binh cong gia tri ¢ do hiéu suit caa két qua phan Iép cho tap kiém tra trong 10
lan I3p nay chinh 1a két qua dé danh gia hiéu suat caa md hinh.

Hinh 2 md ta toan bo cac budc ciia mo hinh chung t6i da dé xuat.



Trong bai bao nay, chung toi str dung may vector hd trg (KSVM) thuoc goi lénh kernlab l1am bo
phan 16p chinh dé so sanh két qua phan 16p b dir liéu gdc khong co can thiép cua thuat toan lam
thay ddi s6 phan tir dé xu ly su mat can bang di liéu (ORIginal) va két qua phan 16p c6 sir dung
thuat toan SMOTE thudc goi lénh smotefamily véi két qua khi sir dung thuat toan ENaNSMOTE
nham danh gia tinh hiéu qua caa thuat toan nay trong mé hinh dugc dé xuat.

Dé danh gia hiéu qua cua qua trinh phan 16p, ching t6i sir dung cac d6 do Recall (D6 hdi tudng),
Precision (B¢ chinh xac), F1, Sensitivity (B6 nhay), Specificity (B¢ dac hiéu) va G-mean thay cho
d6 chinh xéc toan thé (accuracy) nhu dbi véi viéc phan 16p tap dir liéu can bang. Khi phan 16p tap
dir liéu khdng can bang, Do chinh xac toan thé nay khong thich hop dé xac dinh tinh hiéu qua cua
mé hinh phan 16p vi cac bd phan 16p thong thuong s& cho ra d chinh xéac toan thé rat cao do phan
I6n cac phan tir déu duoc gan nhan 16p 1a 16p da s6 va rat hiém phan tir duoc gén nhan 16p cua 16p
thiéu sb. Cac gia tri Sensitivity, Specificity, G-mean dugc dinh nghia nhu sau:

TP . TP
Recall = 4, Precision = (5)
TP+FN TP+FP
2xRecall«Precision
F1 = — (6)
Recall+Precision
. TP o TN
Sensitivity = ——— (7), Specificity = TNTTP (8)

G — mean (Balanced accuracy) = +/Sensitivity X Specificity ~ (9)

O day, TP va FN lan luot 1a s6 phan tir l6p thiéu S(‘)’ dugc dy doan dung va bi du dodn sai so voi
nhén I6p thuc sy cua ching; TN va FP lan luot 1a s6 phan tir 16p da s6 duoc dy doan dung va sai
so vai nhan 16p thyc su cua chang.

4. KET QUA THUC NGHIEM DU POAN BENH TIEU PUONG

Bang 3 trinh bay két qua danh gia hiéu suat du dodn bénh nhan méc tiéu duong loai 2 cua cac
phuong phap truéc khi 4p dung chuan héa dir liéu: ORI-wo-norm, SMOTE-wo-norm,
ENaNSMOTE-wo-norm va sau khi chudn héa dit liéu: ORI, SMOTE, ENaNSMOTE véi phuong phéap do
chung t6i dé xuat IG-ENaNSMOTE va phuong phap ciia Hongfang Zhou et al. [4], theo cac do do Recall,
Precision, F1, Sensitivity, Specificity va G-mean. Trong Bang 3, nhitng gia tri khong ton tai duoc
thay bang dau -.

Bang 3. Két qua phan 16p (%).

Phwong phap Precision | Recall F1 Sensitivity | Specificity | G-mean
ORI-wo-norm 69.892 48.507 | 57.269 48.507 88.8 65.631
ORI 67.442 54.105 60.041 54.104 86 68.213
SMOTE-wo-norm 70.745 49.627 | 58.333 49.627 89 66.459
SMOTE 60.885 73.06 66.414 73.060 74.84 73.940
ENaNSMOTE-wo-norm 58.982 73.508 | 65.449 73.507 72.6 73.052
ENaNSMOTE 61.043 74.254 67.003 74.254 74.6 74.427




Hongfang Zhou et al. [4] 60.5 67.6 67.3 - - -
IG-ENaNSMOTE 62.155 75.075 | 68.006 75.075 75.5 75.286

So sanh két qua khi &p dung cac phuong phap sinh thém phan ti véi két qua cia phuong phap ORI-
wo-norm cho thay hiéu qué ciia céc phuong phép nay trong xtr ly sy mat can bang dit liéu. Trong
khi ty 18 s6 phan tir 16p thiéu sb duoc du doan diing bang ORI thap, ty 1é nay ting 1én dang ké, khi
ap dung cac phuong phap sinh thém phan tir. Cu thé, Recall va Sensitivity caa ORI ting lan luot
1A 1.12%, 24.55%, 25%, 25.75%, 26.57% so Vi cac phuong phap SMOTE-wo-norm, SMOTE,
ENaNSMOTE-wo-norm, ENaNSMOTE, IG-ENaNSMOTE. So véi cac phuong phap SMOTE-
wo-norm, SMOTE, ENaNSMOTE-wo-norm, ENaNSMOTE, IG-ENaNSMOTE, F1 cua phuong
phap ORI tang lan luot 1a 1.06%, 9.15%, 8.18%, 9.73%, 10.74% va G-mean tang lan luot 0.823%,
8.31%, 7.42%, 8.8%, 9.66%.

Két qua trén ciing thé hién hiéu qua cua phuong phap do ching toi dé Xuit so voi cac phuong phéap
khac. Cu thé, so voi phuong phap ORI va ORI-wo-norm, gia tri Sensitivity va Recall ting 26.57%
va 20.97%, F1 tang 10.74% va 7.97%, G-mean tang 9.66% va 7.07%; so voi phuong phap SMOTE
va SMOTE-wo-norm, gia tri Sensitivity va Recall tang 1an lugt 25.45% va 2.02%, F1 ting 9.67%
va 1.59%, G-mean tang 8.83% va 1.35%; so v&i phuong phap ENaNSMOTE va ENaNSMOTE-
WO-norm, gia tri Sensitivity va Recall ting 1an luot 1.57% va 0.82%, F1 ting 2.56% va 1.00%, G-
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Hinh 2. Qua trinh thuc nghiém dw dodn bénh nhan mdc bénh tiéu dwong

Du ligu dugc chuan hoa va ap dung phuong phap lya chon dac trung dé loai bo cac thugc tinh khong
can thiét, sau d6 ap dung kiém chung chéo 10-fold (a). V&i mdi lan Iap i (i=1..10), 16p thiéu s6 cua moi
tap huan luyén dugc sinh thém phan tir dé tap huan luyén dugc can bang va ap dung thuat toan phan 16p
dé du doan nhan I6p cho tap kiém tra twong tng (b).



mean tdng 2.23% va 0.86%. Chung t6i ciing thuc hién so sanh véi phuong phap do Hongfang Zhou
va Cac cong su de xuat [4], két qua cho thay phuong phap cua ching tdi cho két qua tot hon, cu thé
Sensitivity va Recall tang 7.48% va F1 tang 0.71%.

Bang 3 ciing cho thiy vai trd cia sy chuan hoa dir liéu dya trén két qua so sénh giita cac phuong
phap trude va sau khi chuan hoa. Recall va Sensitivy di ting 5.6%, F1 ting 2.77%, G-mean ting
2.58% khi phan I6p bang KSVM. Khi &p dung cac phuong phap sinh thém phan tir, chuan hoéa dir
liéu ciing rat quan trong. Vi du, gia tri Recall va Sensitivity trudc va sau khi chuan héa lan luot 13
47.627% va 73.06%, ting 23.43%; gi4 tri F1 ting 8.08% khi chuan héa dir liéu va G-mean ting
7.48% khi &p dung SMOTE lam phwong phap sinh thém phan tir. Khi st dung phuong phap sinh
thém phan tr ENaNSMOTE, Recall va Sensitivity c6 &p dung chuan hoa dit liéu ting 0.75%, F1
tang 1.55%, G-mean tang 1.38%, Precision tang 2/06%, Specificity tang 2%.

5. KET LUAN

Trong bai bao nay, chung t6i da trinh bay mot phuong phap lam tang hiéu qua du doan bénh nhan
mac bénh tiéu duong loai 2 12 IG-ENaNSMOTE. Chung t6i ciing da thuc hién danh gia hidu suat
cuia thuat todn nay va so sanh véi cac thuat toan khac. Két qua thuc nghiém da cho thay thuat toan
duoc dé xuat c6 hiéu qua tét dua trén cac gié tri d6 do danh gia hiéu suat Recall, Sensitivity, F1 va
G-mean. Chung t6i ciing thuc hién so sanh dé thay duoc hiéu qua cua chuan hda dir liéu ddi voi
viéc du doan.

Tuy nhién, do kich thudc caa tap dir liéu dung dé thuc nghiém van con han ché, trong tuong lai,
ching toi s& tim kiém cac tap dit liéu thuc khac dé thuc hién viéc kiém thir day du hon, tir d6 co
thé cho ra nhitng két qua chinh xéc va tin cay hon. Phuong phap nay ciing c6 thé ap dung dé lam
tang hiéu qua dy doan cac bénh khac nhu ung thu, bénh tim, than.

TAI LIEU THAM KHAO

Tap dir lieu PIMA Indian diabetes dung dé thuc nghiém trong bai bao ndy duwoc download tai
https://www.kaggle.com/datasets/uciml/pima-indians-diabetes-database vao ngay 24/11/2023.
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Title: A DIABETES PREDICTION METHOD BASED ON IG-ENANSMOTE ALGORITHM

Abstract: Diabetes is one of the common diseases and can cause serious damage to the human body.
With time, this may result in death if there is no right treatment. Therefore, it is necessary to diagnose
diabetes at an early stage and intervene early. In this paper, we propose a diabetes prediction method based
on feature selection and oversampling technigue to remove the redundant features and balance the dataset.
The experimental results show that our approach is comparable to some other methods.
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