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M3c du tiéu chudn chon bénh chi thu thap
loai B, C nhung nghién clfu ctia ching t6i khong
gap trudng hgp & dang C3. Trong 4 BN bi gay
xuong loai C la do TNGT, vdéi luc chan thuang
I6n, mic chan thuong nang lugng cao, co6 2 BN
kém theo tén thuong két hop tuy nhién cé thé
do C3 la dang day phuc tap, khdng gdp trong 63
BN ciia mau nghién cru nay.

V. KET LUAN

Tubi cla cac BN dao dong tir 19 tudi dén 65
tudi, do tudi trung binh ctia nhém nghién clu 1a
34,19 + 12,63 tudi. Ti Ié nam/nit Ia 3,2/1 vdi 15
BN nir (23,81%) va 48 BN nam (76,19%).
Nguyén nhan thudng do tai nan giao théng
(TNGT), tai nan lao déng (TNLP), tai nan sinh
hoat (TNSH) va tai nan thé thao (TNTT), trong
dé ti 1&é bi TNGT nhiéu han. Tan suat bi gay
xuong cdng tay bén trdi cao hon bén phai, vdi
gay cung muc la 51 trudng hgp, chiém 80,95%
cac trudng hgp bi gady xuong. Gay loai B theo
phén loai AO chiém 93,65%.
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DU DOAN BENH LY TIM MACH BANG PHUONG PHAP KET HOP
BANG CHU'NG SU DUNG LY THUYET DEMPSTER SHAFER
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Nhém bénh Iy tim mach la nguyén nhan gay tor
vong hang dau trén thé gldl chlem 31% tdng s6 ca tr
vong. Viéc chan dodn sém bénh va giai doan bénh ho
trg rat nhidu cho qua trinh didu tri, han ché& su tién
trlen cling nhu bién chimng va ty 1é tu’ vong. Qua trinh
nay dugc thuc hién thong qua sy phan tich nhitng
thong tin, bang chig, tr|eu chiing thdm kham 1am
sang, can lam sang bgi cac chuyen gia, y bac si. Gan
day, dé gop phan hd trg cho qua trinh chdn doan,
phuang phap tlep can tri tué nhan tao da dugc ap
dung dé téng tdc qué trinh phan tich va xu Iy Cac
phudng phap nay hau hét st dung ly thuyét xac suat
vGi vai tro trung tdm la dinh ly Bayes. Trong nghién
cfu nay, chdng toi cling du doan bénh ly tim mach
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theo hudng ti€p can khoa hoc dif liéu, nhung di theo
moét nhanh khac — két hgp bang chu’ng st dung ly
thuyét Dempster Shafer. Cy th&, moi trleu chu‘ng dugc
xem la mot bang chifng & k&t ludn v& bénh véi mot
mic d6 khdng chic chan nao do. Phep két hop
Dempster dugc dung dé tong hap cac bang cerng
MUrc d6 khong chéc chdn clia mdi béng chimg sé& dugc
tim bai thuat toan t6i uu sudn déc (gradient descent)
Két qua budc dau cho thdy phuang phap mdéi nay
khong chi c6 su cai thlen déng k& vé kha nang dv
dodn khi so sanh vdi cac phuong phap Bayes ma con
chi ra dugc mUc do chéc chdn cua ting trleu chu’ng
trong qud trinh chan doan. Nerng két qua nay cho
phép sy ky vong vao kha nang ho trg Idam sang cla
phucng phap ciling nhu tiém ndng (g dung clia khoa
hoc dir liéu vao linh vuc y hoc.

Ta khoa: Dempster Shafer Theory, Machine
learning, Bénh ly tim mach

SUMMARY
PREDICTING CARDIOVASCULAR DISEASES

BY COMBINING EVIDENCES USING
DEMPSTER SHAFER THEORY
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Cardiovascular diseases (CVDs) are the leading
cause of death worldwide, accounting for 31% of all
deaths. The early diagnosis and stage of the diseases
greatly support the treatment process, limiting the
evolutions, complications and deadth rate. This
process through the analysis of information, evidence,
clinical examination symptoms, subclinical by experts,
medical doctors. Recently, to contribute to the
diagnostic process, artificial intelligence has been
applied to speed up the analysis and processing
process. These methods mostly use probability theory
with the central role being Bayes' theorem. In this
study, we also predicted cardiovascular diseases with
data science approach, but followed another way —
evidence-based integration using Dempster Shafer
theory. In particular, each symptom is considered a
evidence about the disease with some degree of
uncertainty. Dempster combine is used to synthesize
the evidence. The degree of uncertainty of each piece
of evidence will be optimized by the gradient descent
optimization algorithm. Preliminary results show that
this new method not only has a significant
improvement in predictability when compared with
Bayesian but also shows the certainty of each
symptom in the diagnostic process. These results
allow expectations for the clinical support of the
method as well as the potential application of data
science to the field of medicine.

Keywords: Dempster Shafer Theory, Machine
learning, Cardiovascular diseases

I. DAT VAN DE

Nhém bénh ly tim mach la nguyén nhan gay
tir vong hang dau trén thé gigi. Theo thong ké
cla WHO ndm 2018 s6 lugng ca tir vong thudc
vé nhém tim mach la 2380 trudng hgp moi ngay
[1], chiém 25% t6ng s& ca t& vong tai My
(khdng k€ nhitng ca ti vong do tai nan giao
thong, dich bénh) [2]. Tai Viét Nam, theo thong
ké clla WHO, s6 lugng ca tif vong do tim mach
chiém 31%, dirng dau nhuyén nhan gay tir vong.
Vi tinh trang d6, nhu cau phat hién va chén
dodn sém bénh ciing nhu giai doan bénh cutia cac
bénh ly tim mach tré nén cap thiét.

Gan day, khoa hoc di liéu phat trién manh,
cung vdi su ho trg tich cuc tir kha nang tinh toan
cla may tinh, linh vuc tri tué nhan tao ra dai
thic ddy qud trinh khai pha tri thlc trong hau
hét cac linh vuc cla cudc séng. Tiéu biéu nhu
trong linh vuc x{r ly anh, dich may, hay cac tro
chai tri tué, tri thong minh nhan tao da ban dau
cho thay nhitng nang luc vugt troi han ca kha
nang cua con ngudi. Tai mot th(r nghiém, hé
thong Al cla Google-DeepMind AlphaGo da danh
bai nha vo dich cg vay thé gidi Lee Sedol vdi ti
s6 4-1 [3].

Ciling nhu thé & linh vuc y hoc, su’ két hgp tri
thdc lién nganh tao ra hudng mdéi nhu “health-
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informatics” hay “medicine informatics” ky vong
xUr ly dugdc cac bai toan khé trong y hoc va gay
ra su bung né tri thirc khi phan tich cac ngudn
di liéu khéng 16. Cac nghién clu 'ng dung cu
thé cling d3 dudgc trién khai, nhu may
mornitoring két hgp vdi theo doi bat thudng tu
dodng [4], cAc md hinh ch3n doan bénh [5]. Hau
hét, cac phuong phap nay dua trén ly thuyét xac
sudt thdng ké kinh dién Bayes. Mac du, ly thuyét
Bayes van dong vai tro trung tam trong phuang
phap ludn cta khoa hoc dir liéu, nhung mot
hudng khac — ly thuyét Dempster Shafer theory
vé két hgp bang chig dudng nhu tuong thich
han v@i dif liéu y hoc khi mé phong hanh vi phan
tich cla con nguGi va c6 xem xét dén mic do
khong chac chan (uncertainty) cta dir liéu.

Trong nghién clfu ngay, chdng t6i xay dung
mo6 hinh chan doan bénh Iy tim mach béng ly
thuyét Dempster Shafer. Moi triéu ching dugc
xem la mét bang chirng dé két luan vé cac bénh
kha di v8i cac trong s6 dong vai trdo nhu xac
suat. Phép két hgp Dempster dudc st dung dé
két hogp cac bang chdng nay lai, tir d6 dua ra
quyét dinh du dodn cudi cung. Phudgng phap chi
tiét dugc trinh bay cu thé & phan 2, két qua tha
nghiém dugc trinh bay & phan 3, cac phan tich
vé uu-nhugc diém dugc néu & phan ban luan va
két luan.

II. DOl TUQNG VA PHUONG PHAP NGHIEN CU'U

2.1. Poi tuong nghién ciru. BO dir liéu
dugc thu thap tir 4 ngudn: Cleveland, Hungary,
Switzerland va the VA Long Beach, dugc dat tén
la Heart Disease Data Set, va cong bd tai UC
Irvine Machine Learning Repository vao ngay
01/07/1988 [6]. Tap dir liéu thr nhat cung cap
bdi Cleveland véi 164 nguGi nguy cd thap, 139
ngudi nguy cd cao. Hungary cung cap tap di liéu
th(r hai cd 188 nguGi nguy cd thdp va 106 ngudi
nguy cd cao. Tap dif liéu th& ba chia 8 doi
tuogng nguy cc thap va 115 doi tuong nguy co
cao dugc cung cap bai Switzerland. Cudi clng,
Long Beach VA cung cap tap dir liéu th(r 4 véi 51
ngudi nguy co thdp va 149 ngudi nguy cd cao.
Nhu vay, tap dif liéu tbhg ma ching téi st dung
c6 920 ngudi tham gia, trong d6 co 411 doi
tugng nguy ca thap va 509 nguGi nguy ca cao.

Moi cd s@ dif lieu bao gom 76 thudc tinh
nhung trong nghién clu nay, chdng téi cling chi
st dung 9 thudc tinh cd thé phan loai dugc.
Ngoai trlr thudc tinh “num” dai dién cho mdc do
nguy cd tim mach, chdng t6i xr ly 8 thudc tinh
con lai thanh 23 triéu ching cu thé nhu sau:
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Bang 1: M6 ta 23 triéu churng phéan loai

STT | Viét tat Thudc tinh Thong tin chi tiét
1 sex =1 s 1 = nam
5 sex = 0 Gidi tinh 0 = nit ’
3 cp=1 1 = dau that nguc dién hinh
4 cp=2 . o 2 = dau that nguc khdng dién hinh
5 cp=3 Loai dau that ngutc 3 = khdng dau that nguc
6 cp=4 4 = khong cd triéu chirng
7 fbs =1 budng huyét luc déi > 120 1 =dung
8 fbs =0 mg/d| 0 = sai
9 |restecg=0 0 = binh thutng
10 | restecg = 1 | Két qua dién tam do lic nghi | 1 = c6 bat thuGng song ST-T 2 = phi dai that
11 | restecg = 2 trai xac dinh theo tiéu chuan cta Estes
12 | exang=0 “ A 0 = khong
13 exang = 1 dau that ngu'c do tap thé duc 1=cb
14 slope = 1 A in oA LR 1 = chénh Ién
15 slope = 2 D6 doc cua do;SCST khi tap thé 2 = bing
16 slope = 3 : 3 = chénh xudng
i; E: _ g S8 mach chinh dugc t6 mau
19 =2 bang phuong phap soi huynh | 0/1/2/3: S6 lugng mach chinh dugc to mau
20 ca=3 quang
21 thal = 3 3 = Binh thudng
22 thal = 6 Bénh thalassemia 6 = Thalassemia khong hoi phuc
23 thal = 7 7 = Thalassemia c6 hoi phuc
num MUrc d6 hep long mach, tuong | 0 = hep < 50% — Nguy cd tim mach thap
Ung vdi nguy cd tim mach 1 = hep > 50% — Nguy cd tim mach cao

2.2. Phuang phap nghién ciru:

2.2.1. Dempster Shafer Theory. Ly thuyét
Dempster Shafer (DST) la ly thuyét vé do tin cay,
la su tdng quat hoda ly thuyét Bayes khi c6 tinh
dén mirc d6 khong chac chan cua dir liéu [7]. Vi
du, tir mot triéu chiing X, cd thé hudng tdi mot s&
kha nang vé bénh ly thudc tap gia thuyét Y = {Y1,
Y2,..., Yn}. Ly thuyét DST cho phép gan trong s6
vé muc dd lién quan cla X téi tap bénh Y. Cu thé,
mdt kha ndng bat ky cta Y (thé hién 1a mot tap
con clia Y) dugc gan mot gia tri trong s6 pi thudc
khoang [0, 1] thé hién kha ndng mac bénh dé khi
6 triéu chirng X. Va tdng trong sd cla tat ca cac
kha nang kha di bang 1:

=T
X Pio 1

Viéc gan trong s la van dé quan trong bac
nhat trong ly thuyét DST. Thong thuGng, nd
dugc xtr ly bang ly thuyét xac suat hodc bang y
ki€n cua chuyén gia. Mot nghién clu gan day
phét trién phucng phap gan bang cac thuét toan
toi vu (Gradient Descent) [7].

Sau khi gan trong s6 cho tiing kha ndng,
DST cho phép két hgp cac kha nang riéng lé tao
thanh kha nang chung. Bong thai, DST ciing
thuc hién tinh toan trong s6 cla kha nang chung
dé, bé qua su xung dot gilta cac kha nang.

Trong s6 cla khad nang chung A dugc két hgp
dya trén kha néng B va C theo cong thuc:

1
T Zsnc=a=o Ps X Pc
A=

Trong do, k la dai lugng dai dién cho su xung
dot gilra kha nang B va C, k dugc tinh bang:

k=25' nc=oPe X Pg

2.2.2. Gradient descent. Trong Machine
Learning ndi chung hay cac thuat toan téi uu ndi
riéng, Gradient descent la phuong phap dugc sir
dung nhiéu nhat dé t8i uu hdéa md hinh [8].
Gradient descent xUr ly tim gia tri cuc dai hay cuc
ti€u cia mét ham s& nham t6i uu hda thuét toan
bang cach khdi tao mot gia tri ban dau cho cac
bi€én cta ham so. Sau dé, dung mét phép toan
I3p dé tién dan dén diém can tim, tlc dén khi
dao ham gan véi 0. Sau khi x& ly, Gradient
Descent tra vé bd trong s0 t6i uu clia cac kha nang.

2.2.3. Phuong phap Bayes classification
(logistics regression). Bayes la mot cong thirc
toan hoc don gian dugc st dung dé tinh toan cac
xac suat co diéu kién, la phuong phap dugc sur
dung phd bién va cd tinh (ing dung cao. Trén
thuc t&, mai triéu chirng X cfing cé thé gdp trong
cac kha nang Y = {Y1, Y2, .., Yn}. Ly thuyét
Bayes tinh todn xac suat ma triéu chiing X gap
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trong t4t ca cac kha ngr2 X2

P(Y/X) =  HE

Mdi triéu chu’ng X gap trong 2" kha nang

bénh Y. Cac xac su'?t nay co téng bang 1:
53 P(Y/X) _

Sau do, Logistic Regression la mé hinh hoi
quy dudgc st dung dé€ xdy dung md hinh phén
biét 2 nhém nguy cd tim mach. Day la mot trong
nhirng thuat toan phan loai thudc hoc may cé
giam sat [10] dudc dp dung phd bién trong
Machine Learning.

2.2.4. K-fold cross-validation. Cross
validation la mot phuang phap thong ké dugc sur
dung dé€ udc lugng hiéu qua cta cdc md hinh
hoc may. Trong nghién clu néy, ching toi sir
dung kY thuat kiém tra chéo vdi 10 phan nhém
(ten-folds cross-validation). Cu thé, dir liéu dugc
chia ngdu nhién thanh 10 nhém. Mdi [an chay,
dung 9 nhém dé€ dung mé hinh va nhém con lai
dé kiém tra. DO chinh xéac cla phép du doan I3
trung binh cho ca 10 [an chay.

Ill. KET QUA NGHIEN cU'U

3.1. Ly thuyét Dempster Shafer két hdp
vGi danh trong s0 bang Bayes. O/ day, moi
triéu ching sé dua ra cac danh gia cta nd vé
kha ndng khong bi bénh (nhém 0), kha nang bi
bénh (nhém 1), hodc chua r vé ca 2 (nhém {0,

1}). Trong s6 cia nhém {0,1} dugc khdi tao
ngau nhién la p thudc [0, 1]. Trong sG cua 2
nhém con lai tugng Ung la xac sudt khong bi
bénh va bi bénh khi da cé triéu chifng va nhan
vGi hé s6 (1-p). Nhu vay, véi 1 triéu chliing, mo
hinh sé két luan vao 3 kha nang: [{0}, {1},
{0,1}] v@i cac hé s6 tuang ng: [(1-p)P(0), (1-
p)P(1), p]. VG8i 23 triéu chiing riéng ré, mo hinh
cd 23 tham s6 p tuong ’ng. B6 tham s0 p t6i uu
dugc tim bang thuat todn t6i uu sudn déc. Két
qua chay cross validation v8i 10 nhém cho do
chinh xac 83%, do nhay 88%, va do dac hiéu
76%. K&t qua nay cd su cai thién dang ké khi so
sanh vGi nghién clfu tuong duong cla Ram
Kumar (2020) st dung RFC (Random Forest
Classifier) du doan 2 mdc d0 nguy cd véi do
chinh xac 80%. Két qua chi tiét dugc trinh bay &
Hinh 1.

B tham s6 p thé hién mic dd khdng chdc
chan clia tung triéu chu’ng dugc chi ra & Bang 2.
o} day, dé nhan thay cac thudc tinh binh thudng
bao gébm: khong ¢ triéu chitng dau that nguc (p
= 0.23), dudng huyét lic déi < 120mg/dl (p =
0.58), két qua dién tdm do lic nghi binh thudng
(p = 0.37) c6 mic dé khdng chdc chan cao,
tham s6 p I6n. Diéu nay phu hgp vdi thuc té khi
cac triéu chiing binh thudng khong cé y nghia
cao trong chan doan bénh.

Bang 2: Trong sé trong phuong phdap DST + GD té6i uu [p]

STT Trong sO STT Trong sO STT Trong sO
1 [0.31, 0.53, 0.16] 9 [0.31, 0.32, 0.37] 17 [0.66, 0.24, 0.1]
2 [0.57, 0.2, 0.23] 10 [0.16, 0.32, 0.52] 18 [0.2, 0.44, 0.36]
3 [0.25, 0.19, 0.56] 11 [0.21, 0.28, 0.51] 19 [0.11, 0.46, 0.43]
4 [0.68,0.11, 0.21] 12 [0.51, 0.29, 0.19] 20 [0.07, 0.4, 0.53]
5 [0.49, 0.28, 0.23] 13 [0.09, 0.44, 0.48] 21 [0.63,0.27, 0.1]
6 [0.16, 0.61, 0.23] 14 [0.43, 0.27, 0.3] 22 [0.12, 0.5, 0.38]
7 [0.22,0.46, 0.32] 15 [0.21, 0.69, 0.1] 23 [0.11, 0.36, 0.53]
8 [0.21, 0.2, 0.58] 16 [0.12, 0.41, 0.48]

Thue té Thure té 0, nhém 1, Nhém {0, 1}]. Trong s6 clia nhém 0

Duong tinh  Am tinh va nhdm 1 [an lugt la xac sudt khdng mac bénh

£ E va c6 mac bénh. Gradient Descent thuc hién tdi

Z® 450 100 uu h‘éa 2 trong sO néyAvé duara h§ s§ I‘é’n |LI’(_)’t, la

S A po va pi. po va p: thudc [0, 1]. Hé so cua nhém

{0, 1} dai dién cho su khong chac chan dugc dat

£ £ la p = (1~ po~ p1). Nhu vay, 3 kha nang [{0},

5 5 311 {1}, {0, 1}] sé dudgc dai dién bdi 3 hé sb [po, p1,

S=< _ 1 — po — p1]. 23 triéu ching sé& dua ra 23 bd

Hinh 1: Confusion matrix mo ta két qua cua
DST + GD [p]

3.2. Ly thuyét Dempster Shafer két hgp

vGi Gradient Descent. Trong mo hinh nay, moi

triéu chirng cling dua ra 3 kha nang bénh [Nhom
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trong s6 tudng (ng. Cross Validation cho 10
nhom dua ra két qua do chinh xac 86%, d6 nhay
89% va do dac hiéu 81%. Két qua nay chi ra su
cai tién dang kE& khi so sanh vdi cac nghién clu
trong cung tap dit liéu, tiéu biéu nhu nghién cliu
clia Bemando sr dung Naive Bayes and Random
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Forest Algorithms dua ra d6 chinh xac 85% [13].
K&t qua chi tiét dugc thé hién & Hinh 2. B6 trong
s0 tudng ing dugc mo ta trong Bang 2.

Theo két qua mo ta, cac thudc tinh binh
thuding déu cé dd khdng chdc chdn cao. Cu thé,
cac triéu chimg: Khdng co triéu chirng dau that
nguc (p = 0.69), dudng huyét lac doi <
120mg/dl (p = 0.96), két qua dién tam do lic

nghi binh thudng (p = 0.98), khong dau that
nguc do tap thé duc (p = 0.98), khéng c6 mach
chinh dugc t6 mau (p = 0.57), khong co
Thalassemia (p = 0.56) déu dua ra kha nang {0,
1} véi tham s6 p > 0.55. Do d6 khoéng chdc chédn
cao nén cac thudc tinh nay it ¢ anh hudng dén
chan doan. Két qua nay cling phu hop véi thuc
t& sinh bénh clia cd thé.

Bang 3: Trong sé trong phuong phap DST + GD t6i uu [po, p1]

STT Trong sO STT Trong sO STT Trong sO

1 [0.01, 0.01, 0.98] 9 [0.01, 0.01, 0.98] 17 [0.33, 0.1, 0.57]
2 [0.14, 0.01, 0.85] 10 [0.13, 0.14, 0.73] 18 [0.23, 0.26, 0.51]
3 [0.28, 0.25, 0.47] 11 [0.23, 0.22, 0.55] 19 [0.35, 0.38, 0.27]
4 [0.2, 0.01, 0.79] 12 [0.01, 0.01, 0.98] 20 [0.34, 0.34, 0.32]
5 [0.12, 0.08, 0.8] 13 [0.22, 0.33, 0.45] 21 [0.25, 0.19, 0.56]
6 [0.11, 0.2, 0.69] 14 [0.21, 0.2, 0.59] 22 [0.34, 0.37, 0.29]
7 [0.14, 0.18, 0.68] 15 [0.12, 0.24, 0.64] 23 [0.1, 0.2, 0.7]

8 [0.03, 0.01, 0.96] 16 [0.26, 0.32, 0.42]

Thue t& Thue t& dua ra 23 b xac suat cho dai dién cho kha nang

Duong tinh Am tinh

453 77

wn
(o)}

334

Chéndoan  Chén doin
Amtinh  Duong tinh

Hinh 2: Confusion matrix mé ta két qua cua
DST + GD [po, p1]
3.3. Ly thuyét xac suat Bayes két hop
Logistic Regression.

Thuc té Thue té
Duong tinh Am tinh
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g

Hinh 3: Confusion matrix mé ta két qua cua
Bayes

TU mot triéu chirng, xac suat thdng ké Bayes
tinh toan kha nang mdc bénh, tuang (ng Vdi
nhom {1} la p. Kha nang khdng mac bénh khi co
triéu chiing do la (1 — p). Bayes bo qua phan
khéng chac chan cla di liéu, tdc la kha nang
nhém {0, 1}. Nhu vay, 23 triéu ching riéng lé sé

m&c bénh clia 2 nhdm [{1}, {0}] 1a [p, (1-p)].
Logistic Regression tinh toan va dua ra két qua
phan loai v&i do chinh xac 75%, d6 nhay 81% va
do dac hiéu 70%. Két qua chi tiét dugc trinh bay
G Hinh 3.

Nhu vay, sau khi str dung ca 3 phuong phap
nghién ctu, két qua cudi cing dugc tdng hap nhu' sau:

Bang 4: Tong quan két qua o 3 phuong phap

. | DST+GD |DST+GD
Phuong phap [p] [po,p1] Bayes
D06 chinh xac 83% 86% 75%
D0 nhay 88% 89% 81%
D0 dac hiéu 76% 81% 70%
Precision 82% 85% 72%
D0 léch chuan | p < 0.05 | p < 0.05 | p=0.05

IV. BAN LUAN

Trong nghién cfu nay, ching t6i st dung 3
phuong phap dé xay dung mé hinh du’ doan nguy
cd tim mach & 920 bénh nhan. Két qua cla ca 3
phudng phap dugc mo ta & Bang 4. Két qua nay
hoan toan phu hgp véi thuc té khi tap dir liéu cac
triéu ching lam sang cé d6 khong dam béao cao.
Bayes bo qua tat ca su khong chac chdn cla dir
liéu, két qua thu dugc d6 chinh xac thap nhat
(75%), vGi dd 1éch chuan cao (p = 0.05). DST cd
tinh toan dén phan di liéu liéu khdng chac chan
va gan trong s6 cho no, xay dung mo hinh véi do
chinh xéc cao (81%), dd léch chudn p < 0.05. Khi
két hgp thuat toan t6i uu Gradient Descent vdi
DST, d6 chinh xac dugc t6i uu hda rd rang (86%)
vGi p < 0.05. Md hinh nay hoan toan cé thé (ing
dung trén lam sang do do chinh xac cao, tinh hgp
ly va tinh khoa hoc cuia né.
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So v@i cac nghién clru trén cung tap dir liéu,
mo hinh DST két hgp véi Gradient Descent dat
dd chinh xac cao han. Ram Kumar va cac cong
su (2020) dad chi ra dudc rang RFC (Random
Forest Classifier) du doan 2 mdtic d6 nguy cd vdi
do chinh xac 80.327%. M6t s6 mo hinh khac nhu
Naive Bayes and Random Forest Algorithms cua
Bemando hodc K neighbors ciing dat do chinh
xac tuang ducng (85%). Nghién clru cua ching
t6i, sir dung DST két hgp Gradient Descent dua
ra mo hinh c6 d6 chinh xac cao, dong thgi phu
hgp vdi tinh chat khong dam bao cua bd dit liéu,
dua ra dugc IGi giai thich hgp ly trén lam sang.
Trong tuaong lai, khi khai thac cac huéng di nay
sau han, DST va Gradient Descent sé dem lai két
qua Ung dung cao han nita.

Trong moé hinh clla DST, mdi phan khong
chdc chan cla chdn dodn déu dugc danh gid
mdc dd tin cdy, thé hién qua tham s8 p cla
nhém {0, 1}. N6 dai dién cho kha ndng chan
doéan khéng chc chan, bénh nhan cé thé thudc
mUc nguy cd cao, cling cd thé 1a nguy co thap. p
cang thap thi sy anh hudng cua triéu chirng dén
viéc chan doan cang cao va ngudc lai. Sau khi s
dung Gradient Descent dé t6i uvu hda trong s,
dua ra gié tri p cho tuing triéu chL'rng, ta co thé
danh g|a dugc sy déng gop cla triéu chirng
trong viéc chan doén la cao hay thap. Day la mot
uu diém I6n cia DST vi da xem xét va gan trong
sO cho ting tri€éu chidng, lam tang do tin cay cla
chén doéan va phl hop han trong thuc té.

Tuy nhién, DST khi két hgp véi Gradient
Descent cling c6 mét s6 han ché nhat dinh.
Thuat toan hoi quy clia qua trinh xtr ly kha cong
kénh phdc tap. Nghiém cla qua trinh ciing
khéng dong nhat gilra cac [an chay mo hinh. Hon
nifa, nhu d3 biét, Gradient Descent chon mot
diém & gan local minimum (cuc tiéu dia
phuang), sir dung cac phép toan 13p dé tién tdi
diém t6i vu hda md hinh. Vi vay, han ché tiép
theo ctia md hinh chinh 13 viéc dé chon diém roi
vao dung local minimum, khién phép toan Iap trg
nén vo han. Viéc xur I;’/ thuat toan hoi quy &
Gradient Descent con ton tai mot s6 khd khan
nhu trén can khac phuc.

Bén canh nhitng khé khan trén, mo6 hinh DST
két hdp véi Gradient Descent cling cé nhiéu mat
tich cuc. Pay la mot phuong phap mdi, co chira
nhiéu tiém ndng Idn. Cach thirc hoat dong va giai
thich cia n6 linh dong va phu hgp vdi cach nghi
cla cac chuyén gia hon phugng phap xac suat
thdng ké Bayes. Ngoai trir tra vé do chinh xac
khi duv dodn nguy co tién trién bénh, phuong

phap nay con danh gia do tin cdy cla ting thudc
tinh. D3c diém nay rat phu hgp véi nhitng bd dir
liéu khong dong nhat nhu di liéu triéu chirng
ldam sang. Nhu vay, tinh khoa hoc va tinh hgp ly
clia DST rat phu hop dé€ &p dung va nghién clu
sau thém nira cho cac van dé lam sang noi
chung va du doan nguy cd tim mach nai riéng.

V. KET LUAN

Trong nghién clu nay, ching toi da xay
dung moO hinh du doan bénh ly tim mach su
dung ly thuyét Dempster Shafer. Két qua chay
thir nghiém trén bo dit liéu UCI vdi 920 bénh
nhan phan thanh 2 nhdém hep mach vanh dudi
50% va trén 50%, vdi 8 thudc tinh tham kham
ldm sang, can lam sang két qua du doan dat
83% - 86%. K&t qua nay cd su cai thién dang k&
khi so sanh vgi cdc mé hinh hdi quy Bayes co
ban (logistics regression, decision tree,...). Bén
canh dd, két qua con chi ra mirc d6 khong chic
chan cla ting thudc tinh va cad mic do khdng
chdc chdn trong két qua chin doan cua tiing
ngudi. Nhitng thong tin nay cho phép phan tich
day du han vé kha nang mac bénh cla ngudi
bénh, tir do xéy dung cac phéc do diéu tri phu
hop. Két qua nghién clru cung cho phep su ky
vong kha nang ho trg lIam sang cla phuong
phap nay ndi riéng va cla linh vuc lién nganh
medicine informatics.

TAI LIEU THAM KHAO

1. Virani, Salim S., et al. "Heart disease and
stroke statistics—2021 update: a report from the
American Heart Association." Circulation 143.8
(2021): e254-e743.

2. Centers for Disease Control and Prevention.
"Heart Disease Facts" (2022).

3. Chouard, T. (2016). The Go Files: Al computer
wraps up 4-1 victory against human champion.
Nature News.

4. Sorkin, R. D., & Woods, D. D. (1985). Systems
with human monitors: A signal detection analysis.
Human-computer interaction, 1(1), 49-75.

5. Fatima, M., & Pasha, M. (2017). Survey of
machine learning algorithms for  disease
diagnostic. Journal of Intelligent Learning Systems
and Applications, 9(01), 1.

6. Jackins, V., Vimal, S., Kaliappan, M. et al. AI-
based smart prediction of clinical disease using
random forest classifier and Naive Bayes. J
Supercomput 77, 5198-5219 (2021)

7. Penafiel, Sergio, et al. "Applying Dempster—
Shafer theory for developing a flexible, accurate
and interpretable classifier." Expert Systems with
Applications 148 (2020): 113262.

8. Ruder, Sebastian. "An overview of gradient
descent optimization algorithms." arXiv preprint
arXiv:1609.04747 (2016).



