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People, who have diabetes, are at high risk of developing diseases like heart
disease, kidney disease, stroke, eye problems, nerve damage, etc. Information
KEYWORDS technology tools used in diagnostic support help doctors detect a patient's disease
Diabetes condition quickly and accurately. Based on the diagnosis, the appropriate
treatment regimens for patients can be quickly indicated. In this article, we focus
on researching fuzzy knowledge graph models in supporting diabetes diagnosis.
Diagnosis support The knowledge graph model, mainly based on graph theory combined with fuzzy
inference, is a new research direction in recent years. This model is applied to
detect potentially data patterns that are prone to disease and assist doctors in
Accuracy diagnosis. To evaluate the performance of the proposed model, the
implementations are performed on a data set collected from the doctors at Hung
Yen General Hospital. Experimental results show that our new model gives better

results than the compared models.
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déu l1a nguyén nhan gdy ra bénh Dai thao duong. Nhimg nguoi mac bénh tiéu
| . dudng c6 nguy co cao mdc cac bénh nhu bénh tim, bénh thén, dot quy, cac van dé
TU KHOA vé mit, t6n thuong than kinh,... Cac cong cu cong nghé thong tin dugc sir dung
Dii thdo dudng trong hd trg chan doan gitip cho cac bac sT phat hién tinh trang bénh cua bénh
nhan mdt cach nhanh chong chinh xac dé tir d6 ho trg bac si soém dua ra cac phac
” . dd diéu tri phit hop cho ngudi bénh. Trong bai nay, chiing t6i tip trung nghién ctru
HO tro chan doan md hinh db thj tri thirc mo trong viée hd trg chin doan bénh dai thao duong. M6
Hiéu ning hinh db thi tri thirc dya trén ly thuyét dd thi két hop vai suy didn mo 1a hudng
nghién ctru méi trong thoi gian gan day. M6 hinh nay duoc sur dung dé phat hién
cac mau dir liéu c6 kha nang mac bénh va trg' gidp bac si trong chan doan. Dé
danh gia hiéu ning ciia m6 hinh, cac thyuc nghiém mo hinh d6 thi tri thirc dwoc
thuc hién trén b dir liéu thu thap tir cac bac si tai Bénh vién da khoa Hung Yén.
Két qua thyc nghiém cho thdy mo hinh d6 thi tri thirc md cho két qua tt hon cac
mo hinh so sanh.
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1. Gi6i thiéu

Dai thao duong (hay con goi 1a tiéu duong) 1a mot trong nhimng bénh khong 1ay phd bién ¢
nhiéu nudc trén thé gidi. Theo thong ké nam 2021 cua Lién doan dai thao duong thé gi6i, hién
nay c6 khoang 537 triéu ngudi truong thanh (20-79 tudi) dang séng chung voi bénh dai thao
duodng, va con s6 nay duoc dy doan s& ting 1én khoang 643 triéu vao nam 2030, chu yéu 12 tai
cac quoc gia c6 thu nhap thip va trung binh [1]. Tai My, tong chi phi y t& u6c tinh vao nam 2017
lién quan dén diéu tri bénh dai thao dudng 1a 327 ty USD, trong d6 chi phi truc tiép y té 1a 237 ty
USD, véi chi phi thude 1a 71,2 ty USD. Trung binh, nhitng nguoi mic bénh dai thdo dudng co
murc chi tra cho y té cao hon khoang 3,3 14n so véi muc chi tra ctia ngudi khong méc bénh [2].

O Viét Nam, bénh dai thao duong dugc duy bdo la mot trong bay can bénh giy tir vong va tan
tat hang dau vao nam 2030. Theo dir lidu cap nhat ctia Lién doan dai thdo dudng thé gisi, nim
2021 Viét Nam c6 gan 4 tridu ngudi mic bénh, véi ty 18 duoc diéu chinh theo tudi 14 6,1%. Trong
do, ty 1¢ mac bénh chua duge chan doan 13 51,5%. Chi phi trung binh cho diéu tri cia mdi bénh
nhan dai thao duong 1a 418,1 USD/nam [1], [3]. Chi phi cho diéu tri bénh dai thio duong 1a rat
16n, v6i thanh phan chi phi rit da dang, ngoai cac chi phi truc tiép y té, con c6 cac chi phi truc
tiép ngoai y té va cac chi phi gian tiép khac. Pai thio duong 1a bénh man tinh. Ngudi bénh phai
dung thude lién tuc va sudt doi, tao ra mot ganh ndng kinh té khong nho cho ban than ho va gia
dinh, cling nhu cho h¢ théng y té.

Dé phat hién bénh tiéu dudng, rat nhidu céng nghé va thuit toan da dugc cac nha nghién curu
st dung trong vai nam qua. Hoc may (Machine Learmng ML) 12 mot trong s6 cac cong nghé do.
Trong cudc cach mang cong nghi¢p lan thir tu, hoc mdy da dugce ching minh 12 mét cong cu co6
gia tri trong cac linh vuc khac nhau, bao gom ca cham soc strc khoe [4]-[6]. Tri tu¢ nhan tao,
khai pha dir li¢u, mang no ron nhan tao va nhiéu mang khac dugc coi 1a cac nhéanh thiét yéu ctia
ML. Viéc ap dung cic cong nghé tién tién vao linh vuc chdm soc stre khoe 1a rat quan trong, dic
biét trong vi€c phat hién bénh dai thao duong [7]. Qua trinh phat hién bénh va suy luan bénh gap
mot s0 kho khan khi sir dung cong ngh€ hoc may [8]. Trong khi hau hét cac cong nghé hoc may,
tri tu¢ nhén tao co thé dugc st dung dé dy doan bénh mot cach chinh xac, thi qua trinh thiét ké va
tién trinh suy dién thuong khong thé dién g1a1 dugc, khién chung tré 1én kho hiéu. Vi Vay, viéc st
dung cac cong nghé co thé giai thich duge va dé hiéu ddi v6i con ngum cling dong vai tro quan
trong Hon nita, mot nhuge diém khac cia Cong ngh¢ hoc may, hoc séu la chung khong thé giai
quyéet mét cach hiéu qua dm V01 cde bai toan ¢6 dit liéu ¢o tinh khong chac chan.

Logic m& duge phat trién dé giai quyét nhu’ng Van dé xay ra khi can biéu dién dir liéu c6 tinh
mo ho, khong chic chan. Loglc mo dugc g10’1 thiéu lan dau tién boi Zadeh [9] va dugc xem nhu
la mo rong cua logic dai s6. Piém khac biét cia logic md 13 cac gid tri ndm trong khoang tr 0 dén
1, duoc g01 12 muc d¢ thanh vién (hoac d6 thudc). Logic mo dugce trang bi cac 1ap luan glong nhu
con nguoi ¢ cach tu duy hé thong nén n6é phu hop khi ap dyng cho bai todan ma dit ligu c6 tinh
chat khong 10 rang, khong chic chin. Bang kha nang biéu dién va tinh toan manh mé véi dir liéu
mo hd va khéng chic chén, logic m& 1a mot cong cu co gia tri cho cac bai toan phén 16p. Hon
nita, viée sir dung cac hé thong dua trén quy tac mo (Fuzzy Rule Based System - FRBS), céc luat
dang IF - THEN ching minh kha nang biéu dién, phu hop v&i bai toan phan 16p va lam tang tinh
dién g1a1 cua hé thong [10]. So v6i cac cong nghé hoc may hién dai, cac h¢ thong FRBS c¢6 tinh
dién giai cao khi cac lugt IF - THEN dugc biéu dién dang bién ngdn ngir [11], [12]. Véi nhung
dic diém nhu vay, logic mo dugc khang dinh 1a mot k¥ thuat hiru ich dé du doan chinh xac va
som bénh dai thao duong.

Mot hudng nghién cuu gén day 1a biéu dién va suy luan tri thirc dwa vao do thi tri thirc va d6
thi tri thirc md duogc cong dong nghién clru quan tdm rong rai. DO thi tri thirc (Knowledge Graph)
[13] 12 mot ky thuat dugc sir dung dé giai quyét cac bai toan phan loai, hd tro ra quyet dinh rat
hi¢u qua. Tuy nhién, dd thi tri thirc di gip kho khin trong cac qua trinh biéu dién dd thi va suy
ludn xap xi trén cac tap dit liéu ddu vao c6 chira cic thong tin nhép nhang, mo hd, khong rd rang.
Gan day, db thi tri thirc m& (Fuzzy Knowledge Graph - FKG) lan dau dugc gidi thiéu vao nim
2020 va duoc tich hop trong mé hinh M-CFIS-FKG [14]. N6 d3 dugc dua ra dé giai quyét nhimng
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han ché ctia d9 thi tri thirc bang cach sir dung cac nhin ngdn ngit cho cac thudce tinh trong tap dit
liéu huin luyén. Pau tién, mot do thi tri thirc md duoc xdy dung sau giai doan chuan bi dit liéu
(hay con goi 1a biéu dién d0 thi). Sau d6, qua trinh suy luan xap xi duogc sir dung dé tim nhan cia
cac ban ghi mai trong tap dit licu kiém thir. DO thi tri thirc mo suy ludn dua trén luat IF-THEN,
trong d6 tac dong clia nhan ngdn ngir c6 kha ning tao ra nhin diu ra twong Gng.

Trong nghién ctru ndy, mot hudng tiép can méi dwa trén md hinh FKG dugc dé xuat va ap
dung cho bai toan chan doan bénh dai thio dudng. Bo dir liéu huan luyén va kiém tra duoc cung
cAp tir bénh vién Pa khoa tinh Hung Yén. Nhing dong gop chinh vé mit khoa hoc cua bai bao
nay bao gom:

e Thu thap va tién xir ly dir licu vé bénh dai thao duong tai bénh vién Pa khoa Hung Yén;

e Xay dung mo hinh d6 thi tri thirc mo cho hd trg chan dodn bénh dai thao dudng;

e (Cai dat, thyc nghiém mo hinh trén b dir liéu da thu thap.

Noi dung tiép theo cua bai bao dugc ciu tric nhu sau: Phin 2 hé théng dya trén luat mo, dd
thi tri thitc mo, cach xay dung dd thi tri thirc mo trong hd trg chan doan bénh dai thao duong.
Mbi truong cai dat, cac két qua thyc nghiém dé kiém ching mé hinh d6 thi tri thirc mo véi bo dir
lidu bénh dai thao duong dugc trinh bay & phan 3. Phan cudi cing 1a két luan va mot sé hudng
phat trién ctia cac nghién ctru tiép theo.

2. M6 hinh dd thi tri thirc mo trong hd tro chin doan dai thao duong
2.1. H¢ théng dwa trén lugt mo (FRBS)

FRBS la su mé rong cua cac hé thong dua trén quy tic co dién. Hé thong nay con duoc goi la
hé théng san xuét hodc cac hé théng chuyén gia. Vé co ban, chung dugc thé hién dudi dang luat
“IF A THEN B” trong d6 A va B 1a cac tdp mo. A duogc goi la phan tién d& va B duoc goi 1a phin
hé qua cta quy tdc. Dyua vao ciu tric thiét lap cac luat, c6 hai mé hinh FRBS co ban: mdé hinh
Mamdani va mo hinh Takagi Sugeno Kang [15].

M6 hinh Mamdani [15]

Mb hinh nay dwoc gidi thiéu boi Mamdani nam 1974 va duoc phat trién bdi Mamdani va
Assilian ndm 1975. M6 hinh Mamdani bao gdm cac bién ngdn ngir trong ca phan tién dé va phan
hé qua cua cac luat. M6 hinh nay duoc xem la hé thong nhiéu dau vao va mot dau ra (Multi Input
Single Output - MISO), cac luat IF-THEN m¢ dugc mo ta ¢ dang nhu sau:

IF X, is A, and X, is A, and ...and X,, is A, THENY is B (1)
trong do, X; va Y 1an luot 1a cac bién ngdn ngir dau vao va dau ra, con A; va B 1a cac gi tri
ngon ngir.

Kién tric tiéu chuin cho mé hinh Mamdani, bao gém bdn thanh phén: Giao dién mo hoa, Co
s& tri thie, BO suy dién va Bo giai mo. Trong do:

- Giao dién mo héa chuyén ddi cac dau vao rd thanh cac gia tri ngdn ng.

- Co s0 tri thire gém Co s¢ dir liéu va Co sé luat mo. Co sé dir liéu bao gém cac dinh nghia
tap mo va tham sb clia cac ham thanh vién con co so luat mo chira tap hop cac luat mo IF THEN.

-Bo suy ludn thue hién cac phép toan suy luén trén ludt mo va dir liéu dau vao.

- B§ giai mo tao ra cac gia tri sac nét tir cac gia tri ngdn ngir nhu két qua cudi cung.

M6 hinh Takagi Sugeno Kang (TSK) [15]

Mo hinh TSK tuwong ty nhu mé hinh Mamdani, chi khac & phﬁn hé qua cua cac luét IF -
THEN va dugc mo ta nhu cong thirc (2) dudi day:

IF X, is Ay and X, is A and ... and X, is A, THENY = f(X1,X5,.., Xp) 2

Trong do, Y = f(X1,X3,..,Xy,) la t6 hop tuyén tlnh clia céc bién dau vao. V1 c6 mot ham trén
phﬁn hé qua cua luat IF THEN, daurala gia tri thyc, do do trén mo hinh TSK khéng c6 bd giai mo.
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2.2. Dé thi tri thirc mo

Do thi tri thirc mo [14] 1a bd gdm nidm thanh phan duoc ky hiéu 1a FKG = (R,V,L,A,B),
trong do:
e R= {Rj lj = 1,_n} la tap cac luat trong co sé luat mo.
o I/ = {X ili= 1,_m} 1a tap cac thudc tinh dau vao, mdi thudc tinh duge biéu dién thong qua
gié tri bién ngon ngir (sau day goi 1a vé trai cua do thi FKG).
e L ={1,2,..,C}latap dinh nhin d4u ra (sau day goi 1a vé phai ciia do thi FKG).
e A:1atap cic canh biéu dién mdi quan hé giita cac dinh nhan thudc tinh dau vao.
e B: la tdp cac canh biéu dién mbi quan hé giita cac dinh thudc tinh dau vao va dinh nhin
dau ra.
Vidu 2.1. Ta c6 tap cac ludt mo nhu Bang 1. Khi d6 hinh anh cia dd thi tri thire mo duge xay
dung nhu trén Hinh 1.

Bang 1. Co s¢ ludt mo véi sau ludt

Luat X, X, X3 Nhin diu ra
Ry Medium1 High2 High3 1
R, Highl Low?2 Low3 2
R3 Low1l Medium?2 High3 1
R, Low1l High2 Medium3 1
Rs Highl Low?2 Medium3 2
Rg Medium1 Low?2 Low3 2
%4 X3 X Label

-

Low2

Vé trdi clia FKG Vé phai clia FKG
Hinh 1. B6 thi FKG dua trén co so ludt mo
2.3. M6 hinh dé thi tri thitc mé trong hé tro' chin dodn ddi thao dwong

Phan nay trinh bay mé hinh hd tro ra quyét dinh dya trén FKG va tmg dung FKG trong hd tro
chan doan bénh dai thao dudng.

Mo hinh hd trg ra quyét dinh dya trén FKG gdm mét sb budc chinh dugc biéu dién nhu trong
Hinh 2.

Cu thé, cac bude thuc hién ciia md hinh duoc chi tiét hoa nhu sau:
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Budre 1. Thu thap bo dir liéu bénh dai thao dudng tir két qua kham chira bénh.

| Tién xir by dir liéu |

| Béu dién FKG |
| Suy didn tim ra nhdn d&u ra |
| Gan nhdn, phan loai |

|E]énh gid, hé tror ra quyét dinh |

K&t thic

Hinh 2. So do téng quan ciia mé hinh hé tro ra quyét dinh duwa trén FKG

Budre 2. Tién xtt 1y dit lidu.
Str dung ¥ kién chuyén gia dé xay dung mot thang do véi ting thudc tinh dau vao.
Théng nhét cach sir dung cac gia tri bién ngdn ngir ddi voi timg thudc tinh dau vao.
Tham khao y kién chuyén gia dé loai bo cac nhiéu va lam sach bo di liéu.
Thuyc hién mot sd phép toan thong ké co ban trén bo dit lidu dé hiéu biét vé phan bd cia
dir lidu va kiém chimg d6 tin cdy cta bo dir lidu.
Nhan co s luat mo tir qua trinh suy didn mo dé tién hanh budc tiép theo.
Buéc 3. Biéu dién FKG [16].

e Tinh toan bo trong s6 canh Agjmk bang cach 4p dung cong thic (3)
lo(X) = o(X)) > > 6(Xyyy) inrule k|

AN N N N N

ANXX; . X)) = - 3)
trongdo, 1<i<j<--<ksm-—1t=1n;
n: s6 mau; o(X,), a(X;),...,o(X;) : gid tri ngon ngir cua thudc tinh X;, Xj, ..., Xy.
e Tinh toan b trong s6 canh Bitj...kl bang cach ap dung cong thirc (4)
m
Bitj...kl = Z Afj...k+1
j=i+1 (@)
(X)) =1 |loX;) =1 o(Xy) =1

><M1N(| (X:) |'| (X5) || (Xi) I)

n n n
voil<i<j<--<k<mt=1nl={12,..C}.
e Biéu dién FKG sau khi tinh cac bo trong s6 Afjmk va ijmkl.
Bude 4. Suy dién tim nhan dau ra.
e Tinh b6 trong sb C; j..ki duge xac dinh dya trén tong trong sd cic quan hé dén nhan
(Bitj...kl) theo cong thurc (5):
n

Cijorer = Z BY wi  1<i<j<-—<k<kl={12.,C} ©)
t=1

Cij..ki: duge str dung dé xac dinh mac do anh huong cua ting nhéan dén gia tri ngon
ngilr ciia thudc tinh trén dir liéu can gan nhan.
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e Tinh gié tri trong s6 D; bang cach ap dung toan tir max - min theo cong thirc (6):
Dy = maxi<i<j<..<k <k(CU Kk 1) + mm1<z<]< <k <k(CU & l) (6)
D,: xac dinh mitrc d6 kha nang nhan c6 thé nhan duoc trén bd dir lidu can tim nhin
e Tim nhan dau ra sau khi 4p dung toan tir max theo cong thirc (7):
Nhan daura = pnéu D, = max;=,,c(D;) (7
Buéc 5. Gan nhan dau ra, phan loai cac mau méi.
Buwéc 6. Danh gia, ho tro ra quyét dinh (két ludn cudi cung c6 thé két hop v kién chuyén gia
néu can thict).

3. Két qua thwe nghi¢m

Nhom nghién ctu da thyc hién thyc nghi€ém trén bd dir li¢u vé cac bénh nhan bi dai thao
duong ¢ thoi ky mang thai thu thdp tai bénh vién Pa khoa Hung Yén. Tép du li€u (BN-
DaiThaoDuong_ThaiNghen) duoc sir dung dé thuc nghiém gdm 759 bénh nhéan véi 22 thudc tinh
lién quan va két luan cua béc si tai bénh vién.

Moi truong thuc nghiém tién hanh trén may tinh xach tay (DELL Intel(R) Core (TM) i5-
7200U CPU @ 2.50GHz 2.70 GHz), ngon nglr Matlab 2014 da duoc cai dat, dit licu dugc chia
theo ti 18 70% dé training (530 mAu dé Training) va 30% dung dé testing (229 mau dé Testing).
Do do dé danh gia hiéu ning ciia md hinh, ching t6i sir dung d6 do do chinh xac (accuracy) va
thoi gian tinh toan (computational time). Chiing t6i thuc hi€n danh gid hiéu ning cua cac phuong
phap FKG-Pairs khac nhau (bao gdm cip doi: 1a cip gia tri ngon ngir cia 2 thudc tinh, cip ba: 1a
cap gia tri ngdn ngit cua 3 thudc tinh, va cép tu: 1a cap gia tri ngdn ngir ciia 4 thudc tinh).

Bang 2. Két qua thuc nghiém

Thaoi gian (Gidy) D§ chinh xac

FKG1 1,593 0,783
FKG2 1,942 0,823
FKG3 2,583 0,832
FKG4 3,152 0,854

Trong két qua thuc nghiém tai Bang 2 ching to rang phuong phap FKG- Pairs4 t6t nhat vé mat
d chinh xac (0,854), nhung thoi gian cao gap khoang hai lan so FKG-Pairs2. Dleu nay cho viéc
suy luan va chén doan bénh dua trén d6 thi tri thire mo dang cap (FKG-Pairs) vé mit tham sb do
chinh xé4c da dugc tang 1én khi ting t6 hop két hop gid tri ngdn ngir cua cac thudc tinh (theo muc
d6 cap doi, cip ba, cap tu), trong khi tham s6 thoi gian tinh toan lai ting nhanh. Viéc ting su két
hop céc cip gia tri ngdn ngit cua cac thude tinh thi do chinh xac cta két qua hd tro chin doan
tang nhung thoi gian thyc thi thuit toan ciing ting theo. Phu hop véi thuc té khi c6 nhibu gia tri
cac thudc tinh (cac thong s6 xét nghi€ém) dugc két hop véi nhau thi két qua hd trg chan doan
duoc chinh xac hon.

4. Két luan

Trong bai bao nay, ching t61 da trinh bay mot phuong phap hd tro chan doan bénh trén do thi
tri thirc mo dang cép (FKG-Pairs). Bai bao c6 mot s6 dong gop chinh nhur sau: (i) biéu dién do thi
va hd trg chan doan bénh. Trong d6, nhom tac gia da cai tién xay dung md FKG-Pairs vao trong
céc bai toan hd trg chin doan bénh; (1) da cai dat, thu thap dir liéu thuc té tai bénh vién Pa khoa
Hung Yén; (iii) két qua thuc nghiém dwa trén d6 do Accuracy, Time ciing di cho thiy viéc ting
sur két hop gitra cac cap thudc tinh thi mirc dd chinh xac dugce tang nén nhung thoi gian thyc thi
md hinh tang. Nghién ciru nay, lam tlen dé cho viéc phat trién nghién ciru sau nay cho viée giai
mdt s6 bai toan hd trg chan doan y té.
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Loi cam on

Nghién ciru nay duogc thyc hién dudi sy tai trg boi dé tai ma s6: B2022-SKH-01 tir B Gio
duc va bao tao.
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