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Dugc xay dung bdi Gido su L.Zadeh [15] vao nam 1965, 1y thuyét mo da
va dang phat trién rat nhanh, da dang, ing dung trong nhiéu linh vuc khac
nhau. Cong nghé mo da cung cap nhitng cong nghé méi cho cac nganh cong
nghiép lam ra nhiéu san pham thong minh, dap t@ng nhu cau thi truong
can c6 nhitng bo diéu khién linh hoat hon, nhiing thiét bi biét lam viéc véi
nhitng bai toan kho, xit 1y nhiéu loai thong tin mo, chua day du va thiéu
chinh xéac.

Khong diung lai 6 d6, nam 1983 K. T.Atanassov da dua ra khai niém tap
md tric cam [2], da gép phan to 16n vao he thong 1y thuyét mo, khic phuc
dugc nhitng han ché ctia tap mo, dic biet khi lam viéc véi cac déi tuong
ngtt nghia ty nhién ma viéc dwa ra do thudc khong chua dua va duge ap
dung trong nhiéu linh vyc nhu hée hé tro quyét dinh, y khoa, bau cit, kinh
doanh,...

Sy xuat hién tap mo triic cAm kéo theo mot hé théng 1y thuyét duodc
nghién ctu va ing dung rong rai. Trong d6 quan hé ma truc cam la mot
Iy truyét rat quan trong. Quan hé md truc cam biéu thi moi lien hé giita
nhiéu dai lugng. Trong thyc tién thuyc chat quan hé mo tryc cam 1a cac
quan hé gitta cdc bién nhan gia tri ngon ngt. Vi thé quan hé mo véi cac
bai toan thyc tién c6 vai tro rat quan trong. Nhan thay diéu d6 nén ching
toi chon dé tai “Quan hé md truc cdm” cho luan vin ctia minh. Luan
van trinh bay mot cach hé thong vé logic mo, mo tryc cdm, quan hé mo
truc cam va bude dau tim hiéu quan hé md btc tranh. Luan vin géom ba
chuong.

Chuong 1 “Gidi thiéu tap mad va tap md truc cam” trinh bay mot
s6 dinh nghia co ban vé tap mo va tap mo truc cdm clng cac phép toan
va hé thong logic mo.

Chuong 2 “Quan hé md truc cdm va ting dung’ chi yéu trinh bay
mot s6 tinh chat, dinh 1i, ménh dé clia quan hé mo triyc cam, va gidi thieu
mot tng dung clia quan hé md truc cdm trong chuan doan y khoa.

Chuong 3 “Quan hé md biic tranh va ing dung” budc dau mdé rong
quan hé mo tryc cAm sang quan hé md biic tranh va dé xuat tiép can méi

i



LOI NOI DAU

trong chuan doan y khoa st dung phép hop thanh clia quan hé md biic
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Chuong 1
Gidi thiéu tap mao, tap mo truc cam

Chuong nay trinh bay nhitng khéai niém co ban nhat ctia tap mo [1, 15]
va tap mo truc cam [2].

1.1. Tap mo va mot vai phép toan

Trong 1y thuyét tap hop co dién, khi xét quan hé clia mot phan t véi
mot tap hop thi ¢6 hai gia tri: 0 (néu khong thuoc) va 1 (néu thuoc). Cac
tap hgp nhu vay dugce goi la cac tap ro.

Cho tap X # @, tap A (r6) 1a tap con cia X duge xac dinh béi ham
dac trung

XA X = {07 1}
z > xa(2)-

1 néu z€e A
Trong do6 Z) = ’
8 46 xa(2) {0 néu z ¢ A.

Khi d6 A dugc goi 1a khong gian nén (tap nén).

Trong thic té, c6 nhitng tap hop ma cac déi tuong khong dinh nghia ro
rang vé ham dic trung. Vi du tap “Nhiing nguoi dan ong cao 1.7m” 13 mot
tap o, tap “nhdng nguoi dan ong cao lén” thi khong c6 dinh nghia cu thé
cua “cao lon”.

Khai niem tap mo dude L.A.Zadeh dua ra dau tién vao nam 1965 nham
muc dich mo ta nhitng tap hop khong ro rang, nghién ciu cac hé thong bat
dinh.

Dinh nghia 1.1. Cho tap X # @, A la mot tap mo trén khong gian nén
X néu A dugc xdc dinh bdi ham: pa : X — [0,1] trong dé pa goi la ham
thuoe, con pa(x) goi la do thuoe cia x vao tap mo A.

Dai khi ngudi ta c6 thé ki hieu A(z) thay cho pa(x).
Trong céc phan tiép theo, ta luon ki hieu

F(X)={AlAla tap mo tren X } .
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classical (crisp) set A

fuzzy set 4

menbership
function ()

0.0 1 f : f T

Hinh 1.1 Tap mo va tap ro

Ta c6 thé biéu dién tap md A trén khong gian nén X theo hai cach nhu

Sau.

A= { <x,u,4(x)>: T EX} hoac A = { (,uA(x)/:c>::1: € X}.

Vi du 1.2.

Z X 2 1
(i) A = “so thuc gan 10”7 ¢6 the c6 ham thudc ps(x) = 1+ (z —10)2

(i) X = [0, 130] tap tudi doi ctia con ngudi.
A = “tudi trung nien”.
Khi d6 A 1& tap mo trén khong gian nén X.

(iii) Dau van tay “toi pham” dé lai tai hién trudng ciing 13 tap mo.

(iv) X = [—20°,50°] tap nhiét do ngoai troi. A = “Nhiét do néng” la tap
mo trén khong gian nén X.

Dinh nghia 1.3.
Gid cia tap mo A la tap S(A) = {x € X|pa(z) > 0}.
Vi moi 0 < a < 1 tap mitc A, cho bdi: A, = {x € X : pa(z) > a}.
Tuong tu nhu doéi vé6i tap ro, ngudi ta dinh nghia cac phép toan va quan
hé trén tap mo.
Dinh nghia 1.4. Cho A, B € F(X).
Khi dé phép hop AU B, phép giao AN B va phan bu A la cdc tap mo
trén X vdi cac ham thuoc cho boi:

panp(x) = min{pa(z), pp(x)}, Vo € X.
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praup(x) = max {pa(z), pp(z)}, Vo € X,
pogc(x) =1 — pg(z), Vo € X.

Dinh nghia 1.5. Cho A, B € F(X). Ta noi:

A C B néu pua(x

| AN

B([U), Vr e X.

| V

pp(z), Vo € X.

).
)
A D B néu p(x)
) = pp(z), Vo € X.

A= B néu pua(x

Hé qua 1.6. Cho A, B € F(X).

Khi d6 (AUB), = A, U B, va (AN B), = Ay N Ba.

Coi @ la tap mo voi pg(x) = 0 vdi moi x, X la tap mo vdi ux(x) =1 vdi
mot .

Hé qua 1.7. A,B,C € F(X). Cac tap A, B,C ¢6 cdc tinh chdt sau:
1. Giao hoan: AUB=BUA; ANB=BnNA.

2. Két hgp: AU(BUC)=(AUB)UC; AN(BNC)=(AnB)NnC.
8. Liy dang: ANA=A; AUA = A.

4. Phan phoi:

AU(BNC)=(AUB)N(AUC);
AN(BUC)=(ANB)U(ANC).

ANg=g; AUX =X.

Dong nhat: AU@ = A; ANX = A.

Hap thu: AU(ANB)=A; AN(AUB) = A.

Luat De Morgcm' (AUB)Y = AN B°; (AN B)“ = AC U BC.

. Cuon: (AC) = A.

10. Dang tuong duong: (AC U B) N (A U BC) = (AC N BC) (AN B).
11. Hieu doi zing: (A° N B) U (AN BY) = (A“UBY) N(AUB).

© %NS W

1.2. Loégic mo
1.2.1. Nhitng khai niém co ban trong logic cd dién

Ki hieu P 1a tap hop cic menh dé va P, Py, P», Q1, @,. .. 1a nhitng ménh
dé. V6i mdi menh dé P € P gan gia tri v(P) la gia tri chan ly (do dang)
clia ménh dé. Logic co dién quy dinh v(P) = 1 néu P la dang (T-true),
v(P) =0 néu P la sai (F- false).

Trén P xac dinh ba phép toan co ban sau day.
1. Phép tuyén: P OR Q, ki hieu PV @, 1a ménh dé “ hoiic P hoic Q.
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2. Phép hoi: P AND @, ki hieu P A @, 1a meénh dé “vita P vira Q.
3. Phép phu dinh: NOT P, ky hieu P, 14 meénh dé “khong P”.

Tt ba phép toan logic co ban nay, nguoi ta da dinh nghia nhiéu phép
toan khac. Mot trong sd nhitng phép toan quan trong khac la phép kéo
theo, ki hiéu la P = @.

Khi st dung cac lien két logic: phép tuyen, phép hoi, phép phu dinh,
phép kéo theo va phép tuong duong (<), gia tri chan 1y clia ménh dé he
qud dugc xac dinh phu thuoc vao gia tri chan Iy clia cac menh dé goc P, Q
cho trong Bang 1.1.

Bang 1.1 Gia tri chan 1§ cia cic ménh deé.

P Q| PV AN =&

0O |1/1,1]1
1{0] 0 |1]0]0]O
O/1] 1 (1]0]1]0
00, 1 ]0]01]1

1.2.2. Mot s6 phép toan co ban trong légic md

T 16gic co dién, ngusi ta suy rong cac phép lien két logic co ban véi
cac ménh deé c6 gia tri chan ly v(P) nhan gia tri trong doan [0, 1], (thay
cho quy dinh v(P) chi nhan gié tri 1 hoac 0).

Cho cac menh dé P,Q, Py ... gia tri chan 1y v(P),v(Q),v(P1)... sé
nhan gia tri trong doan [0, 1].

Phan nay gi6i thiéu ba phép toan co ban nhat cia logic md.
a) Phép pht dinh
Dinh nghia 1.8. Ham n : [0,1] — [0,1] khong tang théa man diéu kién
n(0) =1, n(1) =0, goi la ham phi dinh (negation — hay phép phi dinh).

Dinh nghia 1.9.
a) Ham phi dinh n la chat néu no la ham lien tuc va gidm chat.
b) Ham phii dinh n la manh néu né la chat va théa man

n(n(x)) =z, Vo € [0,1].
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Hinh 1.2 Ham thudc ctia A va A’ (hay A*).

Vi du 1.10 (Mot s6 vi du vé ham phu dinh).

(i) Ham pht dinh thuong dung n(x) =1 — x.
(ii) Ham pht dinh n(z) =1 — 22

-z
1+ Az’

Ham (1—z) 13 phit dinh manh con (1 —2?) 13 mot phii dinh chit, nhung
khong manh.

A > —1.

(iii) Ho pht dinh (Sugeno,1997) Ny(z) =

Dinh nghia 1.11 (Mot cach dinh nghia phan bu clia mot tap mo). Cho
X la khong gian nén, mot tap mo A tréen X tuong vwng vdi ham thuoc
A X —[0,1].

Cho n la ham phi dinh, phan bu AC cia tap mo A la mot tap mo vdi
ham thuoc cho bdi A°(a) = n (A(a)), vdi mdia € X.

Ta thay dinh nghia phan bu trong muc 1.1 14 truong hop riéng khi n(z)
la ham pht dinh thuong dung.

b) Phép hai

Phép hoi (phép and-conjunction) 1a mot trong nhimg phép toan co bén
nhat. Thudng xét cac tien dé sau cho v (P A Q):

1. v(Pyand P,) chi phu thudc vao v(Py) va v(FP).

2. Néu v(P) = 1 thi v(P, and P») = v(P,) v6i moi ménh de P.

3. Giao hoan: v(P; and P,) = v(P,and P).

4. Néu v(Py) < v(P,), thi v(Pyand P3) < v(P,and P3) v6i moi ménh
de Pg.



Chuong 1. G161 THIEU TAP M3, TAP MO TRUC CAM

5. Két hop: v (P and (Pyand P3)) = v (P, and ;) and P3) .

Hinh 1.3 Ham thudc cia AN B .

Duya trén phép toan logic trén ngudi ta suy rong ra phép hoi mo nhu
mot ham s6 T : [0, 1]2 — [0, 1], thoa mot so tien deé sau:

Dinh nghia 1.12. Ham T : [0,1]*> — [0,1] la mot t—chuan (chudn tam
gidc hay t—norm) néu théa man cic dieu kién sau:
a) T(l,z) =2, voi moi 0 < x < 1.
b) T co tinh giao hodn, tic la T(x,y) =T(y,z) vdi moi 0 < x,y < 1.
c) T khong giam theo nghia T(x,y) < T(u,v) vdi moi x < u, y < v,
d) T c6 tinh két hop, tic la T (z,T(y,2)) =T (T(x,y), 2)
vor mot 0 <z, y, 2 < 1.

T nhitng tien deé trén suy ra T(0,z) = T'(x,0) < T(1,0) = 0.
Vi du 1.13. Mot 56 vi du ve t—chuan
(i) Min (Zadeh): T1(z,y) = min(z,y).

‘s LY
T - I
(1) Te(z,9) T+y—zxy

(iii) t—chuan dang tich: Tx(z,y) = zy.

(IV) T4(£U,y) = 9 _ (SE’ _T_yy . SCy)

(v) t—chuan Lukasiewicz: Ty (z,y) = max{z +y — 1,0}.
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(vi) t—chuan yéu nhat (drastic product):

Z(e.y) min(z,y) néu max(z,y) =1,
x? - Z
Y 0 neu max(x,y) < 1.

Sau day ta xét mot vai tinh chat ctia t—chuan.

Meénh dé 1.14. Vdi méi t—chuan T th
Z(x,y) < T(xr,y) <Ti(r,y) =min(z,y) véi mei 0 < x, y < 1.

Ching minh. Ta xét hai trudng hop sau:
Truong hop 1: max(z,y) = 1.
Khi z =1 thi T(1,y) = y = min(x,y) hay Z(z,y) = T(z,y) = T1(z,y).
Khiy =1 thi T(x,1) = 2 = min(z,y) hay Z(z,y) = T(z,y) = Ti(z,y).
Truong hop 2: max(z,y) < 1.
Khi d6 Z(z,y) =0 < T(z,y).
Gia st min(z,y) =y, khi d6 T'(z,y) < T(1,y) =y = T1(z,y).
= Z(x,y) < T(x,y) < Ti(z,y).
Chitng minh tuong tu v6i min(z,y) = x. O

Khi d6 nguosi ta dinh nghia phép giao ctia hai tdp md nhu sau:

Dinh nghia 1.15. Ung vdi t—chuin T, tap giao cia hai tap mo A, B la
mot tap mo (A Ny B) tréen X vdi ham thuoc cho bdi

(Any B) (z) =T (A(x), B(x)), Vx € X.

Viéc liya chon phép giao tuong ting véi t—chuan T nao tiy thudc vao
bai toan duge quan tam.
c) Phép tuyén
Phép tuyen hay toan tit 1ogic OR thong thudng théa man cac tien dé sau:
Dinh nghia 1.16. Ham S : [0,1]> — [0,1] goi la phép tuyén (OR, suy
rong, hay la t—doi chudan (t— conorm)) néu théa man cac dicu kién sau:

a) S(0,z) =z, vdi mei 0 < x < 1.

b) S co tinh giao hodn, tic la S(x,y) = S(y,x) vdi moi 0 < x,y < 1.

c) S khong giam theo nghia S(x,y) < S(u,v), vdi mei x < u, y < v.

(u,
d) S c6 tinh két hop, tic la S (z,S(y,2)) = S (S(z,y), 2)
vt mo1 0 < x, y, z < 1.

Tu dinh nghia: S(0,z) < S(z,1) <1< S(x,1) <1= S(z,1) = 1.

7
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A I\__/I B

Hinh 1.4 Ham thudc cia AU B

Vi du 1.17. Cdc ham t—déi chuan

max(z,y) néu x+y=1,
1 néu z+y#l.
max(z,y) néu min(x,y) =0,

S4($7 y) — {

1 néu min(z,y) # 0.
Ta ciling c6 dinh nghia téng quat ctia phép hop hai tap mo.
Dinh nghia 1.18. Ung vdi t—chudn S, phép hop cia hai tap mo A, B la
mot tap mo (A Ug B) trén X vdi ham thuoc cho bdi
(AUg B) (x) = S (A(x), B(x)), Vx € X.
Viéc lua chon phép giao tuong tng véi t—déi chuan S nao tluy thuoc
vao bai toan dugce quan tam.

B6 ba De Morgan

Ta da biét luat De Morgan noi tiéng

(AUB)Y = AN BY va (ANB)Y = AU B | trong d6 A, B 1a hai tap
con cua X.
Sau day 14 mot dang suy rong ctia hai ding thic trén cho logic md.

Pinh nghia 1.19. Cho T la t—chuan, S la t—doi chuan, va n la phép phi
dinh manh. Ching ta néi b6 ba (T, S,n) la mot bo ba De Morgan néu théa

8
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man mot trong hai dang thic sau:

(S(z,y)) = n (T (n(x),n(y))) hoac (T(x,y)) =n(S(n(x),n(y))).

Khi dé ta néi T va S déi ngdu véi nhau, bo ba (T, S,n) la lien tuc néu
T va S la hai ham lién tuc.

Quan hé déi ngau giita t—chuan va t—doi chuan cé thé thay qua dinh
Iy sau:

Dinh 1i 1.20. Cho n la phép phiu dinh manh
a) Cho S(x,y) la mot t—doi chuan va T (x,y) cho bdi
T(z,y) =n (S (n(zx),n(y))), Vo,y € [0,1].
Khi do6 T(z,y) la t—chuan.
b) Cho T(z,y) la mot t—chuan va S(x,y) cho bdi
S(z,y) =n (T (n(z),n(y))), Yo,y € [0,1].
Khi dé S(x,y) la t—doi chuan.
1.2.3. Quan hé mao

Dinh nghia 1.21. Cho X,Y la hai khong gian nén. R la mot quan hé mo
tren X x Y néu R la mot tap mo trén X x Y, tic la ¢c6 mot ham thuoc

UR XXY—>[O,1]

O day ta ki hicu R(z,y) = pr(z,y) la do thudc cia (x,y) vao quan hé R.

Dinh nghia 1.22. R la quan hé mo trén X x X ta c6 cac dinh nghia

(1) R la phdn ra néu R(z,z) =1, Vz € X.

(it) R la doi zing néu R(z,y) = R(y,z), Vo,y € X.

(iii) R la min -bac cau néu R(x,z) > R(x,y) A R(y, 2), Vr,y,2 € X vdi
A = min.

Dinh nghia 1.23. Mot quan hé mo R trén X X X la mot quan hé mo
tuong duong néu R la phdn za, doi xming, va min -bdc cau.

Dinh nghia 1.24. a—cat R,
R la quan hé mo tren X x X khi dé o -cat R, dudc dinh nghia bdi

Ry ={(z,y) : R(z,y) > a}

la mot tap con cua X x X.
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Ta c6 thé dong nhat R, v6i mot ham diic trung

Ro: X x X —{0,1}

(z,y) = Ra(z,y) =

1 néu (z,y) € Ra,
0 néu (z,9)¢ R,.

Khi do6 R, 1a
(1) Phan xa néu R, (x,z) =1, Vx € X.
(ii) D61 xting néu R, (x,y) =1 thi Ry(y,z) =1, V,y € X.
(ii1) Bac cau néu Ry (z,y) = Ro(y,2) = 1thi Ry(z,2) = 1,Va,y,2 € X,

Dinh li 1.25. Néu R la mot quan hé mo trén X x X thi R la quan hé mo
tuong duong < moi a-cit R, cam sinh mot quan hé tuong duong R, trén
X x X.

Ching manh.
(=) Néu R la quan hé mo tuong duong tren X x X, ta di chiing minh véi
moi a < 1, R, la m6t quan hé tuong duong .

(i) Vi R(z,z)=1>a, Va<1nénVa, (z,2) € R, = R,(z,z) = 1.

(i) Néu R, (z,y) =1 thi R(z,y) > a.
Ta c6 R tuong duong nén R(z,y) = R(y,x) suy ra

R(y,z) > a = (y,z) € Ry = Ru(y,z) = 1.

) R(x,
(iii) Néu (z,y), (y,2) € R, thi {REx v)
Ta c6 R tuong duong nén R(zx,z) > R(z,y) A R(y, z) > « suy ra
(,2) € Ry = Ro(x,y) = Ro(y,2) =1 thi Ry(z,z) = 1.

Vay R, la quan hé tuong duong.
(<) Néu voi moéi 0 < a < 1, R, 1a quan hé tuong duong (*), ta ching
minh R la quan hé mo tuong duong.

(i) Ta ching minh R(x,z) =1 v6i moi z € X.
Ta c6 Ry(z,x) =1suy ra R(z,z) > a v6imoi 0 < a < 1.
Gid st R(z,z) < 1thiton taia =1 va (z,z) ¢ Ry = Ry(z,z) =0
= R; khong tuong duong (mau thuan véi (x)).
Vay R(x,z) =1 v6i moi x € X.

10
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(i)

(iii)

Ta ching minh R(z,z2) > R(z,y) A R(y, 2), Vz,y,z € X.
Vi R, 1a tuong duong nén (z,y); (v, 2) € R, thi (z,2) € R,.

R >
tiic 1a (z,y) 2 a, thi R(z,2) > a véi moi o < 1.
R(y,z) = a

Gia st R(x,z) < R(z,y) A R(y, z). Ta xét hai trudng hop sau:
Truong hop 1: R(x,y) < R(y, 2).
Chon S sao cho R(z,z) < 5 < R(x,y) khi d6

Rs(z,y) = Rg(y,z) =1, Rg(x,z) = 0.

Vay Rp khong tuong duong (mau thuan véi (x)).
Truong hop 2: R(z,y) > R(y, z).
Chon f sao cho R(z,z) < < R(y, z) khi d6

Rs(z,y) = Rs(y,z) =1, Rg(x,z) = 0.

Vay Rp khong tuong duong (mau thun véi (x)) suy ra dieu phai
chiing minh.

Ta ching minh v6i moi z,y € X thi R(z,y) = R(y, z).
Vi R, tuong duong nén R(x,y) > « thi R(y,z) > o,V0 < a < 1.
Ta xét hai truong hgp sau:

Truong hop 1: R(x,y) < R(y, x)
Chon f sao cho R(z,y) < 8 < R(y,x) khi do6

Rs(y,x) =1, Rp(x,y) = 0.

Vay Rj khong tuong duong (mau thuan véi (%)) suy ra diéu phai
chiing minh.

Truong hop 2: R(z,y) > R(y, x) ta ching minh tuong tu.
Vay R(z,y) = R(y, z).

Vay R la quan hé md tuong duong. ]

11
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Mot s6 phép toan ctia quan hé md

Dinh nghia 1.26. Cho Ry va Ry la hat quan hé mo trén X XY, ta co cac
dinh nghia sau:
a) Hop cia hai quan hé mo Ry, Ry la mot quan hé md Ry U Ry vdi

R,UR, (T, y) = max {ug, (7, y), ur,(z,y)}, V(z,y) € X xX Y.

b) Giao cia hai quan hé mo Ry, Ry la mot quan hé mo Ry N Ry vdi

MR1QR2(I7:U) = min {MR1(x7y)7:uRz(x7y)} ) V(SU?y) € X xY.

Dinh nghia 1.27. Cho Ry va Ry la hat quan hé mo trén X x Y, ta noi:
R1 C Ry néu pg,(z,y) < pg,(z,y), V(z,y) € X x Y.
Ry 2 Ry néu pp, (7,y) > pr,(z,y), ¥(r,y) € X X Y.
Ry = Ry néu ug,(z,y) = pr,(z,y), V(z,y) € X X Y.

Dinh nghia 1.28 (Quan hé m¢ trén nhing tap md). Cho tap mo A trén
X vdi ham thuoc pa (x), tap mo B trén Y vdi ham thuoc pg (y). Quan hé
mo trén cdac tap mo A va B la quan hé mo R tréen X X Y thoa man cac
dieu kién sau:

pr (2,y) < pa(z),Vy ey,

pr (2, y) < pp(y), Vo € X.

Dinh nghia 1.29. Cho quan hé mo R trén X x Y
a) Phép chiéu cia R léen X la projy R = {(x, max, ug (z,y)) : v € X}.
b) Phép chiéu cia R léen'Y la projy R = {(y, max, ug (z,y)) 1y € Y}.

1.2.4. Phép hop thanh cia quan hé mao

Dinh nghia 1.30 (Phép hgp thanh max-min). Cho Ry la quan hé md
tren X XY wva Ry la quan hé mo trén'Y X Z. Kht dé hop thanh max — min
Ri 0o Ry cia Ry, Ry la quan hé mo tréen X X Z duoc xdc dinh boi

HRioRy (xa Z) — maxy {min (MR1 (33,3/) y MRy (ya Z))} ,V (x7 Z) € X X Z.

Ta xét vi du cu thé sau:

Ta mudn mo ta quan heé giita

X = {cac nganh hoc ctia khoa toan cua dai hoc su pham Ha Noi } va

7 = {Céc mic thu nhap(TN) lac di lam}.

Day 1a cac tap md, khé bieu dién truc tiép quan hé giita ching. Dua vao
kinh nghiém ban than ching t6i xay dung hai quan hé R; trén X x Y va
Ry 1a quan hé mo trén Y X Z trong do

12
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Y = {Cac dang cong viéc c6 the xin duge} .

Gia st X = {Dai s6, Giai tich, Phuong phap day hoc} 1a tap cac nganh
hoc.
Y = {day dai hoc, lam nghién citu, day pho thong} 1a tap cic cong viéc
c6 thé xin duge.
Ta c¢6 quan hé mo Ry cho bdi ma tran gia tri sau:

0.7 07 05
Ri=107 05 06
04 02 09

V6i Z = {TN cao, TN kha, TN binh thuong, TN thap} quan he¢ md Ry
trén Y x Z duge cho bdi ma tran gia tri sau:

02 08 06 0.1
R,=101 04 09 03
02 03 08 0.2

Khi d6 quan hé gitta cac nganh hoc va mtc thu nhap khi di lam thu
duge qua phép hop thanh max-min cia R; va Ry thé hién trong ma tran
gia tri sau:

02 07 07 0.3
RioRy=102 07 06 0.3
02 04 08 0.2

Tuong tu nhu vay ta ciing xay dung dudc mot s6 phép hgp thanh khac
cia quan hé mo

Dinh nghia 1.31.
a) Hgp thanh max —prod cho bdi:

MR oRy ($, Z) - m@?X{(MRl (I‘,y) MRy (yu Z))} 7v (.%’, Z) € X X Z.
b) Hop thanh max —* vdi * la mot t-chuan.

HRioR, (xVZ) - myax{(:uR1 (le,y) * LR, (y,Z))} v (x, Z) € X X Z.

13
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1.3. Tap md truc cam

Tap md truc cdm duge dé xuat béi Krassimir Atanassov vao nam 1983
la mot md rong cta tap mo Zadeh nam 1965. N6 dac biét hitu dung khi
lam viéc véi cac d6i tuong ngtt nghia ty nhién, trong dé viec dua ra do
thuoc khong thoi chua di. Vi du khi dua ra quyét dinh mot van dé, trong
y khoa, bau cit, kinh doanh... dic biet 1a khi tap hop ¥ kién nhiéu chuyén
gia, bén canh viéc ing ho con c6 sy phan déi vd mot ti lé luong ly nhat
dinh. Tap md truc cadm 1a cong cu hiéu qua dé biéu dién va suy dién céc
thong tin khong chinh xac, nhat quan.

1.3.1. DPinh nghia tap md truc cadm va mot sdé phép toan ca ban.

Tap mad tryc cam la mot dang suy rong cia tap mdo. Bén canh ham
thuoc pa (x), Antanassov da thém vao khai niém ham khong thudc vy ().
Sau day la dinh nghia tap mao tryuc cadm (I F'S).

Dinh nghia 1.32. [2] Tap mo truc cdim A trong khong gian nén X cé
dang:
A= {{, pa () va (2)) |3 € X}

trong dé: pa (z),va (z) lan ligt la do thuoc va do khong thuoc cia xz € X
doi vdi tap mo A.
Vii pa(x) € [0,1];v4 (z) € [0,1] théa man pa (x) +va(z) < 1,Vr € X.

Vi du 1.33.

Trong khi bau 16p trudng cia 16p 8A truong THCS Nguyén Trai, cac
ting vien A, B, C' nhan dugc su ung ho va khong ing hé khac nhau, ta co6
thé biéu dién tap két qua phiéu bau S nhu sau:

S = {(A,0.8,0.1),(B,0.6,0.3),(C,0.4,0.3)} .
Khi d6 S 1a mot tap mo tryc cam trén khong gian nén tap cac ting vién

Ky hi¢u: IFS(X) = {A|Ala tap md tryc cam trén nén X }.
Ngoai ra v6i méi A € [FS(X)

ma(z) =1— pa(z) —va(z), Vo € X,

ma(x) duge goi la do ludng lu ctia x vao A.

14
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Dan day du:
Xét tap L* va phép toan <y« dinh nghia bdi:

L* - {(1'1,.%'2) | (1'17.172) € [07 1]2 va | +$2 S 1}

(21, 22) <p+ (Y1, 92) © 11 <Yy vaxg > yo, V(21,22) , (y1,72) € L
Khi d6 (L, <;+) 1a mot dan day di.
Ki hiéu cac phan tit trung hoa 1a 07 = (0,1) va 1. = (1,0).
Ta thiy rang véi mot tap md truc cdm A tuong tng véi mot tap mo L
nhu mot anh xa

A: X = L7

2= (pa (), va (1))

Sau day 1 mot s6 phép toan trén tap mo tryc cam:
a) Tap con

ACB&Vre X, ua(r) <pp(r) vava(r) > vp(r).
AD B« B CA.

b) Hai tap bang nhau
A=B&Vre X, ua(x)=pp(r) vava(x) =vp ().

¢) Phan bu
A = {(5,4 (@), 14 (2)) |3 € X}
d) Phép giao

ANB = {{x,min (u4 (z),pp (z)), max (va (z),vp (z))) |r € X}.
e) Phép hop
AUB = {{z,max (ua (x),pp (z)),min (v (z),vp(x)))|r € X}.
f) Phép cong
A+ B={{z,pa (@) + pp (x) = pa(x) - pp (x),va () -vp(2)) |z € X}.
g) Phép nhan

A-B = {(, pa(x) - pp (x),va (x) + vp (v) —va(z) -vp () |z € X}.
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Chuong 2
Quan hé md truc cam va tng dung

2.1. Quan hé md truc cam va cac phép toan
Dinh nghia 2.1. [4, 5] Cho X,Y la cdc tap khdc rong. Quan hé mad truc
cam R la mot tap con mo truc cam cua tip X x Y tic la R co dang:

R = {{(z,9), pr(z,y),va(z,y))|(z,y) € X x Y}

Trong dé: pg : X xY = [0,1], vg : X xY —[0,1]
thoa man: 0 < pgr(z,y) + vr(x,y) <1, V(z,y) € X X Y.

Ki hieu: IFR(X xY') la tap tat ca cac quan heé md tryc cdm ctia X x Y,
Dinh nghia 2.2. Cho R la mdt quan hé mo truc cam hai ngot gita X
va Y. Ta dinh nghia quan hé mo truc cdm R~ gitta Y va X bdi cdac ham
thuoc va ham khong thuoc:

pe' (v, x) = pr(r,y); vg'(y, =) = ve(e,y), Y(z,y) € X X Y.
R~ dugc goi la quan hé nguoc ciia R.
Dinh nghia 2.3. Cho R la mot quan hé mao truc cam hai ngot gita X va
Y. Ta dinh nghia quan hé bu truc cam Reo gita Y va X boi

Re = {{(z.y),vr(z,y), pr(z,y))|(z,y) € X x Y} .

Céac tinh chat suy truc tiép tu tinh chat ctia tap md truc cam.

Dinh nghia 2.4. Cho R va P la hat quan hé mo truc cam gitda X va Y .
a) R< P& pp(r,y) < pp(x,y)vavg(z,y) > vpe(x,y), V(z,y) € X X Y.
b) R X P < ugp(z,y) < pp(z,y) va ve(z, y)<yp(:v y) V(x, )GXXY
¢) RVP = {((z,y), ur(z,y) V pp(z,y), ve(z,y) Avp(z,y))|(z,y) € X x Y}
d) RAP = {{(z,y), pr(x,y) A pp(,y), vr(z,y) V vp(z,y))|(z,y) € X x Y}
6) Re = {<(3},y),VR(£L’ y)> R( )>‘($ay) € X X Y}

Trong do

V
A
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Dinh 1i 2.5. Cho P,Q,R € IFR(X x Y) khi do:
(i) R<P=R!'<PL
(ii) (RVP) ' =R1v P
(iii) (RAP) = R'APL
(iw) (RN =R.
(v) RA(PVQ)=(RAP)V(RAQ); RV(PAQ) = (RVP)A(RVQ).
(vi) RVP>R;RVP>P ;RAP<P;RAP<P.

R>P R<P
i = > : = <
(mz){RZQ:>R_P\/Q,{R§Q:>R_P/\Q.

Chiing minh. St dung dinh nghia ta c6 thé chiing minh dugc céc tinh chét
(2), (i), (id4), (iv), (vi).
(v)

Ta co:
travo) (2, y) = e (2, y) AMpp (2,y) V o (2, y)}
= {ur (x,y) Nup (x,9)} VA{pr (@,9) A pg (v, y)}
= prpp (T,Y) V HRAQ (z,y) = H(RAP)V(RAQ) (z,y).

Chiing minh tuong tu ta dugc

VRA(PVQ) (z,y) = V(RAP)V(RAQ) (z,y).
Vay RA(PVQ)=(RAP)V(RAQ).
Chtng minh tuong tu véi RV (PAQ) = (RV P)A(RV Q).
(vii) Theo dinh nghia cia R > P va R > @ ta ¢6

{ R>P = ug(x,y) > w(x,y) vave(z,y) <vp(z,y),
RZQ:>/*LR(I7:U) ZNQ(:U):U) va VR(-CU,y) S VQ(JJ',?J)

Néu pp (7,y) > pg (,y) thi

pp (2,y) Vg (x,y) = pp (2,y) < pr (2, y).
Néu pp (z,y) < pg (2,y) thi

pp (x,y) V ug (2, y) = po (x,y) < pr (2, y)

= pp (@, y) V g (2, y) < pr (2, y).
Vay ppv (7,y) < pr (2, y)-
Ching minh tuong tu ta dudc vpyg (x,y) > vi (2, ).

R>P
> > .
{RZQ = R>PAQ
<P

. : . ) RS
Chting minh tuong tu véi { R<O = R<PAQ. []
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2.2. Phép hop thanh cia quan hé md truc cam.

2.2.1. Suy rong phép hgp thanh max-min cho quan hé md truc
cam.

Dinh nghia 2.6. Cho R€ IFR(X xY)va P € IFR(Y X Z). Quan heé

hop thanh maxz — min PC1R duogc xdac dinh bdi

PCiR ={{(z,2), upcyr (x,2) ,vpeyr (2, 2)) |(2,2) € X X Z}.

Trong do
[k (2, y) A pe (y, 2)]}

[IJR (I’, y) Vvp (yv Z)]} :

HPCiR (I’, Z)

=Vv{
Y
VpcyR (ZU,Z) - /y\{
vdi V = sup,; A = inf.

Meénh dé 2.7.
Néeu REIFR(X xY), Pe€IFR(Y x Z) thi PClRe€ IFR(X x Z).

Chaing minh. Dat K = ppe,r (v, 2) + vpe,r (2, 2). Ta can chiing minh
0<K<1,¥(x,2) € X x Z.
Ta c6 ppeyr (7,2) = V{[ur (,9) A pp (y, 2)]} suy ra ton tai y* sao cho
y

ppeir (T, 2) < pr(z,y°) App (Y, 2) +€,Ve > 0.

Ta lai ¢6 vpeyg (2, 2) = AN{[vr (z,y) Vvp (y, 2)]} suy ra
y

veoyr (7, 2) < vg(z,y%) Ve (¥, 2)
= K < pp(z,y") ANup (y*, 2) +vr(x,y") Vp (¥, 2) + €. (2.1)
Ta xét hai truong hgp sau:

(i) Xét vg (z,y*) Ve (y*, 2) = vr(x,y").
Ta ¢ pr (z,y") App (", 2) < pr (2, y") va do (2.1) suy ra

K <pp(x,y")+vg(z,y)+e<1+eVe>0
= K <1,V(x,2) € (X x Z).

(i) Xét vg (x,y*) Ve (v, 2) = vp (v, z), ching minh tuong tu (i) ta c6
K <1V(zx,z)e (X x 2).
Ta ¢6 K > 0 luon ding, vay 0 < K < 1,V (z,2) € X x Z. H
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Dinh 1i 2.8. Trong diéu kién cia dinh nghia 2.6 ta cé
(i) Néu P, < Py thy PL.C1R < P,C1R vdi moi R € IFR.
(ZZ) Néu Ri < Rs thi PC1Ry < PCiRy vdi moi P € IFR.
(iv) Néu Ri<Ry thi PCyRi<PC Ry vdi moi P € IFR.
(v) Cho R,P € IFR(X x X) néu P < R thh PC1P < RC\R.

Chiing minh.
(Z) P <P= Hpy (y,Z) < Hp, (y,Z) va Vp, (y,z) > Vp, (y,Z)

HPCiR (.CC, Z) - \y/{[:uR (ny) N [P, (y,Z)]} < \y/{[/“LR ($,y) Ay (y,Z)]}

< KUP,CiR ($7 Z) .

VpPCiR ('I?Z) - /y\{[VR (.%‘,y) Vvp (y,Z)]} > /y\{[VR (xuy) V vp, (y,z)]}
Z VPgCHR (ZC,Z)

= PlClR < chlR.
Cac ¥ (i7), (i14), (iv) ching minh tuong tu.

(v)

P < R theo ¥y (i) ta dugc:
PC P < RC, P (2:2)
P < R theo y (i7) ta dugc:
RC\P < RC\R (2.3)
T (2.2),(2.3) suy ra PC1P < RCyR. O

2.2.2. Mot s6 dang hop thanh suy rong khac.

Dinh nghia 2.9. Cho R€ IFR(X xY)va P € IFR(Y X Z). Quan hé
hop thanh max-prod PCsR duogc xac dinh bdi

PCyR = {((2,2), ppeyr (2, 2) s vposr (7, 2)) (2, 2) € X X 2}

Trong do

1peyr (2, 2) = \y/{[MR (z,y) -up (y, 2)]}
VpPCyR ($,Z) = 2\{[VR (I’,y) +Up (y,Z) — VR (l’,y) vp (y,Z)]}
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Meénh dé 2.10.
Néu R€IFR(X xY), PEIFR(Y x Z) thi PCyR € IFR(X x Z).

Chiing minh. Ta can chiing minh ppe,g (%, 2) + vpe,r (2, 2) < 1.
Ta ¢6 ppeyr (v, 2) = VA{[r (2,y) pp (y, 2)]} suy ra ton tai y* sao cho
y
ppe,r (T,2) < pg (z,y") .up (y°, 2) + €, Ve > 0.
Ta lai ¢6 vpe,g (z,2) = /y\{[VR (x,y) +vp(y,2) —vr(z,y) .vp (y,2)]}
= vpeyr (2,2) S vr (2, ") +vp (Y 2) —vr (2,y7) vp (" 2)

= 1tpCyR (T, 2) + vpeyr (%, 2) < pr (2, y7) up (Y7, 2) + vr (2,97)
+vp (v, 2) —vg(z,y") .vp (', 2) + €

bat pr (z,y") = a, ve (z,y") = b; pp (Y, 2) =c, vp(y', 2) = d.
Theo dinh nghia ta dugc

0<a+b<l=a<1-b,
0<c+d<1l=c<1-—d.

=ac<(1-b(1-d=1-b—d+0bd

=ac+b+d—bd <1 '

= poyr (T, 2) + vpoyr (2, 2) < 1+¢€, Ve > 0.

Vay ppcyr (x,Z) + Vpc,R (:U,Z) < 1. ]

Tuong tu v6i B la t-chuan ta c6 thé xay dung dude cac quan hé md truc
cam sau:

Dinh nghia 2.11. Cho R€e IFR(X xY)va P € IFR(Y x Z), 8 la mot
t-chuan. Quan hé hop thanh PCsR duge zdc dinh bdi

PCsR = {{(z,2), wpcyr (%, 2) ,vpesr (2, 2)) |(2,2) € X X Z}.

Trong do
Blur (x.y), pp (Y, 2)]}

e (2,y) Ve (y,2)]} -
vdi V = sup,; A = inf.

Dinh nghia 2.12. Cho R€ IFR(X xY)va P € IFR(Y x Z), B la mot
t-chuan. Quan hé hop thanh PCyR duge xdc dinh bdi

PCyR = {{(z,2), ppcyr (x,2) ,vpe,r (2, 2)) |(z,2) € X X Z}.
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Trong do
{{ur (z,9) V pup (y,2)]}

{Blvr (z,y),vp (y,2)]} -

prc,r (T, 2) = A
veo,r (T, 2) = \y/
vdi V = sup; A = inf.

Céac quan he PCsR € IFR (X x Z), PC4R € IFR (X x Z) dugc khing
dinh dya trén tinh chat quan trong sau ctlia t—chuan:
néu [ 1a mot t—chuan, thi 8 (z,y) < min (z,y), Va,y € [0,1].

Vi du 2.13. Quan hé hgp thanh max - min va max - prod.

Cho X = {z1, z2, z3}; Y = {y1, ¥2, y3, ya}; Z = {z1, 20, 23}

E va P lan luot 1a cdc quan hé mo truc cdm trén X x Y va Y x Z véi ma
tran gia tri cia £ va P tuong ting trong Bang 2.1 va Bang 2.2.

Béng 2.1 Gia tri ctia F.

E n Y2 Ys Ya
T (0.7, 0.1) (0.9, 0.1) (0.2, 0.4) (0.3, 0.5)

25 | (0.3,0.6) | (0.1, 0.5) | (0.7, 0.2) | (0.4, 0.6)
3 | (0.8,0.1) | (0.7, 0.3) | (0.4, 0.5) | (0.9, 0.1)

Bang 2.2 Gia tri cua P.

P 1 Z9 z3

y1 | (0.1,0.6) | (0.5,0.2) | (0.7, 0.1)
ys | (0.6,0.2) [ (0.7,0.3) | (0.3, 0.4)
ys | (0.4,0.5) | (0.2,0.8) | (0.3, 0.5)
ya | (0.8,0.2) ] (0.9,0.1) | (0.3,0.7)

Khi d6 két qué ctia phép hop thanh EC,P va ECyP thu dugdc trong
Bang 2.3 va Bang 2.4

21



Chuong 2. QUAN HE MO TRUC CAM VA UNG DUNG

Bang 2.3 Gia tri cia quan hé hgp thanh EC, P.

EC\P 21 29 23
1 (0.6, 0.2) | (0.7, 0.2) | (0.7, 0.1)
Ty (0.4, 0.5) | (0.4, 0.5) | (0.3, 0.5)
T3 (0.8,0.2) | (0.9,0.1) | (0.7, 0.1)

Bang 2.4 Gia tri ctia hgp thanh ECy,P .

ECQP 21 Z9 Z3

21 | (0.54, 0.28) | (0.72, 0.37) | (0.49, 0.19)
22 | (0.32,0.6) | (0.36, 0.64) | (0.21, 0.6)
zs | (0.72,0.28) | (0.81, 0.19) | (0.56, 0.19)

2.3. Hop thanh ctia quan hé md truc cam trén mot

tap
Dinh nghia 2.14. [4, 5] Ta goi R € IFR(X x X) la:
1. Phin za néuNx € X, pg (z,x) = 1. T dé ta cé ngay vdi meix € X,
vp (z,x) = 0.
2. Phdn phdn za néu vdi moi x € X thi up (v,2) = 0,vg (v,2) = 1.
8. Dot ziing néu R = R™Y, tic la vdi moi (z,y) € X x X

HR (LU, y) = KR <y7 51)') y VR (SIZ’, y) = VR (ya 'CL.)
Trong truong hop nguoc lai ta goi R la bat doi xing.

4. Phédn doi xing truc cdm néu vdi moi (xv,y) € X x X,z # y thi

pr (©,y) # pr (Y, @),
VR (x>y) 7é VR (yax) )
TR (3773/) = TR (yax) :

5. Phdn déi xing tryc cdm hoan toan néu V(z,y) € X x X,z # y
va g (2,y) > 0 hodc (pr (z,y) = 0vavg (v,y) <1) thi pg(y,z) = 0 va

VR (y7 x) = L.
6. Bdc cau néu R > RC3R.
7. C- bdc cau néu R < RCyR.

Dinh i 2.15. Cho R, P € IFR(X x X) th (RC5P). = RoCyPe.
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Chiing minh. Theo dinh nghia v6i moi (z,2) € X x X thi
pre (z,2) =vr(x,2) vavg, (z,2) = ur (x, 2),
HPC3R (2, 2) = \y/ {Blur (z,y) . pup (y, 2)]}
VpCsR (ZU, Z) = /y\ {[VR (.CL', y) Vup (y7 Z)]} :

= M(RC3P)C(-T,Z) = VPCsR (xvz) - /y\{[VR (x7y) Vp (y,Z)]}

= urocpe(T,2), V(z,2) € X x X.

V(RC3P)C(x7 Z) = UPC3R (.I, Z) - \y/ {6 [:uP (.’E, y) s MR (y7 Z)]}
= Vp,c,p. (%, 2), V(x,2) € X x X.
Vay (RCgP)C = R004P0. []

Dinh 1i 2.16. Cho R € IFR (X x X)

i) R la phdn xa khi va chi khi Ro la phan phdn za.

(ii) R la doi xiing khi va chi khi Re la doi xing.

(iii) R la phdn doi ziing tric cdm khi va chi khi Re la phdn doi ming
truc cam.

(iv) R la bdc cau khi va chi khi Re la C- bac cau.
Ching manh.

R = {<(xvy)7:uR(xvy)7VR(xay)> | (I,y) € X X X}
Ro ={((z,y) ,vr (x,y), pur (x,9)) | (x,y) € X x X}.
(1) Ta c6 pug. (x,y) = vr (,9); vr, (z,y) = pg (z,y) nén véi moi x € X

pr(z,2) =1 vp, (z,2) =0,
vp(z,2) =0< up, (z,x) = 1.
Vay R la phan xa khi va chi khi Ro 1a phan phan xa.
(1) Theo dinh nghia R = R~! khi va chi khi véi moi (z,y) € X x X
pr(x,y) = pr (y,2) ;vr (2,y) = v (¥, 7).
Vi pr. (2,y) = vr (2,Y); VR (,y) = pr (z,y) nén V(z,y) € X x X
/uRc (’ray) = :uRc (yax) ; VRC (xny> - VRC (waC)
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Vay R doi xting khi va chi khi R d6i xiing.
(1)
Néu R la phan déi xting thi véi moi (z,y) € X x X va x # y thi
MR (x7 y) 7& HUR (yv .TE) )
VR (I‘,y) 7& VR (yvx)u
r(z,y) = 7R (y, ).

Theo dinh nghia ta c6

{ Tr(z,y) =1 — (ur (v, y) + vr (2,Y)),
WR(:%CE) =1- (MR(y?x)—i_VR(yvx))'

= pr (2,y) + vr (2,y) = pr (y,2) + Vg (
Ta lai ¢6 pg. (Zli,y) = VR (x,y) » VRe (xﬂy

MR (CC,y) 7é HRe (y,f,lf) )
VRe (xay) #VRC (y7$)7
HRe (:zr,y) + VRe (:C7y) = URc (y,:c) + VRe (y7$) .

HRc ([C, Y 7£ HRc (yv [U) )
= VRo (x7y)7£Z/RC (yax)a
TRe (xv y) = TRc (97 x) :
Vay R¢ 1a phan déi xtng.
Néu R 1a phan déi xing thi chiing minh tuong tu ta duge R 13 phan
doi xiing.
(iv)
Néu R la bac cau thi R > RC3R khi va chi khi V (z,y) € X x X

{ UR (xay) Z HRCsR (xvy) )

Y, T).
) = KR (xvy) neén

VR (I‘,y) < VRCsR (l',y),
MR (ZU,y) > \Z/{ﬁ [IUR (3372) s MR (Zay)]}v

T v y) < AMlm(a2) Ve (2 9)])-

Ma HRe ('xay) :VR(xay)a VRe (xay) :NR(xay)av(xay) € X XX,
VRo (I‘,y) > \Z/{B [VRC (l’,Z) s VRe (Zay>]}7
HRc ($,y) < 2\{[/“?0 (xv Z) V lRe (Zvy)]} .
= Ro < RcCyRc.
Vay Rc 1a C— bac cau.
Néu R 1a C—béc cau thi ching minh tuong tu ta dude R 1a bac cau. [

=
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Dinh li 2.17. Cho Ry la quan hé phdan xa mo truc cam trén X x X. Thi:
(i) (Ry)™" la phdn za.
(11) R1 V Ry la phdn za vdi moi Ry € IFR (X x X).
(iii) Ry A Ry la phdn za néu va chi néu Ry € IFR (X x X) la phdn za.
Chiing minh.
(7) Ry 1a phan xa thi véi moi = € X ta ¢6

pr, (2,2) =1 = gy (2,2) = pg, (z,2) = 1.
Vay (R;)”" 1a phén xa.
(i)
Theo dinh nghia R; V Rs ta ¢6 v6i moi (x,y) € X x X

KRR, (T,4) = pr, (2,Y) V g, (2,Y)
I/R1\/R2 (SC? y) - Z/Rl (x7 y) /\ VR2 ('r7 y) .
Ma R; la phén xa nén v6i moi x € X thi up, (z,z) = 1.

= MR, VR, (JZ,LL‘) = KR, (:C7SU> V KRy (:C7:C) =1V KR, (SC,ZE) =L
Vay R; V R, la phan xa.

(i)
Theo dinh nghia ciia Ry A Ry ta ¢6 v6i moi (z,y) € X x X

LRy (2,Y) = pr, (T,9) A g, (2,Y)
VRI{ARs (I,y) = VR, ($7y) Vv VR, (ZU, y) .

Ma R; la phan xa nén véi moi x € X thi
IR AR, (T,0) = pp, (7,2) A pr, (T,2) = LA pp, (v, 7) = pg, (v, 7).
Vay Ri N\ Ry phan xa < Ry la phan xa. []
Dinh 1i 2.18. Moi tap mo truc cdim R cé tinh phdn za va bdc cau déu théa
man
(/)R = RC1R.
(ii)R = RF vdi moi k = 1,2,... trong dé R¥ = RC1RC,...C1R gom k
lan tap R.

Chiing minh.
(i) VI R bac cau nén
RCYR < R. (2.4)

Ta can chitng minh R < RC R.
Vi R la phén xa nén v6i moi x € X thi pg(z,z) = 1; vg(x,z) = 0 suy ra

prer (T,2) = v {pr (z,y) AN pr (y,2)}
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N y;/x {br (2, 2) A pg (2, 2), e (2,9) A pr (Y, 2)}

:l;;{l/\ﬂR(xyﬂ,MR(fﬂH/\NR(ywﬂ}

ZQQMRmﬁ%mN%wAuR@wHZMR@J%

VRC\R ($7Z) = /y\{VR (‘T?y) V VR (y,Z)}

= y;é\x {vr(z,2) Vg (z,2),vr(2,y) VR (Y, 2)}

= y;\x {0V g (z,2),vp(z,y) VR (Y, 2)}

:y;é\x{VR(x7z) 7VR(x7y) \/VR(%Z)} < VR (x,z)
Vay
R < RCiR (2.5)

T (2.4), (2.5) suy ra R = RC1R (dpcm).

(i3) Véi k = 3

Vi R 1a bac cau nén RC1R < R

Theo Dinh 1y 2.8 ta ¢c6 RC1RC1R < RC1R = R (theo (7)).

T (i) ta c6 R < RC1R.

Theo Dinh 1y 2.8 ta ¢c6 RC1R < RC1RC1R = R < RC1RC1R.

Vay R = RCchlR = R?’.

Chitng minh tuong tu véi cac gia tri k£ khac. ]

2.4. U’ng dung

Ngay nay, tap mo truc cdm dude ing dung trong nhiéu linh vyc nhu
cac bai toan hd trg quyét dinh (Decision Making Problems), hd tr¢ chan
doan y khoa (Supporting Medical Diagnosis), du bao (chi s6 chitng khoén,
...), phan cum dw lieu mao (Clustering fuzzy data),...

Phan nay trinh bay mot ting dung ciia tap mo truc cadm duya trén phuong
phép tiép can ctia Sanchez [12, 13] cho chuan doan y khoa do nhém tac
gid S.K.De, R. Biswas, A.R. Roy trinh bay trong [14].

Gia st rang:

S: la tap cac triéu chiing.

D : 1a tap cac chan doan bénh.

P : 1a tap cac bénh nhan.

Tuong ti nhu khai niém ciia Sanchez vé “Tri thitic Y Khoa”, nguoi ta
dinh nghia “Tri thitc Y Khoa tryc cam” nhu 1a mét quan hé mao trye cam
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R xéc dinh tréen tich truc tiép tap triéu ching S véi tap chan doan bénh
D (hay trén S x D). Tt d6 ta sé thay duge sy lien quan, do thuoc va do
khong thudc giita céc trieu ching va cac chan doan bénh.
Phuong phap chan doan theo ba budc sau:
1. Xac dinh cac triéu ching dugce cac bac sy hoac cac may moc y khoa
dua ra.
2. Biéu dién co s6 tri thic v khoa bing quan hé mo truc cam dudce céc
chuyén gia y khoa hoc cac thiét bi y khoa dua ra.
3. Xac dinh cac chan doan dua trén phép hop thanh clia cac quan hé
mao truc cam.
Bai toan dua ra:
C6 n bénh nhan p;,i = 1,2,..,n;p;, € P. R € IFR(S x D), quan
hé mo tryc cdm @ tu tap bénh nhan P dén tap céac trieu ching S
(Q € IFR(P x 9)).
R6 rang két qua phép hop thanh ctia hai quan hé R va Q 14 mot quan
hé mo tric cdm T'= Ro @ : P — D cho biét sy lién quan gitta ngudi bénh
v6i cac chan doan bénh, duge xac dinh béi ham thuoce:

MT(pia dk) - \/[NQ(pla S) A\ MR(Sa dk)]a
va ham khong thudc:
vr(pi, di) = Nvo(pi, s) V ve(s,di)], Vpi € P, d € D.

Khi cho R va Q thi quan hé T = R o @ tinh dugc. Tit nhitng hiéu biét
cia @ va T, mot phién ban cai thién ctia quan hé truc cam T cho ra két
qud ding tét nhat la:

(1) ST = ur —Vvr- T l1a 16n Ilhét,

(ii)) Quan he T'= R o ) dugc bao toan .
V6i 7r(u) 1a do ludng lu cia gia tri uw doi véi tap U, mp = 1 — (ur + vr).

Phién ban cai thién nay cua 7' lam quan hé mo truc cam c6 ¥ nghia
hon, quan hé cla céc trieu ching doéi véi cac chan doan bénh sé c6 do
thuoc cao hon va do khong thudc thap hon, ciing nhu do ludng ly thap
hon d6 chinh 14 mot bude tiép can dén “Kién thic y khoa truc cam”.

Néu chan doan ctia cac beénh khac nhau lai c6 gia tri bang nhau trong
T, ta sé xem xét truong hop ndo c6 do ludng Iy nhé nhat.

T phién ban tho clia R, ngudi ta c6 thé suy luan cac triéu ching chan
doan bénh trong cidp gia tri - do thudc va dé6 khong thudc. Trong truong
hop, bac si khong théa méan véi két qua, R sé dude siia doi.
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Vi du minh hoa

Cho tap P gom 4 bénh nhan: Paul, Jadu, Kundu va Rohit va tap S gom

cac trieu ching: sot, dau dau, dau da day, ho, dau nguc. Khi d6
P = {Paul, Jadu, Kundu, Rohit},
S = {s6t, dau dau, dau da day, ho, dau nguc}.
Goi tap cac chan doan bénh la

D ={s6t virus, s6t rét, thuong han, van dé da day, van dé tim (VD

tim)}.

Cac s6 lieu dau vao dude cho trong cdc Bang 2.5, Bang 2.6.

Khi d6 két qua ctia phép hgp thanh 7= R o @ va Sr thu dudc trong

Bang 2.5 @) 1a mot quan hé mo tryc cam gitta tap P va S.

Q Nhiéet do | Dau dau | Dau da day Ho Dau nguc
Paul | (0.8, 0.1) | (0.6,0.1) | (0.2,0.8) | (0.6, 0.1) | (0.1, 0.6)
Jadu | (0,08) | (0.4,04) | (0.6,0.1) |(0.1,07) | (0.1,08)

Kundu | (0.8, 0.1) | (0.8,0.1) | (0,0.6) | (0.2,0.7) | (0, 0.5)
Rohit | (0.6, 0.1) | (0.5, 0.4) | (0.3, 0.4) | (0.7,0.2) | (0.3, 0.4)

Bang 2.6 R la mot quan hé mao tric cam gita tap S va D.

R Sot Virut | So6t rét | Thuong han | Da day | VD tim
Nhict do | (0.4,0) | (0.7,0) | (0.3,0.3) | (0.1, 0.7) | (0.1, 0.8)
Dau dau_ | (0.3, 05) | (0.2,0.6) | (0.6,0.1) | (0.3,04) | (0,03)

Dau da day | (0.1, 0.7) | (0,0.9) | (0.2,0.7) | (0.8,0) | (0.2,08)

Ho 04,03) | (0.7,0) | (0.2,06) |(0.2,0.7) | (0.2, 038)

Dau nguc | (0.1, 0.7) | (0.1, 0.8) (0.1,0.9) | (0.2,0.7) | (0.8,0.1)

Bang 2.7 va Bang 2.8

Bang 2.7 T la mot quan hé md truc cam gitta tap P va D.

T S6t Virut | Sot rét | Thuong han | Da day | VD tim
Paul | (0.4, 0.1) | (0.7, 0.1) | (0.6,0.1) | (0.2, 0.4) | (0.2, 0.6)
Jadu | (0.3, 05) | (0.2, 0.6) | (04,04) | (0.6,0.1) | (0.1, 0.7)

Kundu | (0.4, 0.1) | (0.7, 0.1) | (0.6, 0.1) | (0.2, 0.4) | ( 0.2, 0.5)
Rohit | (0.4, 0.1) | (0.7, 0.1) | (0.5,0.3) | (0.3, 0.4) | (0.3, 0.4)
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Béng 2.8 Sy
St S6t virut | Sot rét | Thuong han | Da day | VD tim
Paul 0.35 0.68 0.57 0.04 0.08
Jadu 0.20 -0.08 0.32 0.57 -0.04
Kundu 0.35 0.68 0.57 0.04 -0.05
Rohit 0.32 0.68 0.44 0.18 0.18

Dua vao két qua ctia Bang 2.8 béc si ¢6 thé chuan doan Paul, Kundu,
va Rohit bi bénh Sét rét con Jadu bi dau da day.
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Chuong 3
Tap mao buc tranh va tng dung

Gan day, Bui Cong Cuong va Vladik Kreinovich dinh nghia tap mo biic
tranh nhu mot mé rong clia tap mo va tap md tryc cadm [6, 7, 8]. Quan hé
mo btic tranh cling dude dinh nghia va 1a mot trong nhitng khai niem dau
tien khi xay dung 1y thuyét tap mo bic tranh. Trong phan nay, mot so tinh
chat ctia phép hop thanh quan hé md biic tranh duge kiém tra. Sau do,
chiing t6i dé xudt mot cach tiép can méi trong chan doan y khoa sit dung
phép hop thanh quan hé mo btic tranh. Day cling 1a ndi dung bai bao cua
ching to6i da duge dang trong ky yéu ctia Hoi nghi Khoa hoc Quoc gia lan
thi VII vé Nghién ciu co ban va ting dung Cong Nghé thong tin (FAIR)
thang 6 nam 2014.

3.1. Tap md buc tranh

3.1.1. Dinh nghia va mot s6 phép toan ctia tap md biic tranh

Dinh nghia 3.1. [6, 7] Mot tap mo bic tranh A trén khong gian nén X
la mot tap duoc xdc dinh bot

A= A{(z,pa(x),na(x),va(®)) X € X}

trong dé s (x) € [0,1], na(z) € [0,1], va (z) € [0,1] lan ligt dugc goi la
do thuoc, do trung lap, do khong thuoc ciua x vao A va cdac ham pa, na va
v théa man diéu kién

0<pa(x)+na(x)+va(z) <1, VzelX.

Khi do6, v6i moi v € X, ma(x) =1 — [pa (z) + 14 () + v4 (x)] duge goi
13 do tir chdi xac nhan clia x trong A.

Ki hieu PFS(X) la tap tat ca cac tap mo bic tranh trong khong gian
nen X.

Vé co ban, tap ma bitc tranh dude thé hien day di trong cac tinh huéng
khi con nguoi tham gia cidc cudc bau ctt lay ¥ kién tra 10i: c6, ludng lu,
khong,khong tra 1oi.
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Dinh nghia 3.2. [6, 7] Cho A, B la hai phan tii cia PFSs.
a) Phép hop AU B dugc xdc dinh bdi cic ham tuong ing sau:

paup(r) = max {pa (v) , pp ()},
navp(x) = min{na (x),np ()},
vaup(x) = min{va (z),vp (z)}.

b) Phép giao AN B dugc xdc dinh bdi cic ham tuong ing sau:

T
T

/LAﬁB(x) = min {MA (l’) y B (l’)} )
nans(z) = min{na (z),np (x)},
vanp(r) = max{va (x),vp (z)}.

c) Phan bu:
CoA = A” = {(z,va(2) 04 (2) , pa (2)) |& € X}

3.1.2. Quan hé md bic tranh

Dinh nghia 3.3. [7, 8] Mot quan hé ma bic tranh R la mot tap mo bic

tranh cua X XY duoc xac dinh boi

R={((z,y), ur (z,y) ,nr (2,y) ,vr (2,y)) |(z,y) € X x Y}.

Trong do pp : X XY —[0,1], ng : X xY = [0,1], vp : X XY — [0,1]

théa man dieu kién
0<pa(z,y)+na(z,y)+valz,y) <1,V(z,y € X xY.

Ta ki hieu: PFR(X x Y) la tap tat cd cdc quan hé md btic tranh trén

X xY.
Dinh nghia 3.4. [7, 8] Cho X, Y, Z la cdc tap khdc rong.

E e PFR(XxY)wva Pe PFR(Y xZ). Quan hé hgp thanh max — min

PCE duoc xac dinh boi

PCE = {((x, 2), ppc,r (x, 2) ,npc,e (T, 2) ,vpe,p (2, 2)) |t € X, 2 € Z}.

Trong do

{ne(r,y) A pe(y, )]},

ﬂP(ClE(xVZ) - \y/

npeus(r, 2) = Mnp(z,y) Anp(y 21k W(z,2) € X x Z.
A
Y

{lve(z,y) Vve(y, 2)},
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Ménh dé 3.5. [11]
NéuE € PFR(XxY)va P € PFR(Y x Z) thi PC1E € PFR(X x Z).

Ching minh. V6i moi (x,z) € X X Z, ta phai chiing minh:
ppc,r (z,2) + npe,e (2, 2) + vpeyp (1,2) < 1.

Theo dinh nghia ta c6
Véi bat ki e > 0, ton tai mot y* € Y sao cho:

ppc,k (T, 2) < pp (2, y") Aup (Y, 2) + € (3.1)
nec,e (©,2) < ng (2,y7) Anp (Y, 2) (3:2)
vee,E (2, 2) S v (z,y7) Ve (¥, 2) (3.3)

Tir (3.1), (3.2) va (3.3) ta co:

ppc,e (%, 2) +npe,e (x, 2) + vpeye (2, 2) < pg (2,y°) A pp (Y*, 2)
+ng (x,y") Anp (y*, 2) + ve (z,y") Ve (¥, 2) + €.
Ta c¢6 hai truong hgp sau:

Truong hop 1: vg (z,y") Vvp (y', 2) = vg (z,y") thi

pe (z,y") App (Y, 2) +ne (2, y") Anp (v, 2) +ve (x,y") Ve (Y, 2) + ¢
= pg (x,y") A pp (y*, 2) +ne (2, y") Anp (y*,2) + ve (z,y%) + &
<pp (@ y")+ne(ry) +ve(z.y)+e<1l+e

Truong hop 2: vp (x,y") Ve (v, 2) = vp (v, 2) thi

pe (2, y") A pp (' 2) +ne (2,9°) Anp (v, 2) +ve (@, y") Ve (Y, 2) + ¢
=pe(x,y") ANup (Y, 2) +ne (z,y") Anp (y*, 2) +vp (¥, 2) + ¢
<ppW,z)+np Y 2)+vp (Y 2) +e<1+e.

Vay
ppc, e (7, 2) +npc,e (T, 2) + vpe,p (7,2) <146, Ve >0

Hay v6i moi (x,2) € X x Z ta c6

ppc,r (x,2) +npe,p (x,2) + vpeyp (2, 2) < 1.
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Dinh nghia 3.6. [7, 8] Cho E € PFR(X xY) va P € PFR(Y x Z).
Quan hé hop thanh max —prod PCoE duogc xdc dinh bdi

PCyE = {((x, 2), bpcye (T, 2) s npc,E (%, 2) , vpey,e (T, 2)) [(x,2) € X x Z}.
Trong do
Vipe(,y) - pp(y, 2)}
npc,e(T, 2) = Q\{UE(% y) -ne(y, 2)},
NMvp(z,y) +vpy.2) —ve(e,y) - vey 2)}
Ménh dé 3.7. [11]
NéuE € PFR(X xY) va P € PFR(Y x Z) thi PCoE € PFR(X x Z).
Chiing minh. V6i moi (z,z) € X x Z, ta phai ching minh:
ppc,r (x,2) +npc,e (2, 2) + vpe,p (2, 2) < 1.

Theo dinh nghia ta c6
Véi bat ki € > 0, ton tai mot y* € Y sao cho:

prc,e (T, 2) < pe(z,y") - pp (y', 2) +¢ (3.4)
T|PC,E (ZL’, Z) < nEe (.’L’, y*) NP (y*v Z) (35)
vpe,e (1,2) Svp(x,y") +vp (Y, 2) —ve (2,y) - vp (¥", 2) (3.6)

T (3.4), (3.5) va (3.6) ta ¢

UPCyE (33, Z) + Npc,E (l‘, Z) + Vpc,E (33‘, 2) < lp (967 y*) - pp (Y, Z)
+nE (x,y") -ne (Y, 2) +ve (v, y") +ve (Y, 2) —ve (Y, 2) -ve (2, y")] e
Béi dinh nghia ctia PFR,

pe (2, y") +ne (z,y*) <1 —-vg (2,y%),
pp (Y, 2) +np (v, 2) <1 —wvp(y' 2).

= [pe (@,y") +ne (z,y7)] - [up (v, 2) +np (V7 2)]
< [1 —VE (xay*)] [1 —Vp (y*,Z)] .

= UE (x7y*) " Up (y*a Z) + nE (.’,U, y*) “nNp (y*7 Z)
+ [VE (3779*) +vp (y*y Z) — Vg (xay*) *Vp (y*a Z)]
Vay v6i moi € > 0 thi
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ppc,r (T, 2) + npe,e (2, 2) + vpe,p (,2) < 1+ €.
Hay
ppc,e (z,2) + npe,e (¢, 2) + vpey,p (2, 2) < 1.
]
Dinh nghia sau 1a mot quan hé téng quat hon sit dung hai t— chuan.

Dinh nghia 3.8. [11] Cho F € PFR(X xY), P € PFR(Y x Z) va (1, 2
la hai t—chudan. Quan hé hop thanh PCsE duge zdc dinh bdi

PC3E = {((x, 2), ppcse (, 2) ynpese (2, 2) , vpe,p (2, 2)) |t € X, 2 € Z} .

Trong do
{Bilpe(z,y), np(y, 2)]},

V
wpes(e,2) = ABalne(e,), uel, )]}
A

y{VE(x7y) \% VP(y7Z)}'

Su xac nhan ciia PCsE 1a stt dung tinh chat quan trong sau ctia t—chuan.
Néu 3 1a mot t—chuan, thi 3 (z,y) < min (x,y), Vz,y € [0, 1].

Ménh dé 3.9. [11]
NéuE € PFR(XxY)va P € PFR(Y x Z) thi PC3E € PFR(X x Z).

Ching minh. V6i moi (x,z) € X x Z, ta phai chiing minh:
HPC3E (Qf, Z) + NPCsE (377 Z) + Vpc,E (517, Z) <1

Theo dinh nghia ta c6
Véi bat ki e > 0, ton tai mot y* € Y sao cho:

ppcsk (2, 2) < Bilpe (z,y%) ,pp (v, 2)] + € (3.7)
nec,e (T, 2) < Bone (2,y%) ,np (Y7, 2)] (3.8)
vpe,e (z,2) <vg(z,y") Ve (Y5, 2) (3.9)

Ti (3.7), (3.8) va (3.9) ta ¢6

prcse (T, 2) + npese (¢, 2) + vpese (2, 2) < Pilpe (x,y7) , wp (Y*, 2))
+ Bolne (z,y7) e (Y, 2)] + ve (v,y") Ve (y', 2) + &

Ta c6 hai truong hop sau:
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Trlréng hdp L: VE (xay*) Vp (y*,Z) = VE (I',y*) thi

Bilpe (@.y%) , mp (v, 2)] + Belne (. y7) ,np (47, 2)]
+ve(x,y)Vup(y,2) +e
= Bilpe (2, y") s e (y°, 2)] + Balne (2, y") e (v, 2) + ve (v, y7) + €
<pp(x,y")+ne(z,y")+vep(r,y")+e<1+e.

TI'lIGIlg hdp 2 VE (xay*) Vvp (y*,Z) = lp (y*,Z) thi

Bilpe (2, y%)  up (Y, 2)] + Belne (z,y7) ,np (Y7, 2)]
+vp(z,y)Vp(y', z) +¢
= Bilpe (2,y%) , up (y°, 2)] + Belne (x,y%) np (V7 2)] +vp (Y7, 2) + €
<pp(y',2)+np (Y, 2) +vp(y,2) +e<1+e
Vay
wpc,e (T, 2) + npcyk (2, 2) + vpeyp (2, 2(1 + €, Ve > 0.
Hay
ppc,e (7, 2) + npeys (2, 2) + vpeyr (7, 2) < 1.
0
Vi du 3.10. Cho: X = {x1,72,23},Y = {y1,v2, 3,04}, X = {21, 20, 23},
E e PFR(X xY)va P e PFR(X xY) ¢6 gia tri dugc cho bdi nhiing

Bang 3.1, Bang 3.2.
Cho T, : [0, 11> — [0, 1] 1a mot t—chudn duge dinh nghia béi

0 € <1
T (o.y) = TS Yy € 11
r+y—1 néu x+y>1,

Thi hop thanh PC3E trong do: 81 = T\, 82 = A dudc cho bdi Bang 3.3.

Bang 3.1 E la mot quan hé md bic tranh gitta X va Y.

E Y1 Yo Y3 Ya

x| (0.7,0.2,0.1) | (0.1,0.05,0.6) | (0.02,0.6,0.2) | (0.07, 0.3, 0.4)
x5 | (0.5, 0.4, 0.01) | (0.8, 0.03, 0.05) | (0.2, 0.25, 0.5) | (0.7, 0.15, 0.08)
z5 | (0.3, 0.5, 0.15) | (0.9, 0.05, 0.01) | (0.45, 0.5, 0.01) | (0.1, 0.1, 0.4)
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Béng 3.2 P la mot quan hé mo bic tranh gitta Yva Z.

P 21 29 23

y1 | (0.75, 0.1, 0.15) | (0.5, 0.25, 0.01) | (0.45, 0.4, 0.01)
y2 | (0.2,04,0.3) | (0.36, 0.6, 0.05) | (0.2, 0.2, 0.6)
ys | (0.06, 0.24, 0.4) | (0.55, 0.09, 0.3) | (0.7, 0.1, 0.1)
ys | (0.3,0.04,0.6) | (0.4,0.3,0.25) (0.4, 0.2, 0.1)

Bang 3.3 PC3E la mot quan hé mo bic tranh véi 8 = T\, B2 = A.

PC3E 21 2 23
1 (0.45, 0.04, 0.15) | (0.2, 0.05, 0.1) | (0.15, 0.05, 0.1)
T (0.25, 0.3, 0.15) | (0.15, 0.03, 0.01) | (0.1, 0.03, 0.01)
T3 (0.1, 0.04, 0.15) | (0.25, 0.05, 0.05) | (0.15, 0.05, 0.1)

3.2. Ij’ng dung

Trong phan nay ching to6i dua ra mot ing dung ciia quan hé ma biic
tranh duya trén cach tiép can ctia Sanchez [12, 13] dé chan doan y khoa.
Trong tng dung nay, S 1a tap cac trieu ching, D 1a tap cac chuan doan y
khoa, va P la tap cac bénh nhan.

Ta dinh nghia " Tri thic Y khoa btc tranh" nhu 1a mot quan hé mo
bitc tranh R giita tap triéu chiing S vé6i tap chan doan bénh D qua dé thay
ducce s két hop ctia cac do thuoce, do khong thuoc va do trung lap gitta
triéu ching va cac chuan doén bénh.

Bay gio ta sé mo t cac chuan dodn ms biic tranh. Nhu mot sy tuong
tu phuong phap truyén théng cii phuong phap chan doan md bic tranh
theo 3 buéc sau:

1. Xac dinh cac triéu ching.

2. Biéu dién co s6 tri thitc y khoa bing quan hé md biic tranh.

3. Xac dinh céac chan doan dua trén phép hop thanh clia cac quan hé
mad bic tranh.

Cho Q € PFR(P xS) va R € PFR(S x D), rd rang quan hé hgp
thanh T ctia R va Q (T = R o Q) biéu thi "Tinh trang" ctia bénh nhan déi
v6i chuan doan bénh. Chang han, tinh trang bénh nhan c6 thé duge xac
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dinh nhu quan hé hgp thanh max - min 7' tu P vao D:

pr (p,d) = V {uq (p.s) A pr (s, d)},
nr(p,d) = A Ang (p,s) Anr (s,d)}
vr (p,d) = sé\S {vg (p,s)Vvr(s,d)},Vpe P,de D.

Vi du 3.11. Ta hay xét bon benh nhan pq, ps, p3, vaps. Céc trieu ching:
nhiet do (ND9), dau da day (D.D.Day), dau dau (DDau), ho, va dau nguc
(DNguc). Do dé:

P = {p1,p2,p3,ps} 1a tap bénh nhan.

S ={ Nhiet do, Dau dau, Ho, Dau nguc, Dau da day} 1a tap triéu chiing.
Khi d6 quan hé mo bic tranh @ € PFR (P x S) duge cho béi Béng 3.4.
Cho tap cac chuan doan bénh 1a:

D = {S&t Viral, sot rét, thuong han, van dé da day, van deé tim (VD tim)}.
Khi d6 quan hé mo bic tranh R € PFS (S x D) duge cho bdi Bang 3.5.
Quan hé T'= R o ) thu dugc cho trong Bang 3.6.

M&i lien hé giita benh nhan p va bénh d dugc thé hién tuong tng qua
ba thong s6 ur (p,d), nr (p,d), vr (p,d). Véi méi (p,d) € P x D, ching ta
xac dinh St (p, d) tuong tng nhu sau:

ST (pa d) = HUT (p7 d) —vr (p7 d) mr (p7 d) .

trong do mr (p7 d) =1- [IU/T (pv d) + Nr (pa d) +vr (pv d)]
Ta théy néu wr (p7 d) + nr (p7 d) + vt (p7 d) = 1 thi ST (pv d) = MT (pv d)
Néu St (p,d) > 0.5 thi bénh nhan p dugc két luan 14 bi bénh d .

Do d6 dua vao Bang 3.7 bac si c6 thé két luan dude bénh nhan
p1, p3, vaps bi bénh sbét rét, p;, ps bi bénh thuong han va bénh nhan
Py c6 van dé ve da day.

Bang 3.4 @ 1a mdt quan hé mo bic tranh gitta P va S.

Q Nhiét do Dau dau Dau da day Ho Dau nguc

D1 (0.8, 0.03,0.1) | (0.7,0.05,0.2) | (0.1,0.2,0.6) | (0.7,0.15,0.1) | (0.2,0.3,0.5)
p2 | (0.01,0.2,0.7) | (0.5,0.05,0.3) | (0.65,0.1,0.1) | (0.05,0.2,0.7) | (0.07, 0.2, 0.6)
ps | (0.75, 0.15, 0.05) | (0.8, 0.1, 0.08) | (0.15, 0.35, 0.5) | (0.3, 0.05, 0.6) | (0.1, 0.4, 0.5)
ps | (0.6,0.25,0.1) | (0.4,0.15,0.4) | (0.2,04,0.3) | (0.6,0.2,0.15) | (0.35, 0.2, 0.2)
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Bang 3.5 R 1a mot quan hé mao bic tranh gitta tap S va D.

38

R S6t Viral Sot rét Thuong han Da day VD tim
NDo | (04,04,005) | (08,01,01) | (03,03 03) | (0.15,0.05, 0.6) | (0.05, 0.15, 0.7)
DDau | (0.4, 0.25,0.3) | (0.1,0.2,0.6) | (0.75, 0.05, 0.03) | (0.3, 0.05, 0.05) | (0.01, 0.1, 0.8)
DDay | (0.1, 0.25, 0.6) | (0.01, 0.03, 0.9) | (0.1,0.2,0.7) | (0.8, 0.1, 0.01) | (0.1, 0.15, 0.75)

Ho | (0.45,0.2,0.1) | (0.65, 0.5, 0.05) | (0.2, 0.15, 0.6) | (0.25, 0.25, 0.5) | (0.15, 0.2, 0.7)
DNgue | (0.05, 0.25, 0.6) | (0.03, 0.07, 0.8) | (0.01, 0.01, 0.85) (0.1, 0.1, 0.7) (0.9, 0.02, 0.05)

Bang 3.6 T 1a mot quan hé md btc tranh gitta tap P va D.

T S6t Viral S6t rét Thuong han Da day VD tim

p1 | (045,003, 0.1) | (0.8,0.03,01) | (0.7,001,02) | (03,003, 02) | (0.2,0.02 0.5)

ps | (04, 0.05,0.3) | (0.1, 0.03,0.6) | (0.5,0.0,0.3) | (0.65,0.05,0.1) | (0.1, 0.02, 0.5)

s | (04, 0.05, 0.05) | (0.75, 0.03, 0.1) | (0.75, 0.01, 0.08) | (0.3, 0.0, 0.08) | (0.15, 0.02, 0.5)

pa | (0.45,0.15, 0.1) | (0.6, 0.03,0.1) | (0.4, 0.0, 0.3) | (0.3, 0.05,0.3) | (0.35, 0.02, 0.2)

Bang 3.7 St.
St | S6t Viral | S6t rét | Thuong han | Da day | VD tim
P1 0.408 0.793 0.682 0.206 0.06
D2 0.325 -0.062 0.443 0.63 -0.09
3 0.375 0.738 0.7372 0.2544 -0.015
D4 0.42 0.573 0.313 0.195 0.264




Két luan

Luan van da trinh bay vé quan hé md tryc cam, dng dung clia quan
hé mo truc cadm trong chuan doan y khoa va md rong ching sang quan hé
mo btic tranh. Cac két qua chinh dugc trinh bay trong luan van bao gom:

(i) Trinh bay vé tap md va tap mo tryc cam bao gom: cac khai niém,
16gic ma, quan hé mo va cac phép toan cia chung.

(ii) Trinh bay cu thé vé quan hé md tryc cam. Trinh bay cic khéi niem,
cac phép toan dic biét la phép hgp thanh mao truc cam. Xay dung
mot s6 phép hop thanh cu thé. Trinh bay mot tng dung ciia quan hé
md truc cam trong chuan doan y khoa.

(iii) M6 rong quan hé mo tryuc cdm sang quan hé ma bic tranh. Xay dung
mot s6 phép hop thanh cu thé clia quan hé md biic tranh. Dé xuét
mot ing dung ctiia quan hé ma biic tranh duge mé rong.

Nhitng déng gop ctia chiing toi trong luan van dé 1a da hé thong, sap
xép va trinh bay lai cac kién thic, két qua clia quan hé mo tryc cam. Cac
chitng minh dinh 1§, ménh dé dudc trinh bay lai va giai thich ré rang. Dac
biét 1a cac Dinh 1y 1.25, Ménh dé 2.7, Meénh dé 2.10, Ménh dé 3.5, Ménh dé
3.7, Ménh dé 3.9 dugc ching t6i ty ching minh. Dong thoi chiing t6i con
xay dung cac vi du dé minh hoa cho cac khai niém va cac két qua trong
luan van. Dic biét ching t6i da mé rong quan hé mao tryc cam sang quan
hé mo bic tranh, dé xuat mot tng dung ctia né va da duge trinh bay va
dang trong ky yéu ctia Hoi nghi Khoa hoc Quoc gia lan thid VII vé Nghién
cttu co ban va ing dung Cong Nghé thong tin (FAIR) thing 6 nam 2014.

Mic du da rat ¢6 gang nhung chic chan trong luan van con nhiéu khiém
khuyét, sai sot, tac gid rat mong nhan duge v kién déng gop cua cac thay
co va cac ban dé luan van duge hoan thién hon. Tran trong cam on!
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