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LJi ndi dau

Ly thuyét tdp mo (fuzzy set) duge de xuat bdi gido su Lofti A. Zadeh! & dai
hoc California, My vao nhitng nam 1965 v6i muc dich cung cAp mot cong cu
toan hoc chinh xac dé mé ta cac thong tin khong chinh x4c, mang tinh nhap
nhang, mo ho (chz?ing han nhu “s6 gan 27, “nhiét do thap”, “téc dd nhanh”,
“4p suat cao”, ...). Mot trong nhitng mang rat quan trong ctia ly thuyét tap
md 1a logic md (fuzzy logic), dude stt dung cho 14p luan xap xi.

Véi v tudng nhu vAy, ngay sau dé 1 thuyét tdp mo duge phét trién
manh mé & My va Tdy Au. Tuy nhién chinh céc nha nghién cttu Nhat Ban
tit nhttng nam 1970 la nhting ngudi di tién phong trong viéc ting dung ly
thuyét t4p mo. Hau hét nhitng nganh k¥ thuat, khong nhiéu thi it déu co
stt dung dén 1y thuyét tip mo, dic biét 1a ky thudt dién. C6 thé ké dén nhu
diéu khién md, mach dién ti dung logic md, ngudi mdy, ... RAt nhiéu linh
vuc ki thuat khéc ciing dung 1y thuyét tdp mdo nhu dieu khién, co khi, may
tinh, cong nghiép, nong nghiép, hoéa hoc, hat nhan, tri thiic, ...

Bai gidng nay cau tric gom 3 chuong. Chuong 1 gidi thiéu ve khai niém
tap md. Chuong 2 trinh bay vé mot bo phan quan trong ciia tap md la quan
hé mdo. Cudi ciing 1a chuong 3, gidi thiéu vé logic md.

'Lofti A. Zadeh (1921): nha vat 1y va khoa hoc mdy tinh ngudi Iran gbc Azerbaijan. Ong nhan duge 24 bing
tién si danh du va hang loat gidi thuéng cao quy.



Chuong 1
Tap mo

Tap md 1a mot su mé rong ciia tip hop thong thudng trong 1y thuyét tap
hop (thong thudng hay con goi ¢o dién). O d6 quan hé thanh vién gitta mot
phan t& v6i mot tap hop dude mdé rong tit tap hop {0,1} 1én khodng déng
[0, 1].

1.1 Ham dac trung cuaa tap hagp

1.1.1 Dinh nghia

Trong 1y thuyét tap hop thong thudng, quan hé thanh vién ctia cdc phan ti
trong mot tdp hop A dude danh gid theo kiéu nhi phan mdt cach ro rang
13 méi phan tit = clia tap vii tru U 1a thude A (ky hiéu z € A) ho#ic khong
thuoc A (ky hiéu x ¢ A). Nhu vy dé xem mdt phan tit cé 1a thanh vién ciia
tap A hay khéng, ta gan cho phan tit d6 gid tri 1 néu phan tit dé chic chin
thuéc A va gig tri 0 néu né chac chan khong thudc A, tic 1a ching ta c¢é thé
xay dung mot ham thanh vién (con goi 1a ham déc trung) dé ddnh giad mot
phan t c6 thuoc tdp A hay khéng.

Mot cach hinh thitc ham dac trung dude dinh nghia nhu sau. Cho tap
vi tru U va tdp con A C U. Ham x4 : U — {0, 1} xac dinh béi:

1 nbuxeA
xa(r) = .
0 ngudgc lai

ducce goi la ham ddc trung ciua tap A.

Vi du 1.1. Xét tap vu tru httu han U = {1, 22,23, 14,25} va t4p con
A ={x1, 23,25} ctia U. Khi do ta c6

pa(wy) =1 paae) = 0, pa(ws) = 1, pa(ws) = 0, palzs) = 1.

T diéu nay cho thiy ching ta ciing cé thé biéu dién tdp A kém theo
cac phan tit ctia U cling véi cdc gid tri ham déc trung tuong @ng ciia no:

A= {(xh 1)7 (x2> 0)7 (x3> 1)7 ($4, 0)7 ($5, 1)}



1.1.2 Cac phép toan tap hop biéu dién qua ham dic trung

Bay gio chiing ta tim hiéu cidc ham dac trung clia cic phép toan co ban trén
tap hop nhu hop (U), giao (N), b (7), hiéu (—) va hiéu déi xitng (D).

1.1.2.1 Phép hogp

Cho A, B C U. Ham dac trung cia A U B xac dinh bdi:

1 néuz € AUB
XAUB(fU) = )
0 ngudc lai

_ {1 néuya(z) = 1 hoic yp(z) =1
0 neuxa(r)=xp(r) =0

= max(xa(z), xp(z))

= xa(#) + xB(x) — xa(@)xp(2).

1.1.2.2 Phép giao

Cho A, B C U. Ham dac trung cuia AN B la:

1 néuxe ANB
XAﬂB(x) = )
0 ngudc lai

{1 neuxa(x) = xp(r) =1

0 néuya(z) =0 hoic xp(z) =0
= min(xa(x), x5(z))

= xa(x)xs(x).



1.1.2.3 Phép lay bu
Cho A C U. Ham dac trung cia A =U \ A la:

1 néuxcA
xalz) = .
0 ngudc lai

1 néuya(z) =0
0 néu ya(r) =1

=1— xa(x).

1.1.2.4 Phép hiéu

Cho A,BCU.Tacé A\ B=ANB, do d6 ham dic trung ciia A\ B la:
Xa\p(x) = min(xa(z), 1 — x5(x)).

1.1.2.5 Phép hiéu dbi xitng

Cho A, BCU.Tacté AdB=(A\B)U(B\ A), do d6 ham dic trung cia
A® B la:

Xaep(2) = max(min(xa(z), 1 — xz(x)), min(xz(2),1 - xa(r))).

1.2 Khai niém tap mao

Khéi niém tap md 1a mot sy md rong cliia khai niém tap thong thudng & chod
né cho phép danh gia nhiéu mittic dd khac nhau (hay tit tit) vé quan hé thanh
vién gitta mét phan t@ va mét tdp hop, nham dap tng nhu cau biéu dién
nhiing tri thitc khong chinh xdc, mang tinh nhap nhang, md. Quan hé nay
dugc md ta bang mét ham lién thuoe p: U — [0, 1].

Trong khuon khé 15 thuyét tap md, d6i ldc dé nhan manh tip hop thong
thudng véi tdp md chiing ta sé goi tap hop thong thuong bang tdp ro (crisp).

1.2.1 Dinh nghia

Cho tap vu tru U. Mot tdp con mo (Fuzzy subset) A trong U la mot ham
pa U —[0,1]. Him pg duge goi 1a ham thude ctia tap con ma A, con pa(x)



ducce goi la midc do thudc ctia x vao tap con ma A.

Nhu vay ham thudc p4 luong héa miic do cdc phan ti z thudc vé tap
U. Néu ham g4 cho gid tri 0 déi véi phan t = thi ¢6 nghia x khong cé trong
tap A da cho, cho gia tri 1 thi c6 nghia x hoan toan thudc tap A. Cac gia
tri trong khodng md (0, 1) dic trung cho cdc phan tit mo, ttc 1a mitc do 1a
thanh vién ctia phan t@ z d6i véi tap hop A.

RO rang moi tap ro cua U dude xem nhu mot tdp con mo ciua U véi
ham thudc chinh 1a ham dic trung. Pé cho gon ciing nhu phan biét véi tap
ro6 ngudi ta thudng goi tAp con md bang tap md.

Nhiéu tai liéu ky hiéu tdp md A bang 7{ hay é cho dic trung. Tap tat

cé cac tdp md cua U ky hiéu la F(U). Ro rang P(U) C F(U), 6 day P(U)
ky hiéu cho tap tat cd cac tap con cta U.
Vi du 1.2. Xét tap U gom 10 nguoi ky hiéu xy, 29, ..., 210 trong dé moi
ngudi c6 sd tudi tuong tng 1a 5,10,...,50. Goi A la tdp hop gdm nhiing
ngudi “tré”. Khi dé A 14 mot tAp md trong U véi ham thude chang han nhu
sau:

pa(ry) = pal@e) = - = palze) = 1,

pa(xr) = 0.8, pa(zs) = 0.7, na(xg) = 0.6, pua(x19) = 0.5.

Con néu goi B 1a tap hop nhitng ngudi “cé tudi khong qua 407, thi ro
rang B = {x1, 29, ..., 25} 13 mdt tap 16 clia U. Tuy nhién ciing cé thé xem
B 1a tap con md v6i ham thude pp nhu sau:

pp(r1) = pp(r2) = - -+ = pp(rs) = 1,

pp(xg) = pp(210) = 0.

1.2.2 Biéu dién tap md
1.2.2.1 Phuong phap liét ké

La liét ké cadc phan tit clia tdp mdS va mic thanh vién tuong ting theo ky
hiéu. Xét tap va tru U va tdp mo A cua U. Xay ra cac truong hop sau:

(1) Néu U 1a mot tap hitu han,U = {1, 29,...,2,}, thi tip md A cia
U biéu dién la:

A= {(z1, pa(1)), (z2, pa(2)), -, (Tn, pa(wn))}



hay

A +ot

I X9 i

gl ) o) - pale)

(2) Néu U 1a mot tap vo han dém duge, U = {x1,29,...,2y,...}, thi
tap mo A ctia U biéu dién bang ki phap:

A i NA(xn).

Ln

n=1

(3) Néu U 1a mot tap vo han cé luc lugng continum, U = [a, b], thi tap
md A ctia U biéu dién bang ky phéap:

b

A:/“A;x).

a

Luu ¥ cac ky phap trong hai céch biéu dién cudi cliing khong lién quan
gl dén chudi cling nhu tich phan.
Chéng han xét Vi du 1.2 § trén. Khi dé tdp md A duge bidu dién 1a:

A= {(5(51, 1), (:CQ, 1), ceey (56’6, 1), (56’7, 08), (Ig, 07), (.779, 06), (ZL’10, 05)}

hay

1 1 1 1 1 1 0.8 0.7 06 0.5
A=—+—+ —+ —H —H4 —4 —+ — 4+ —+ —.
X1 o) xr3 T4 Tj Te X7 Xy L9 Z10

1.2.2.2 Phuong phap dd thi

La vé db thi ctia ham thudc pa(z) (biéu dién mdi quan hé gitta mitc thanh
vién va gid tri phan ti).

Vi du 1.3. Xét tap mS A gom nhitng “s6 gan 27 ¢ thé dude xac dinh bdéi



ham thudc nhu sau:

( Z
0 neu r <1

r—1 néul<z<?2
palz) =<1 néuz = 2
3—z néu2<z<3

kO néux > 3

Khi d6 do thi ham thuoc (hinh tam gidc) p4 trén 1a

D.Q—-
D.S—_
D.'F—-
D.ﬁ—_
0.5—_
D.4—-
0.3—_
D.E—-

014

Luu ¥ rang ham thudc diic trung cho tdp mo “sb gan 2” ¢ thé dugc xac
dinh mot cdch khéc, ching han:

pa(z) = e~ (2" vz e R.

Litc d6 ta viét:
+oo

6_(37_2)2
A= / i
i

— 00

va do thi hAm thuoc (hinh qui chuong) tuong tng 14



Woin-
0.9—_
n_z—-
D.'F—_
D.ﬁ—-
0.5—_
0.4—-
0_3—-
0.2—_

0.1 4

1.2.3 Tinh md va tinh ngau nhién

O trén ching ta da giéi thidu khai niém tap mo véi muc dich dé bidu dién
cac tinh chat md. Khi biéu dién mot tinh chat md bdi mot tdp mo A va
r 1a mot dbi tuong bat ky thl mic do thudc clia z vao tip md A 1a mot
s6 pa(r) € [0,1]. Miat khéc ching ta biét rang xdc suit ciia mot su kién
ngau nhién e, P(e), cling 13 mot sb nam gitta 0 va 1. Do d6 mot cau héi
duge dat ra “cé gl khac nhau gitta tinh mo (Fuzziness) va tinh ngau nhién
(Randomness)?” Cau tra 16i 1la “c6”, d6 la tinh md mo té sy khéng r6 rang
ctia mot su kién, con tinh ngdu nhién moé ti su khong chac chin xuat hién
ctia mot su kién. Mot sy kién ngdu nhién c¢é thé xudt hién hodc khong, xéc
suat bieu dién mitc d6 thudng xuyén xuat hién ctia su kién ngau nhién.

Sau day 1a mot vi du vé su khéc nhau gitta tdp md va xéc suat.

Vi du 1.4 (Bezdek, 1993). Gia st ban dang & trén sa mac va khat nude.
Ngudi ta mang dén cho ban hai chai nuéc gan nhan X va Y, trong d6 trén
chai gan nhan X ghi rang nuéc trong chai nay cé mic do thudc vao tdp mo
“nuée udng duce” 14 0.95 va trén chai gdn nhan Y ghi rang xédc suat dé chai
nudc nay uoéng dude 1a 0.95. Hoi ban sé chon chai nao trong hai chai nuéc
nay?

Ta biét mitc d6 thudc 0.95 cé nghia la nude trong chai gin nhan X 13
khé gan véi nude tinh khiét, chdng han nuéc mdy clia ta né cé thé 1an tap
chat nhung khong anh hudng 16n t6i sttc khde. Mat khic xdc suat dé chai
nude gan nhan Y udng ducc 1a 0.95 ¢6 nghia trong 100 lan 1ay chai nudc cé



gan nhan Y ¢6 khoang 95 lan nudc trong chai 1a uéng dude (tinh khiét), song
¢6 5 1an nude trong chai khéng phai 1a nude ubng duge (¢ thé nude doc hai
cho stic khée, chang han axit). RO rang trong truong hop nay ban nén chon
chai nuéc gan nhan X.

Bay gio gia st ban dudc quyeén md chai nuée va ldy mau xét nghiém.
Sau khi xét nghiém ban sé biét chinh xdc nudc trong chai gin nhan Y la
nude udbng dude hay khong. Xac suat 0.95 sé trd thanh xic suat cé diéu kién
va bang 1 trong trudng hop nude trong chai 13 ubng duce, con bang 0 trong
truong hop nuée trong chai khong uéng duge. Nhung sau khi xét nghiém thi
mttc dd thudc 0.95 ciia chai nuée gan nhan X van 1a 0.95.

1.2.4 Xac dinh cac ham thudc

Mot tdp mo trong vu tru U dudc dinh nghia la mét ham thudc xac dinh
trén U va nhén gid tri trong doan [0, 1]. Nhu viy xdc dinh mdt tdp ma ¢
nghia la x4c dinh ham thudc ctia né. Mot cau hoi dat ra “lam thé nao dé xéc
dinh dugc cadc ham thudc”? Céc nha nghién citu tip md da dua ra rat nhicu
phuong phap dé tinh mitc do thudce clia mot doi tuong = vao mot tdp mo A.
Sau day 1a mot sé phuong phép tiéu bicu:

Phuong phap truc quan

Phuong phép suy dién dua trén tri thtc ve linh vuc

Phuong phap st dung mang neural

Phuong phap st dung thuat toan di truyen.
Luu v rang linh vuc nghién ctu va tim thém céc phuong phap xéc dinh
ham thudc nay van con dang duge phét trién manh.

1.2.5 Cac dac trung cd ban ciaa tap mao

Sau day la mot s6 dac trung co ban ctia tdp md, nhitng dic trung nay chi ro
su khac biét cia tap mad so véi tap ro.

Cho tap md A € F(U). Tap cac phan tit # € U ¢6 dd thuoc pua(z) > 0
duge goi la gid dd (Support) cia A, ky hiéu support(A). Tic la

support(A) = {x € U : pua(x) > 0}.

RO rang gia do cta tap mo A la mot tap ro.



Tap céc phan t&t ¢ € U ¢6 dd thudc vao tip md A bang 1 dude goi 1a
nhan (Kernel) cia A va ky hiéu la ker(A):
ker(A) ={x € U : pa(z) = 1}.

Con céc phan tit € U sao cho 0 < pa(x) < 1 dude goi 1a bién clia A.
Hinh 1.2.1 sau minh hoa cho gid dd, nhan va bién ctia mot tap mo.

Hinh 1.2.1: Gid do, nhan va bién cia tap mo A

Can trén cta ciac d6 thudc pa(z) v6i moi x € U duge goi la dd cao
(Height) cua tdp mo A, ky hiéu height(A). Ttc la

height(A) = suppa(x).
xcU

Nhu vy height(A) 13 do thuoc 16n nhit ma mot phan ti ctia U thudc
vao A. Do dé né 1a mot s6 thude trong doan [0, 1].

Céac tap md c6 d6 cao bang 1 dude goi 1a tdp mo chudn héa. Trudng
hop do cao ctia cac tap md nho hon 1 thi tap mo dé dude goi la tap mao dudi
chudn. Nhu vay tdp md A ctia U 13 chuan héa néu va chi néu cé it nhat mot
phan t ctia U that su thudc A hay nhan ciia A 1a khéc réng.

Céc phan ttt x € U ¢6 pa(x) = height(A) dude goi 1a 67 (Core) clia tap
mo A, ky hiéu core(A). Ttc 1a

core(A) ={x € U : ua(x) = height(A)}.

Tong cac mitc do thudce clia cadc phan t&t ¢ € U vao tip md A dude goi

10



la luc lugng cia A, ky hiéu |A|. Tic la:

A=Y pae) (12,0
zelU

RO rang néu A 1a tap 16 thi pa(x) = 1 véi moi x € A, suy ra tong (1.2.1)
diing bang s6 phan tit ctia tdp A (tring véi dinh nghia lue lugng ctia tap 10).
Vidu 1.5. Cho tdp con mS A = {(x1,0.1), (22,0), (x3,0.8), (x4, 0.7), (5,0.8),
(x6,0), (27,0.3), (x8,0.5), (x9,0.8) } trén tap va tru U = {x1,29,...,29}.
Khi dé ta cé:
support(A) = {1, w3, T4, 5,07, T8, To }
height(A) = 0.8, do d6 A 1a tdp con m& dudi chuan

core(A) = {x3, 75,79}
ker(A) =10
|A| = 4.

1.2.6 Lat cit cha tap md

1.2.6.1 Dinh nghia
Cho tap mo A € F(U) va hé s6 a € [0,1]. Tap cdc phan tit z € U c6 dd
thuoc vao tdp md A khoéng nhé hon a dude goi 1a ldt cit o (hay tdp mic o)
cua A, ky hiéu A,. Ttc la:
A, =A{xeU:pa(x) > a}.
R6 rang lat cit A, 13 mot tap 16 va ¢6 ham dic trung la:
1 néupa(z)>a
fa, () = ,
0 ngudgc lai.

Xét Vidu 1.5 6 trén. Véi o = 0.3 ta ¢ A, = {x3, 24, 5, T7, X8, To }.
Trudng hop néu thay ddu > bang dau > trong dinh nghia ciia A, thi
tap A, dude goi 1a ldt cat a manh (hay chdt) ctia A.

11



1.2.6.2 M6t s6 tinh chat co ban

Ménh dé 1.1. Cdc ldt cit o ciia tdp mo A la nhimg tip ré cia U long nhau
doi vdi gid tri cia mice o, tie la:

a;p < g = Aal D) Aa2.

Chitng minh. Suy ra tu dinh nghia cta lat cit. ]

Hé qua 1.1. (1) Néu a = 1 thi ldt cdt A, la ldt cdt nho nhat, ¢é thé bang
rong, va cting chinh la hat nhan cia A.

(2) Néu a = height(A) thi

Ao =) As.
BLa
(3) Néu oo = 0 thi ldt cat Ay la ldt cdt [6n nhdt va bang chinh tap vi tru
U.

1.2.6.3 Biéu dién cac tap md qua cac lat cit cha néd

(logic mg va ting dung, tr. 22)

1.2.7 Tap m& 15i va s6 m&

Céac tdp md dugce sit dung rong rai nhat trong céc tng dung 1a cic tip mo
trén khong gian vecto Euclide n chiéu R”, dic biét trén dudng thiang thuc
R. Chéng han khi tap vii tru U 1a mot tap sé thue R (hodic tap con cia R),
biéu dién céc gid tri bang sé nhu chiéu cao, khodng cdch, trong luong, tudi
tde, mic luong, nhiét do, ... thi cdc tdp md trén U sé biéu dién céc gid tri
‘md phd bién nhu gan, za, cao, thap, ning, nhe, tré, gid, ...

1.2.7.1 Dinh nghia

Xét A 1la mot tdp mo trong khong gian vects Euclide n chiéu R™ va hé s6
a € [0,1]. Tap mo A dudc goi 1a tdp mo loi (Convex fuzzy set) néu moi lat
cat A, déu l1a tap 15i trong khong gian vecto R™.

St dung khai niém tép 16i trong khong gian vecto R” va lat cat a ching
ta dé kiém ching duge khéng dinh:
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pa(Az 4+ (1 — X)y) > min{pa(z), pa(y)}

v6i moi x,y € R va s6 thue A € (0,1). Ngudi ta ciing thudng st dung tinh
chat nay lam dinh nghia cho t4p md 16i. Tap md 16i cling mdt s6 tinh chat co
ban ching han nhu giao clia hai tap md 161 trong khong gian vecto R™ ciing
1a mot tap ma 1.

Khi A 1 t4p md 16i va chuan héa thi A dugc goi 1a mot s6 mo (Fuzzy
number).

Nhu vay s6 mo 1a mot tdp mo 16i va chuan héa A sao cho ham thudc
(14 it nhat lién tuc ting doan va cb pa(z) = 1 tai mot diém nao dé. S6 md
duge dung dé xap xi mot diém (hay mot vecto) cho trude trong khéng gian
vecto R™. Truong hop trén tap sb6 thuc R, thi s6 md sé biéu dién mot sb, sd
nay xap xi ctia mot sd thuc cho trude. Bén canh dé ham thuoc ciia s6 mo
ciing khong nhat thiét phai ddi xing.

Vi du 1.6. Xét tdp B céc ngoi nha “gan bai bién” tai mot dia phuong nao
d6. Théng thuong ta c6 thé hiéu cach bai bién 50m 14 gan hay c6 thé cich
bai bién dén 200m van 13 gan, nhung trén 200m thi tinh chat ‘gan bai bién’
sé it dan di va ti 500m trd lén thi khong con coi l1a gan bai bién nita. C6
thé biéu dién nhimg tri thiic trén bang mot tdp ma, néu goi A 1a tap khodng
cach dén bai bién clia cdc ngdi nha ‘gan bai bién’ thi A sé 1a mot tdp mo
trén tap sd thuc R v6i ham thudc la:

1 neul < x < 200
pae) = P07 900 < & < 500
=Y —— neéeu T
300
0 néuz > 500

R6 rang ham thuoc g4 14 mot ham 16i, do dé tap md A xéc dinh béi jiy
14 tdp mo 161, Mit khac A ciing 1a tdp md chuan héa. VAy suy ra A 1a mot
s6 mo.

D6 thi ciia s6 mS A ¢ dang:
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1.2.7.2 Cac s6 m& thudng dudc sit dung

Viéc nghién cttu cac phép todn s6 hoc nhu “+, —, x, /7 va cdc phép toan so
sanh trén cédc s6 mo 1a ndi dung ciia linh vuc s6 hoc mo, day 1a mot nhanh
clia 1y thuyét tdp md, né déng mot vai tro quan trong trong cic tng dung
clia hé mo (Fuzzy system). Cdc s6 md thudng duge sit dung nhiéu trong céc
tmg dung nhu s6 md hinh tam gidc, s6 md hinh thang, sé6 md hinh L, s6 md
hinh S va s6 mé Gamma tuyén tinh.

Duéi day 1a cac s6 mo dé cap & trén ciing véi cac biéu thite gidi tich cta
cac ham thuodc clia cdc s6 md nay.

(1) S6 m& hinh tam giac
Ham thuoc tam gidc la ham xac dinh béi can duéi a, can trén b va gia
tri m véi a < m < b. Ham thuoc tam gidc dude goi 1a doi zitng néu

a-+b
2

m =

hay gi4 tri b — m bang gia tri a — m:
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0 néuz < ahoicr > b
T —a p
neua < xr <m
_)m—a
Alx) = <
pa(z) b—w
neum <z <b
b—m
\1 néuzr =m

Do thi clia cdc ham thudce tam gidc (doi xting va khong doi xting) 1a:

LLa(x) Ma(x)
;
1 1
0 a " b X 0 a m b X

Hinh 1.2.2: Cdc tap mo hinh tam gidc

(2) S6 md hinh thang
Ham thuéc hinh thang 1a ham xéc dinh béi b bén gié tri a, b, ¢, d theo
cong thic sau:
r 2z
0 neuzr < ahoacx > d

T —a h
neua <x <b

_J)Jb—a
palz) = 7

néuc <z <d

d—rc
1 neub <z <c

\

D6 thi ctia ham thudc hinh thang cé dang sau:
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0 a b cs d X
Hinh 1.2.3: Tap mo hinh thang

C6 thé thay s6 mo hinh tam gidc 13 mot trudng hop riéng clia s6 md

hinh thang khi b = c.

(3) S6 md hinh L
Ham thuéc L 13 ham dude xéc dinh béi hai tham s6 a va b theo cong

thitc sau:
1 néuz < a
b—xz
pa(r) = neua < x <b
b—rc
0 néux > b

D6 thi ctia ham thude L c6 dang:

Ha(x)
[

0 a b X
Hinh 1.2.4: Tap mo hinh L

Ham thudc trong Vi du 1.6 & trén la ham thudc hinh L v6i a = 200 va
b = 500.
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(4) S6 m& Gamma tuyén tinh

Ham thuéec Gamma tuyén tinh con dude goi 1a ham thudc L-trdi, cb
dang ngude v6i ham thude L, 14 ham ducc xac dinh béi hai tham s6 a va b
theo cong thic sau:

0 néuz < a
_ r—a %
pa(r) = neua < xr <b
b—a
1 néuz > b

D6 thi ctia ham thudéc Gamma tuyén tinh c6 dang sau:

LL4(x)
|

0 a b X
Hinh 1.2.5: Tap mo Gamma tuyén tinh

Nhu vay céc tdp md 16i 14 nhitng tdp md c6 ham thudc “déu dan”, cb
nghia khéng c6 nhitng chd diit doan dot ngdt. Diéu nay biéu dién ding tinh
cach cap do va viéc chuyén nhich dan tit chd khéng théa man tinh chit ma
ching két hop t6i su thoéa man. RO rang khi ta yéu cau mot ai d6 vé mot
dudng cong ma ngudi d6 cho 1a thich hop nhat dé dinh nghia ham thudc clia
mot tap mo biéu dién mét gia tri xap xi (chang han nhw “khoang 207, “chiing
1000”) hay mot dic trung mo ho (chang han nhu “tré”, “xa”) thi ngudi dé
thudng vé mot tam gidc hay mét hinh thang tiy ting truong hop, ¢é thé mé
ve bén trai hoac bén phai; hay mot dudng cong hinh qua chuéng, cé thé md
ve bén trai hoac bén phai.

1.2.8 Cac phép toan trén cac tap mo

Nhu da trinh bay ¢ trén khéi niém tap md trong tap va tru U la mot su mé
rong khai niém tap con ro ctia U. Lép cac tdp mo dude hiéu nhu 14 mét dai
s6 F'S = (M, 0), trong d6 M 13 tap cdc (ham thudc) 4nh xa tit U — [0, 1] va
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O la tap cac phép toan trén M. Cac phép toan trong O dudc xay dung sao
cho ching tuong duong véi cadc phép todn thong thusng ctia Iy thuyét tap ro
khi cdc ham thudc chi nhan hai gid tri 0 va 1. Muc nay sé tim hiéu cac phép
toan co ban sau.

1.2.8.1 Phép bao ham

Cho hai tap mo A, B € F(U). Ta ndi tdp ms A bao ham trong (hay chia
trong) tap mo B, ky hiéu A C B, néu v6i mdi o € U ta c6 pa(r) < up(z).
Truong hop néu A C B va B C A ta ndi hai tdp mS A va B 13 bing nhau va
ky hiéu A = B.

Nhu vay A = B khi va chi khi

Vo € U, pa(z) = pp(x).

RO rang phép bao ham trén xac dinh mét thit tu bo phan trén F(U).
Khi A C B thi ta c¢6 thé viét lai B O A va néi B bao ham (hay chita) A.
Truong hgp néu ¢6 mot phan tit x € U sao cho pa(x) # up(x) thi ta néi hai
tap mo A va B la khdc nhau va ky hiéu A # B.
Vi du 1.7. Xét tdp U = {1,792, %3, 4} va hai tdp mo trén U la A =
{(21,0.4),(22,0.2), (23,0), (x4,1)}, B = {(21,0.3), (z2,0), (z3,0), (24,0)}.

RO rang ta c6 B C A, A khong bao ham trong B va do d6 A # B.

1.2.8.2 Phép hgp va giao

Cho hai tdp mo A, B € F(U). Hop hai tap mo A va B, ky hiéu AU B, la
mot tap mo v6i ham thudc xac dinh baéi:

paus(x) = max(pa(z), pp(x)), Vo € U.

Nhu vy A U B 1a tAp mS nho nhat chita ca A va B. Ngudi ta con ky
higu gon lai max(pa(x), pp(x)) bang pa(z) V pp(z).

Tong quat néu (A;)ser 1a mdt ho cic tAp md trén U thi hop ciia ho nay
la mot tap mo trén U, ky hiéu |J A;, v6i ham thude xac dinh béi:

el

:UJUAz(x) = sup{uAi(a:) ‘ (NS I}

iel
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va duge ky hiéu lai \/ pa,(x).
iel
Tuong tu nhu vay giao cia hai tdp mo A va B, ky hiéu AN B, la tap
md 16n nhat chita trong A va B v6i ham thudc xdc dinh baéi:

panp(z) = min(pa(z), pp(z)), Vo € U
= pa(x) A pp(x), Vo € U.

Va néu (A;)ier 14 mot ho cdc tdp mo trén U thi giao clia ho nay ciling
la mot tdp ma trén U, ky hiéu [ A4;, v6i ham thudc xac dinh la:
el
el
va con duge ky hiéu lai A pa,(x).
iel
Xét Vi du 1.7 & trén ta co:

AUB = {(21,0.4), (22,0.2), (x3,0), (24,1) }
AN B ={(x1,0.3), (22,0), (x3,0), (x4,0) }.

Tuong tu nhu trong 1y thuyét tap ro, dinh nghia hop va giao clia cac
tap md ciing dan ching ta dén céc tinh chat co ban sau. Tinh ding clia céc
tich chat nay 1a dé dang suy ra tit dinh nghia ctia céc phép toin hop va giao
doi véi cac tap mo.

Ménh dé 1.2. Véi moi A,B,C € F(U) ta cé

(1) Tinh giao hoin: AUB=BUAANB=BNA

(2) Tinh két hop: AU(BUC) = (AUB)UC,AN(BNC)=(ANnB)NC

(3) Tinh phdan phoi: AN(BUC)=(ANB)U(ANCQC),

AU(BNC)=(AUuB)N(AUC(C)

(4) Tinh dong nhat: ANU = A, AU =A

(5) Tinh nuot: AN =0, AvU =U

(6) Tinh liy ding: ANA=AAUA=A

(7) Tinh hap thu: AN(AUB)=A,AU(ANB)=A

(5) ANBCACAUB

(8) |A|+ |B|=|ANB|+ |AU B|.
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Dé thiy néu A va B 1a cdc tdp md chuan hoéa thi giao ctia ching chua
chic 14 tAp md chuan héa. Tuy nhién hop cta hai tdp md chuan héa la mot
tap mo chuan héa, va ngugc lai hop clia hai tdp mo chi ¢6 thé chuan héa khi
it nhat mot trong hai ching la chuan héa.

Trén cac phép hop, giao va quan hé bao ham lat cit clia tdp mo thda
mdt s6 tinh chat co ban sau
Ménh dé 1.3. Cho A, B € F(U) va hé s6 o € [0,1]. Khi dé

(1) (AN B), = Ao N B,

(2) (AUB), = A, U B,

(3) AC B= A, C B,.

Ching minh. Theo dinh nghia lat cat va cdc biéu dién ciia ham dic trung
qua cac phép toan hop, giao trén cac tap ro ta c¢6: v6i moi x € U

1 néupanp(r) > a

0 ngudc lai

1 néumin(pa(z), up(z)) > a
a {0 ngudc lai

= min(pa, (), up,(z))

= [14,0B. (7)
va
1 néupaup(r) > a
,U(AUB)Q(SU) = )

0 ngugc lai

1 néu max(pa(z), up(r)) > o
0 ngugc lai

= max((pa,(2), pB, (7))

MAOLUBOL (:C)

Nhu vy cédc ménh dé (1) va (2) duge chimg minh.
(3) ... O

20



1.2.8.3 Phép lay bu

Cho tap md A € F(U). Phan bu clia tdp md A trong U, ky hiéu A, 1a mot
tap md trong U v6i ham thudc xac dinh bdéi:

piale) = 1= ua(a)

Xét Vidu 1.7 & trén ta co:

A ={(21,0.6), (v2,0.8), (v3,1), (z4,0)}.

Nhu vdy phan bu clia mot tdp md chita nhiing phan tit véi do thudc
cang cao néu do thudc ciia phan tit nay vao tdp md cang nho. Noi cach khéc,
mot phan tit cang it c6 kha nang thudc vao tdp md A thi cang c¢é nhieu kha
nang thudc vao tap md A. Do dé khéc véi cac tap ro, trong cac tdp md néi
chung thi

ANA#0D, AUA#U

tttc 1a khong thoa céc tinh chat thong thudng clia ludt phi mau thuan va luat
bai trung. Pay la su khac nhau quan trong gitta tap ro va tap mad. Tuy vay
cac tinh chat khac ctia 1y thuyét tdp ro thi van con ding.
Ménh dé 1.4. Véi moi A,B € F(U) ta cé

(1)Tinh bu kép: A= A

(2) Ludt De Morgan: ANB=AUB,AUB=ANB

(3)0=U.0=0

(4) |Al +|A] = |U].

Tinh dang ctia Ménh dé 1.4 14 dé dang suy ra tit dinh nghia ctia cac
phép toan b, hop va giao dbi véi cac tip md.

Gia d6 va hat nhan ctia tdp mo va phan bu ctia né ¢6 moi quan hé sau:

Ménh dé 1.5. Cho A € F(U). ta cé

(1) support(A) = ker(A)
(2) ker(A) = support(A).

Dé thay tap F(U) 1A mot dan phan phdi trong dé quan hé thi tu 1a
phép bao ham va v6i moi A, B € F(U), AN B va AU B tuong tng la can
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dudi va can trén cia F(U). Tuy nhién dan F(U) khéng bu vi né khong chira
hai phan tit A’, B’ sao cho véi moi A € F(U) thi

ANA=A AUuA=D.

1.2.8.4 Phép hiéu va hiéu ddi xirng
Cho hai tap mo A, B € F(U). Hiéu cta hai tdp mo A va B, ky hiéu A\ B,
la mét tdp ma trén U xac dinh béi
A\ B=ANB.

Nhu vay ham thudc ciia tap mo A\ B la pap(z) = pa(z) A (1 — pp(2)).

Hiéu doi zing clia hai tdp mo A va B, ky hiéu A @ B, 1a mot tip mo
tréen U xéac dinh bdi

A@B=(A\B)U(B\A).
Tic 1a pagp(z) = [pa(@) A (1= pp(2))] V [ps() A (1= palz))].

Xét Vi du 1.7 & trén ta co:

A\B = {(561,0.4),(332,0.2),(333,0),(334,1)}

B\ A = {(x1,0.3),(x2,0), (z3,0), (x4,0)}

A@ B = {(r1,0.4),(22,0.2),(x3,0), (x4,1)}.
1.2.8.5 Tich Descartes

Cho ho cac tap mo A; € F(U;), i € I. Tich Descartes ctia ho cic tdp mdo
(Ai)ier, ky hiéu Il;cr A;, 18 mot tdp mdo trén tich Descartes I1;c;U; v6i ham
thudc xac dinh la:

MigIAi(x) - /\“Az‘(wi)» T = (Ti)ier € EIUZ-.

el

1.2.8.6 Tong dai s6 va tich dai sb

Cho hai tap md A, B € F(U). Tich dai sé6 (Algebraic product) ctia hai tap
mo A va B, ky hiéu A- B, la mot tap mad trén U v6i ham thudc xac dinh bai
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pap(r) = pa(r)ps(e).

, . A
Tong dai so (Algebraic sum) ctia hai tdp mo A va B, ky hiéu A+ B, la

mot tdp mo trén U v6i ham thudce xac dinh bai

() = pa(@) + pp() — pa(@)ps ().

A
A+B

C6 thé thay néu A va B 1a hai tip con 16 ctia U thi
A
ANB=A-BvaAUB=A+B.
Xét Vi du 1.7 & trén ta co

A-B = {(z1,0.12), (x2,0), (x3,0), (4,0)}
A—f—B = {(I1,0.58),($2,0.2),(I3,O),(I4, 1)}

Céc phép toan tong va tich dai sb trén cac tAp md cling ¢6 mot sé tinh

chat co ban sau, tuy nhién céc tinh chat nay han ché hon so véi cac phép

toan hop va giao trén cac tap ro.

Ménh d& 1.6. Cho A, B,C € F(U). Khi dé

(1) Tinh giao hOCZTL.’A-B:B-A,A—?—B:B—?—A
(2) Tinh két hap: (A-B)-C = A-(B-C),(A+ By L c =A% (BLC)
(3) Tinh phan phdi (déi vdi phép hop va giao):

A (BUC)=A-BUA-C,A-(BNC)=A-BNUA-C

AT (BUC) = (AL B)U(AL C), AL (BNC) = (AL B)nu(A L C)
(}) Tinh déng nhét: A-U = A, AL 0= A
(5) Tinh nuo‘/t:A-@:@,A—?—U:U

(6) Ludt De Morgan: A-B=A4 B,AY B=4-B

Chiing minh. Gia st pa(x) = a, up(r) = b, uc(r) = c¢. Ta chiing minh mot
s6 tinh chat sau.

(2) Ta c6 (ab)e = a(be) 1a hién nhién, suy ra cong thic (A - B) - C =

A-(B-C) luon dung.

A A A A )
Ngoai ra cong thicc (A+ B) +C = A+ (B + () la ding neu
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(a+b—ab)+c—(a+b—abjc=a+ (b+c—bc)—alb+c—bc) (1.2.2)

1a ding. Khai trién hai vé (1.2.2) ta cé:

a+b—ab+c—ac—bc—abc=a+b+c—bc—ab—ac—abc (1.2.3)

, A A A A
bang thitc (1.2.3) r6 rang ding. Do vay (A+ B)+C = A+ (B+ C).
(6) Chitng minh A- B = A —/l\— B. Ta c6

l—a)+(1-0—-(1-a)(l-b=1—-a+1-b—14a+b—ab
=1—ab.

s A
Diéu nay cé nghia A+ B=A-B.

A —
Chting minh twong tuw cho A+ B = A- B.
Céc tinh chat con lai (1) va (3)-(5) chiing minh tuong tu. O

Luu ¢ 1.1. (1) Tinh phan phdi clia tich dai s6 dbi véi tong dai sb trén céc
tap mo khong dang:
A A
A-(B+C)# (A-B)+(A-Q).

(2) Trén cdc tdp mo, phép hop va giao khong phan phdi doi véi phép

tich dai so hoac tong dai so:

AU(B-C)# (AUB)-(AUQO)
AN(B-C)# (AnB)-(AnC

AUBALYT) £ (AUB) 4 (AuC)
AN(B4YT) £ (ANB) 4+ (An0)

Dé&i phép todn tich dai sé chiing ta cling ¢ khai niém chi s6 mo [7].
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1.2.9 Dinh ly tach
Mot tdp mo ¢6 thé biéu dién qua cac tap ro bdi hé sb a;.

DPinh ly 1.7 (Dinh 1y tach). Tap md A trén U c6 thé phan tich qua cdc hé
so oy nhu sau:

A =max[a1Aa,, Ay, A ], 0<a; <1,i=1,2,...,n
d day tich a;Aq, la tap con (mo) cia U zde dinh boi:

a;  néu pa(z) > o

Ha;Aq, (iL’) = {

0 nguoc lai.

Chaing minh. Ta biét A,, 13 14t cit a; clia tAp md A v6i ham thuoc xdc dinh
béi:

1 néu pa(z) > o
NA(IZ' = .
0 ngudc lai.

Do d6 ham thudc clia A c6 thé viét lai:

MmaX[OziAai] - HESX[OQA%]

g

= max|ay]
a;i<pia(z)

= pa(z).
Theo dinh nghia bang nhau ctia tdp md suy ra
A = max[ag Ay, @2Aay, - - Ay, ]

[]

Vi du 1.8. Xét tap A = {(x1,0.2), (22,0), (x3,0.5), (24, 1), (25,0.7)} 1a tép
mo trong mot tap vi tru httu han U nao d6. Khi dé ta cé
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A =max((0.2){(x1, 1), (x2,0), (x3,1), (x4, 1), (x5, 1)}, (0.5){(21,0), (z2,0), (x3, 1),
(£C4, 1)7 (£C5, 1)}7 (07){(561, 0)7 (x% 0)7 (x?n 0)7 ($4, 1)7 (x57 1)}7(1){(I17 1)7 (I% 0)7
(333a 1)7 (3347 1)7 (I57 1)})

Dinh 1y tdch van con diang khi tap va tru U ¢6 luc luong continum.

Vi du 1.9. Xét tip mo A trén R v6i ham thude xdc dinh bdi:

A =1 ! R
pa(z) =1— ——, v e R
(.77) 1 xz X

Xét doan [, 1], v6i 0 < a < 1, ta cb the viét

1 néu pa(z) € la, 1]
pa, () = ,
0 ngudc lai.

Suy ra

1 néuz>
/”LA(X(:E) = 1 —

0 ngudgc lai.

Do d6 véi tap gid tri a bat ky, 0 < o < 1, chiing ta c6 thé tach tip mo
A trén.

1.2.10 Khoang cach

1.2.10.1 Khoang cach Hamming

DPau tién ching ta nhic lai khai niém khoéng ciach. Cho X 1a tdp hop khéc
rong va * 1a mot phép toan trén tap sé thuc R. Mot khodng cdch (hay
métric) trén X ddi v6i phép toan * 1a mot 4nh xa d : X x X — R thoa man:
Va,y,z € X

(i) (Tinh khong am) d(z,y) > 0, d(v,y) =0 r =1y

(ii) (Tinh doi zing) d(z,y) = d(y, )

(iii) (Bdt dang thiic tam gidc) d(x, z) < d(z,y) * d(y, 2).

Bay gio ta xét tdp httu han U = {x1,x9,...,x,} va anh xa
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d: FU)x F(U) =R

xac dinh bai

Z |wa(z:) — ()|

v6i A, B € F(U).

Khi d6 véi moi A, B,C € F(U) ta c6

(1) d(A,B) > 0,d(A,A) =0

(2) d(A, B) = d(B, A)

(3) d(A,C) <d(A,B)+d(B,C).

Do d6 d 1a mot khodng céch trén F(U) dbi v6i phép cong (+) trén R.
Khoang cach nay dudc goi 1a khodng cich Hamming (Hamming distance)
trén cac tap mo trong U.

Dé thay 0 < d(A, B) < n véi moi A, B € F(U). Dat

5(A, B) = %d(A, B).

R6 rang 0 < 6(A,B) < 1 va § cing 1a mot khoéng céch trén F(U)
ddi v6i phép cong, va dude goi 1a khodng cdch Hamming tuong doi (Relative
Hamming distance) trén cac tap md trong U.

Vidu 1.10. Xét hai tdp mo A = {(x1,0.7), (x2,0.2), (3,0), (x4,0.6), (x5, 0.5),
(x67 1)7 (1‘7, 0)} va B = {(xla 02)7 (x% 0)7 (333, 0)7 (334, 06)7 ($57 08)7 (x67 04)7
(x7,1)} trén tap va tru U = {x1, 29, ..., 27}

1
Ta c6 d(A, B) = 2.6 v 5(A, B) = =d(A, B) = 0.37.

Truong hop néu U 14 tdp vo han dém duce, U = {x1,29,...,2,,...},
thi khodng cdch Hamming trén F(U) dugc dinh nghia la

Z alzi) — pp(w:)|

néu chudi nay 1a hoi tu. Con néu U = R thi khodng cdch Hamming trén

F(U) duge dinh nghia 1a

ata.8) = [ o) — (o) do

— 00
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néu tich phan nay hoi tu.

1.2.10.2 Khoang cach Euclide

Ching ta c6 két qua quen thudc sau.

Dinh 1y 1.8. Cho p;,m;,n; € RT vdii =1,2,..., k. Néu p; < m; + n; vdi
moit1=1,2,....k the

Ching minh. Vi p; < m;+n; vé6imoi+1=1,2,..., k nén

k

k
> <D (mi+ )
1=1

=1

Do d6 ta chi can chimg minh bt ddng thitc

k k k

Z(m@ +n;)? < Z mf + Z TZ%

1a xong. Bat déng thic nay tuong duong véi cic bat dang thic sau:

k

k k k k
@Z(miﬁ-ni)QSZm?—FZn?ﬁ-Q Zm%an
i=1 i=1 i=1 i=1 i=1

k k k

E . § : 2 2
& min; < m;. E n;

i=1 i=1 =1

k k k

i=1 i=1 =1
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k
mez +2 Z mmzm]n3<2m n? + Z mn —|—mn2)
=1

i#751,j=1 1#j51,5=1

&2 Z ming.min; < Z mn —|—mn2)

1#751,5=1 i#£j1,7=1
k
~ Z (mmj — mjni)Q > 0.
ijsij=1

Bat ddng thic cudi cing 13 hién nhién ding. Nhu vAy ching ta cé

[]

Bay gio xét tap httu han U = {x1,z9,...,x,} va cdc tdp mo A, B,C €
F(U). Véi z; € U, dat

pi =| pa(wi) — pol:) [,mi =| pa(zi) — pp(x:) |, n =| pp(z:) — pe(zi) | -

Ro rang ta c6 p; < m; + n;. Do dé theo Dinh Iy 1.8 suy ra

Z | palei) — pele) [? S\ Z | a(ei) = pp(w:) P+

Z | uB(ws) — po(;) 2.

\&

Dit e(A, B) = /> iy | pa(z;) — pp(x;) |2 Dé thay

e(A,C) <e(A,B)+e(B,0).

Hon nita 16 rang ham e thoa thém tinh khéng Am va tinh déi xiing. Do
d6 e 1a mot khodng cach trén céc tdp md trong U dbi v6i phép todn cong
trén R va dudc goi 1& khodng cdch Buclide. D& thiy 0 < e(A, B) < /n, va
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khi d6 e*(A, B) = >0 | pa(xi) — pp(z;) |* duge goi 1a chudn Euclide.

1 1
Pit (A, B) = ﬁe(z‘l, B) = \| =21 [ palw:) — p(as) [ RO réng
0 < €(A,B) <1 va e cung la mot khodng cach trén cdc tdp md trong U
/ 1
va dudce goi 1a khodng cdch Euclide tuong doi. Khi d6 €2(A,B) = =Y | |
n
pa(zs) — pp(;) |2 dude goi 1a chuan Euclide tuong doi.
Xét Vi du 1.10 ta c6 e*(A,B) = 1.74, ¢(A,B) = V1.74 = 1.32 va

e(A, B)
Truong hop néu U 1a tdp vo han dém duce, U = {z1,79,...,2,,...},

thi khodng cach Euclide trén F(U) duge dinh nghia 1a

e(4, B) = Z | pa(ai) — pp (i) |2

néu chudi nay 1 hoi tu. Con néu U = R thi khodng cach Euclide trén F(U)
dugc dinh nghia la

e(4, B) = \// ) na(x) — pp(x)|*dx

néu tich phan nay hoi tu.

Luu 4 1.2. Khoang cach Euclide tuong déi va khoang cich Hamming tuong
ddi khong duge stt dung trong trudng hop U 1a tdp vo han (dém dugc hoidc
khong dém duge).

1.2.10.3 Chi s6 mo

Xét tap vii tru U hitu han va tdp mo A € F(U). Tap ro gan vdi A nhat, ky
hiéu A, 1a mot tap con ctiia U ¢6 ham dac trung xac dinh bdéi:

0 néu pa(r) < 0.5
palx) =<1 néu py(z) > 0.5
0 hodcl néupa(x)=0.5

O day chiing ta quy udc pa(r) =1 néu uy(z) = 0.5. Nhu vay
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0 néupa(xr) <0.5
pa(z) = )
1 néupa(z) > 0.5
Vi du 1.11. Xét tdp mo trén tdp va tru U = {1, 29, ..., x5} nhu sau:

A= {(ﬂﬁl, 04), (CL’Q, 06), (.173, 05), (£E4, 1), (£E5, 0)}

Khi d6 tap ro gan véi A nhat 1a:

A = {((171, 0)7 ({132, 1)7 (ZIS3, 1)7 (5134, 1)7 (5135, O)}

Hay viét lai
A — {.IQ, X3, 56'4}.

Chi s6 mo tuyén tinh (Linear index of fuzziness) ctia tap md A, ky hiéu
v(A), 1a 86 thuc xac dinh boi
2

Truong hop s6 thuce duge xdc dinh nhu sau

oA
\/ﬁ.e VA

duge goi 14 chi s6 mo bic hai (Quadratic index of fuzziness) ctia tdp mo A
va ky hiéu la n(A).

Nhu vay
2
A)=—re(A A
oA) = (A A)
Vi
1 1
OS(S(A,A)35\@0§6(A,A)g5
nén

0<~(A)<1va0<nA <1

Khai niém tap ré gan v6i mot tdp md cho trude va khai niém chi s6 mo
ciing duge mé rong cho tap v tru U 1a v6 han, tuy nhién véi dieu kién tong
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13 hitu han. Chang han v6i U = [a,b] € R thi chi s6 m& tuyén tinh x4c dinh
bai:

1) = [ ) = pate) |

Vi du 1.12. Cho A la mét tdp md trén U = [0, 2] v6i ham thudc xac dinh:

x? khi0 <z <1
pa(z) = N
(x—2)* khil <z <2
Khi do ta cé
2 2
1) = g [ o) — puae) |
—YJo
Ta thay
5 1 1
> - r > —
2 2
va,
22>1 2 >1
J— _<:> N R
(2=-2)" 23 T2
1
Sr<2— —.
2
Suy ra
v(A) = dex—l—/ (1—x2)d33+/ (1—(z —2)*)dx+
0 % 1
2
—I—/ (z — 2)%dx
4 4
3 3V2
Vay chi s6 md tuyén tinh ciia t4 \Al\(4 4)
ay chi sO md tuyen tinh cua tap mo A la (= — —=).
1y y p 3 3\/§

Vidu 1.13. Cho U =[0,a] (a > 0) va A 1la mot tap con mo cia U xac dinh

32



2
T ) ,
béi pa(z) = — Tim chi s6 md tuyen tinh y(A).

(Bai tap ve nha)
Céc tap ro gan nhat véi tdp md cb céc tinh chat co ban sau.

Ménh dé 1.9. Cho cdc tip mo A, B € F(U). Khi dé
(1) ANB=ANB
(2) AUB=AUB.

Ching minh.

(1) Ta co
0 néupsnp(r) <0.5
panp(x) = .
1 ngugc lai
|0 néumin(pa(z), up(z)) < 0.5
1 ngugc lai

— min(pa(e), jp())

= pang(T).

(2) Lap luén tuong tu ta cung ¢

0 mnéupaup(r) <0.5
paup(z) = .
1 ngugce lai
] 0 néumax(pa(x), pp(r)) < 0.5
1 ngudc lai

= max(ua(z), pp())
= paup().

1.2.10.4 Danh gia chi s6 m& qua entropy

O day ching ta chi xét tip vii tru U 1 hitu han.
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Nhu ching ta da biét entropy ctia mot hé do mitc do hén loan (méat trat
tur) ctia cdc thanh phan trong hé d6 ting vdi xdc suit clia trang thai. Mot
cach hinh thitc entropy duge dinh nghia nhu sau.

Xét mot hé gom N trang thai £, &, ..., En Vi cac xéc sudt tuong ting
P1, P2, - -, pn. Khi d6 entropy ctia ctia hé, ky hiéu H(py, po,...,pn), 1 gid
tri xac dinh bdéi

N
H(P1,P2, . ,pN) = —Zpilnpi.
i=1

Dé dang chiing minh dudc
e H=0 (H cyc ticu) khi

pr=1 re{l,2,... N}
pi:O7 Z#T’
e H=InN (H cuc dai) khi

1

Trudng hop néu ching ta xac dinh

1 N
H(p1,p2,....pn) = —mz;pi In p;
1=
thi khi dé entropy 1a mot gid tri (quantity) bién thién gitta 0 va 1:

Hmz'n =0 va Hmax = 1.

Bay gid chiing ta ding khai niém nay dé udc luong (evaluate) do mo
cua mot tap con. Xét tap con ms A nhu sau:
pa(xy) = 0.7, pa(ry) = 0.9, pa(zs) =0, ua(zy) = 0.6, pa(xs) = 0.5, pa(xg) = 1.
Dat

fra(;)

Z?:1 pa(;)

7TA($Z') =
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ta thu dugc

7 9 0 6 5% 10
ma(T1) = 37 Ta(T2) = 37 ma(x3) =0, ma(z4) = 37 ma(Ts) = 37 Ta(76) = 37
Khi do6

1
H(my,mo, ..., mg) = —RZWA(@). Inma(x;)

= 0.89.

Cong thitc tong quat cho phép tinh todn entropy tit d6 md cé thé viét

lai nhu sau:

H(ma(z1), ma(z2), ..., wa(zn)) = 1nNZ“ ;). In 74 (z;)
1 N
A AT e

(In Z pa@i)) = (O pazi) x npa(z))).

1=1

1.3 Dai s6 tap mo

Ly thuyét tdp md 14 co s6 toan hoc cho viée phét trién cdc phuong phap mé
phéng 1ap ludn ciia con ngudi. Vé nguyén tac van dé tu duy va lap luan cla
con ngudi 1a cuc ky phitc tap, do d6 khé cé thé xay dung dude mét cau triic
toan hoc duy nhat dé mo phéng. Vi vy néu ching ta xdy dung dugc cang
nhiéu cau tric dai sd cic tdp md thi cang t6t, dé ti d6 ching ta cé thé linh
hoat trong tiép cdn céc van dé tng dung.

35



1.3.1 Phép t-chuan

Mot ham hai bién T : [0,1] x [0,1] — [0,1] dudc goi 1a mdt phép t-chudn
(t-norm) néu né théa man cac tinh chat sau: Va,d’, b, b, c € [0,1]

(Th) Diéu kién bién: T(a,0) =0,T(a,1) =a

(Ty) Tinh giao hodn: T'(a,b) = T(b,a)

(T3) Tinh don diéu: (a < a',b<V) = T(a,b) <T(d,V)

(Ty) Tinh két hop: T(T(a,b),c) = T(a, T(b,c)).

Dé kiém chitng dugc cic phép toan giao (A) va tich dai s6 (-) trén cic
tap mo 1a cac phép t-chuan. Khi d6 chiing con dugce ky hiéu lai tuong tng 1a
T,, va T),. Phép toan T, con dudc goi la phép giao mo chudn (Fuzzy standard
intersection).

Trusng hop phép t-chuan T théa diéu kién T'(a, a) = a véi moi a € [0, 1]
thi phép t-chuan T ducc goi 1a ¢6 tinh liy ding. Khi d6 phép giao md chuin
T,, c6 tinh chat tha vi sau.

Ménh dé 1.10. Phép giao mo chuan T,, la phép t-chuan duy nhdt c¢é tinh
liy ddng.

Chiing minh. Ro rang T, (a,a) = min(a,a) = a v6i moi a € [0, 1]. Tic la T,,
c¢6 tinh liy déng.

Gi4 stt T 13 mot phép t-chuin bat ky ¢6 tinh liy ddng. Véi moi a,b €
[0, 1], khong mat tinh tong quat ta xem a < b. Khi d6 theo dinh nghia phép
t-chuan va tinh liy ding ta c6

a="T(a,a) <T(a,b) <T(a,1) = a.

Suy ra T'(a,b) = a = min(a,b). Nhu vay T = T,,. O

Ménh dé 1.10 cho thiy 1y do vi sao ngudi ta khéng xem tinh liy ding
13 tién dé ctia phép t-chuan.
Vi du 1.14. Cac phép t-chuan sau thuong dude st dung:
(1)
(2) Mot sb phép todn giao khéc:
a) Tich dai so: T,(a,b) = a.b
b) Tich gidi noi (Bounded product): T7(a,b) = max(0,a + b — 1)
c) Tich chdt (Drastic product):

Giao mo chudn: Ty, (a,b) = min(a, b)
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a khib=1
T*(a,b) =<¢b khia=1
0 khia<1lvab<1

Ta ¢6 day bat ding thic sau:

T <Tp <T, < T,

va voi moi t-chuan 7 ta luon co:
T <T<T,.

Vé mat ngit nghia phép t-chuan dude sit dung dé md réng ngit nghia ciia
phép toan logic AND.

1.3.2 Phép ¢-d6i chuan

M6t ham hai bién S : [0, 1]x[0, 1] — [0, 1] dugc goi 1a mét phép t-ddi chudn (t-
conorm) hay S-chudn néu né théa man céc tinh chat sau: Va, d’, b, ', c € [0, 1]

(S1) Pieu kién bién: S(a,0) = a,S(a,1) =1

(S9) Tinh giao hodn: S(a,b) = S(b,a)

(S3) Tinh don diéu: (a < a',b<1¥)= S(a,b) <S(d,V)

(S4) Tinh két hop: S(S(a,b),c) = S(a, S(b,c)).

Dé ki¢m chiing dugc cac phép toan hop (V) va tong dai s6 (—/l\—) trén cac
tap mo 1a cac phép t-ddi chuan. Pay 1a phép toan déi ngdu véi phép toan
t-chuan, ching con dude ky hiéu lai tuong tmg 1a S, va Sp. Phép hop mao Sy,
con ducc goi 1a hop mo chudn.

Vi du 1.15. Cac phép t-d6i chuan sau thuong duoe sit dung:
(1) Hop mo chudn: Sp,(a,b) = max(a,b)
(2) Mot sb phép hop khéc:

a) Tong dai s6: Sy(a,b) =a-+b— ab

b) Tong gidi noi: Sp(a,b) = min(1, a + b)
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c) Tong chdt:

a khib=0
S*(a,b) =<¢b khia=0
1 khia>0vab>0

Ta c¢6 day bat ding thic sau:
S < Sp < S < S
va v6i moi t-d6i chuan S ta luén co:

Sp <8 < S

Tuwong tu nhu Ménh dé 1.10, phép hop md chuan S, ciing c6 tinh chat
sal.

Ménh dé 1.11. Phép hop md chudn S, ld phép t-doi chuan duy nhdt co
tinh luy ddng.

Chiing minh. RO rang Sy,(a,a) = max(a,a) = a v6i moi a € [0,1]. Hay S,,
c¢6 tinh liy déng.

Gid st S 1& mét phép ¢-dbi chudn tiy ¥ ¢6 tinh liy ddng. Khi dé véi
moi a,b € [0,1], a < b, ta ¢

b=S(b,0) = S(0,b) < S(a,b) < S(b,b) = b.

Suy ra S(a,b) = b = max(a,b). Nhu vy S = S,,. O

Vé mat ngit nghia phép t-ddi chuan duge st dung dé mé rong ngit nghia
cua phép toan logic OR.

1.3.3 Phép pha dinh

Ham N :[0,1] — [0, 1] dudc goi 1a phép phii dinh néu né thdéa man céac tinh
chat sau: Va,d' € [0, 1]

(Ny) Tinh don diéu gidm: a < o’ = N(a) > N(a')

(Ny) Tinh bu kép: N(N(a)) = a.
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Ménh dé 1.12. Phép phi dinh la mét song dnh.
Chitng minh. Gid st ham N : [0, 1] — [0, 1] 1& mot phép phu dinh. Khi d6

Va,a' € [0,1], N(a) = N(a') = N(N(a)) = N(N(da'))

=a=ad.
Do d6 N la mot don anh.
Ngoai ra v6i moi b € [0, 1], dat a = N(b). Suy ra N(a) = N(N(b)) = b.
biéu nay cé nghia N 14 mot toan 4nh. Nhu vay N 14 mot song anh. ]

1.3.4 Heé ddi ngau

Pinh nghia 1.1. Ba phép toan t-chuan T, t-d6i chuan S va phép phi dinh
N dudc goi 1a mot hé doi ngau A = (T, S, N) néu chiing théa man diéu kién
sau:

Va,b € [0,1], N(S(a,b)) =T(N(a), N(b)) (1.3.1)

Diéu kién (1.3.1) con viét lai 1a N(T'(a,b)) = S(N(a), N(b)).
Dé dang kiém chimg dugc cac hé sau day 1a hé ddi ngau ma ta thuong
A
goi l1a hé luat DeMorgan: (A,V,” ), (+,+,7 ), (T, SL,” ), (T*,5*,7).

1.3.5 Dai sbé tap ma

Cho mdot hé déi ngau bat ky A = (T, S, N) va mot tap hop U. Dai s6 tip mo
trén F(U) dua trén hé déi ngdu A 1A mot cau tric FAx = (F(U),Na, Up, ™)
v6i cde phép todn duge dinh nghia nhu sau: VA, B € F(U)
(i) Phép giao NA:
AN B € F(U) xéc dinh bii pan p(r) = T(pa(e). ps(a)).
(ii) Phép hop Ua:
AUp B € F(U) xac dinh béi pau,p(x) = S(pa(x), up(z)).
(iii) Phép lay bu —A:
Ap xéc dinh béi pg, (x) = N(pa(z)).

Dai so tap md cé cac tinh chat co ban sau.

Ménh dé 1.13. Vi moi A, B,C € F(U) ta co:
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(1) Tinh dong nhat: ANAU = A, AUAD = A

(2) Tinh nuot: ANA 0 =0, AUsU =U

(3) Tinh giao hoin: ANa B=BNa A, AUp B=BUp A

(4) Tinh két hop: (ANa BYNa C = ANa (BNa C),
(AUa B)Ua C = AUp (BUA C)

(5) Tinh phan phoi: ANa (BUA C) = (ANa B)Ua (ANa ©),
AUa (BNaAC) = (AUa B)Na (AUa O)

(6) Tinh bi kép: Ax = A

(7) Ludt De Morgan: ANa B = Ax Ua Ba, AUa B = Ax Na Ba.

Chiing minh.
(1) Theo dinh nghia phép giao Na ta c6

Suy ra ANa U = A.
Lap luan tuong tu, theo phép toan hgp Ua ta cling co

aus0(®) = S(pa(z), po(z))
= S(pa(x),0)
= pa(z).

Do d6 AU A0 = A.
Céc tinh chat tir (2)-(7) chimg minh hoan toan tuong tu.
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Bai tap

-m)

CAu 1.1. Chiing minh céc tinh chat ciia tong dai sb va tich dai s6 tit (1),
(3)-(5) trong Ménh de 1.6.

Cau 1.2. Chitng minh céc tich dai sé Tp, tich giéi noi Ty, va tich chiat T* 1a
cac phép t-chuan.

Cau 1.3. Chimg minh day bat dang thic sau cho céc phép t-chuin
T° <Tp <T, <T,.

Chting minh véi phép t-chudn T bat ky, ching ta ludn c6 bat dang thitc
sau:
T <T<T,.

Cau 1.4. Chimg minh céc tong dai sd Sp, tong gi6i ndi Sy, va tong chat S
14 cac phép t-d6i chuan.

C4u 1.5. Chimg minh ddy bat ddng thic sau cho céc phép t-dbi chuin:
Sm < Sp < Sp < 5%

Chitng minh véi phép t-dbi chuan S bat ky, ching ta ludn cé bat dang
thic sau:
S, <8< 8

Cau 1.6. Chiing minh cac hé sau day la hé déi ngau:

a) A= (AV,7)
b) A= (,+")
C) A = (TL,SL,_)

d) A = (T*,5%,7).

Cau 1.7. Chting minh céc tinh chat ctia dai s6 tap ma tit (2)-(7) trong Ménh
de 1.13.
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Chuong 2

Quan hé mag

Quan hé md 1a mot trong nhitng khai niém quan trong ctia Iy thuyét tip md,
déng vai tro quan trong trong logic mo. Khai niém quan hé md 1a su tong
quat hoéa ctia khai niém quan hé thong thudng (rd), chiing lam 16 nhitng méi
lién két khong chinh xac hay c6 cap do gitta cdc phan t clia cling mot tap
hop.

2.1 Dinh nghia

Cho U va V 1a hai tap hop bat ky. Xét tich Descartes U x V . Mbi tdp mo
R trén tap U x V dudc goi 1a mot quan hé mo tit U dén V. Trudng hop néu
U =V thi R dudc goi la quan hé mo trén U. Nhu vay khi R 1a mot quan hé
md tit U dén V thi c6 nghia R € F(U x V) va R 1a mot quan hé md trén U
thi c6 nghia R € F(U?).

Tong quat mot quan hé mo gitta cac tap hop bat ky Uy, Us, ..., U, la
mot tap mo trén tich Descartes Uy x Uy X -+ - X Uy,

Khi U va V 1a hai tdp hitu han thi quan hé mo R tit U dén V cé thé
bi¢u dién bang ma tran M (R) trong dé cac dong tuong tmg véi cic phan tit
x € U, cic cOt tuong tng véi cdc phan t y € V va phan t clia ma tran
nam & dong = cot y 1a gid tri pp(x,y). Dac biet khi U =V = {z1,z9,...,2,}
(hitu han) thi quan hé md R trén U c6 thé biéu dién bang mot do thi cé
huéng cé trong sb sao cho tap dinh 1a U, con néu pg(z;,x;) > 0 thi c6 mot
cung tit dinh z; dén dinh x; v6i trong s6 14 pg(z;, z;). DO thi ndy con duge
goi 1a do thi mo xéc dinh béi R.

Vi du 2.1. Cho U = R vi tip md R € F(U?) xéc dinh béi:
pr(z,y) = e @V,

Khi d6 R la mot quan hé mdo trén U.

Vi du 2.2. Cho U = {x1,22,..., 24}, V = {y1,%2,y3} va quan hé ms R €
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F(U x V) nhu sau:

RO+O'5+1+1+O+O|
_(9«”1,91) (xlayQ) (xlayS) ($2,y1) (952,y2) (x2,y3)l

0'2+ 0 N 0 N 1 +0.5+0.8
(23, 1) (553792) ($3,y3) (x4,y1) (37473/2) (:1:4,y3)

Khi d6 quan hé md R trén cé thé biéu dién bdi ma tran nhu sau:

0 05 1\
. 1 0 0 I9
R=102 0 02]
1 05 08/

Y1 Y2 Y3

Vi du 2.3. Cho U = {x1, 72, 23} va quan hé¢ mo R € F(U?) nhu sau:

R 0 N 0.1 N 1 N 0 N 0 N 0.3 |
_(x17x1) (xlaxQ) (x17x3) ($27x1) (.TQ,.Z'Q) (x27x3) |
1 0.4 1

(z3,21) " (3, 2) " (23, 23)

Quan hé mo R trén c6 thé biéu dién bang dd thi md sau day:

Luu ¢ 2.1. RO rang quan hé mao la nhiing trudéng hop riéng cia cac tdp md.
Do d6 nhitng khéi niém va tinh chit lién quan dén cc tdp md déu cé thé ap
dung duge cho quan hé md. Chiang han c¢é thé dinh nghia chiéu cao, gid, ...
ctia mot quan hé mao [5].

Choquan hé mo R € F(UxV),tapmo A € F(U) vatapms B € F(V).
Tap mo cam sinh ti A va R, ky hiéu A o R, 1a mot tadp md trén V' véi ham
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thuoc xac dinh bai:

paor(y) = \/ [wa(z) A pr(z,y)],Vy € V.
zelU

Truong hop tap mo cam sinh tu R va B, ky hiéu R o B, la mét tap mo
trén U v6i ham thudc cho bdéi:

,uRoB(I) = \/ [MR(xvy) N :uB(y)] Ve e U.

yev

Vi du 2.4. Xét quan hé mo Rt tap U = {1, 22} dén tap V = {y1, v, y3}

nhu sau:
0 05 1
R = (0.2 1 0.3)

va hai tap md trén U va V tuong tng la

0.1 0.8 0 0.1 04
A= —+—B=—+—+—.
T T2 Y1 Y2 Ys

Ta c6 tap mo trén V' cam sinh tu A va R la:

0.2 08 0.3
AoR=—"4 —+—
Y1 Y2 Y3
va tap mo trén U cam sinh tit R va B la:
04 0.3
RoB=—+—.
T T2

2.2 Cac phép toan trén quan hé mag

2.2.1 Phép hgp thanh min-max

Cho U,V,W 1a cic tdp hop bat ky v hai quan hé mo R € F(U x V),
S € F(V xW). Hgp thanh min-maz cia R va S, ky hiéu Ro S, la mdt quan
hé md tit U dén W v6i ham thuodc xac dinh bai:

/'LROS(:U77~U) = \/ [“R(xay) A IUS(yaw)] ) Vo € U,’lU ew.
yeVv

Vi du 2.5. Cho hai quan h¢ m6 R € F(U x V) va S € F(V x W) nhu sau:
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03 1 0.7 0.1 04 boUs 02
0.8 0.3 0.9
0 05 0.8 0.2 0.3
R S=107 05 0
0.7 0.8 02 04 0 06 01 05
0.9 0.7 0.8 0.2 0.5 092 0.6 03
Khi d6 ta co:

0.8 0.5 0.9

0.7 0.5 0.5

RoS=103 03 08

09 0.5 0.7

Phép hop thanh min-max c6 mot s tinh chat co ban sau.

Ménh dé 2.1.
(1) Phép hop thanh min-max cé tinh két hop.
(2) Phép hop thanh min-max cé tinh phdn phoi vdi phép hop.

Chitng minh.

(1) Xét cAcquanhé mo R € F(UxV),S € F(VxW)vaT € F(WxZ).
Ta sé chiing minh (Ro S)oT = Ro (SoT). That vay v6i moi x € U,z € Z
ta co:

/L(ROS)OT(xa Z) = \/ [IUROS(xa w) A :uT(w7 Z)]

_ \/ [\/ (r(z,y) A ps(y, w)] A pr(w, )]

= \/ \/ [ur(, y) A ps(y, w) A pr(w, 2)]
weWyeV

= \/ [r(z,y) A \/ Ry, w) A ps(w, 2)]]
yev weW

= \/ lr(z,y) A psor (Y, 2)]
yevVv

= HRo(SoT) (xa Z)

Nhu vy (RoS)oT = Ro (SoT).
(2) Xét quan hé mo R € F(U x V') va hai quan hé mo Sy, 5, € F(VxW).
Ta sé chitng minh Ro (S;1US3) = (RoS1)U(RoSy). Véimoix € Uywe W
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ta co

HRo(S1US2) (SU, w) - \/ [/LR(ma y) A (/’L51 (yv w) \ MSQ(Z% w))]
yeV

= \/ [(,LLR(LL',y) N /le(y, U))) \% (NR(xu y) A (:uSz(ya w))]
yeV

=\ lun(ey) Aus, (5.0 v\ in(ay) A (s (v, )]
yev yeV

= HRoS; (gj? w) V [LRoSs (SU, w)

= M(ROSl)U(ROSQ)(xa w).

DOdéRO(51USQ):(Rosl)U(ROSQ). []

2.2.2 Phép hgp thanh tich-max

Cho U,V,W 1a cac tdp hop bat ky va hai quan hé mo R € F(U x V),
S e F(V xW). Hgp thanh tich-max cia R va S, ky hiéu Re S, la mdt quan
hé mS tit U dén W v6i ham thuoce xac dinh nhu sau:

Vo e UVz € W, pres(z,2) = \/ [r(z,9)-15(y, 2)].

yeVv
Vi du 2.6. Xét hai quan hé mé R va S 6 Vi du 2.5.
Ta cb
0.8 0.35 0.9
0.56 0.4 0.45
ReS=107 021 0.72
09 04 0.63

Phép hop thanh tich-max cling c¢6 cdc tinh chat co ban tuong tu phép
hop thanh min-max nhu sau

Ménh dé 2.2.
(1) Hop thanh tich-max cé tinh két hop.
(2) Hop thanh tich-max cé tinh phan phéi véi phép hop.

Chiing minh.
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(1) Xét cdcquanhé mo R € F(UxV), S € F(VxW)vaT € F(WxZ).
Ta sé chiing minh (Re S)eT = Re (SeT). V6imoi x € U,z € Z ta cb:

,LL(R.S).T(QS, Z) = \/ [,UJRoS(x’ w)':uT(wv Z)]

wewWw
= \/ [\/ [ILLR(LU,y),LLS’(y,w)] /LT(waz)]
weWyeV
— \/ \/ (wr(z,y).ps(y, w).ur(w, 2)]
= \/ (nr(x,y). \/ 1Ry, w).pus(w, 2)] ]
yev wewWw
- \/ (nr(x,y).pser(y, 2)]
yev

= HRe(SeT) (xa Z)

Suy ra (ReS)eT =Re(SeT).
(2) Xét quan hé mo R € F(U x V) va hai quan hé mg Sy, So € F(VxW).
Ta sé chiimg minh Re (S1US;) = (ReS;)U(ReSy). Voimoix e Uyw e W

ta co

HRe(S1US>) (Z’, w) - \/ [MR(xa y)'(:uSl (yv w) Vs, (y7 w))]
yevVv

=V [(ur(@,y).pms (v, w) V (1r(z,y).(1s,(y, w))]
yevVv

=\ [er(@.y)ps @)V \/ (e, y).(us,(y, w)]

yeV yev
— [ ReS; (xv w) V [LReS, (xa w)

= M(R.Sl)u(R.Sz)(I, w).

DOdéRO(SlLJSQ):(RC;Sl)U(ROSQ). []

2.2.3 Phép hop thanh max-min

Cho U,V,W la cic tdp hop bat ky va hai quan hé mo R € F(U x V),
S e F(V xW). Hgp thanh maz-min ciia R va S, ky hiéu R« .S, 1a mdt quan
hé m¢S tit U dén W v6i ham thuodc xac dinh bai:
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Ve e UVz € W, upes(z, z) = /\ nr(z,y) V us(y, 2)] .

yeVv
Vi du 2.7. Xét hai quan hé mé R va S é Vi du 2.5.
Ta c6
0.4 0.1 0.3
0.3 0.2 0.3
RxS5=102 04 0.2
0.5 0.2 0.5

Phép hop thanh max-min c¢6 mot s6 tinh chat co ban sau.
Ménh dé 2.3.

(1) Hop thanh maz-min cé tinh két hop.

(2) Hop thanh max-min cé tinh phan phoi vdi phép giao.
Ching minh.

(1) Xét cic quan hé mo R € F(UxV),S € F(VxW)vaT € F(WxZ).
Ta sé ching minh (R* S)*T = R+ (S*T). V6i moi x € U, z € Z ta co:

/L(R*S)*T(xa z) = /\ [IUR*S(xa w) V i (w, Z)]

— /\ [/\ lr(z,y) V ps(y, w)] V pr(w, 2)]

= /\ /\ [r(2,y) V sy, w) V pr(w, z)]
weWyeV

= Ar@ v A el w) Vv ast, 2)
yev weW

= /\ lr(2,y) V pser (Y, 2)]
yevVv

= MR*(S*T)(% z).

(2) Xét quan hé mo R € F(U x V) va hai quan hé¢ mo Sy, 5o € F(VxW).
Ta sé chiing minh R (S1NS) = (R+xS1)N(R*Sy). V6i moi x € Uyw € W
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ta co:

HRx(S1NS2) (LU, w) - /\ [MR(xa y) \ (:LLSl (yv w) A MSQ(Z% w))]
yeV

= /\ [(,LLR(m,y) V /le(y, U))) A (NR(xu y) v (/’LSQ(y7 w))]
yeV

= N ln(ey) Vs, (0l A lin(ey) V (ns (v, )
yeV yeV

= HRxS; (gj? w) N\ LRxSs (SU, w)

= M(R*Sl)m(R*Sg)(l’, w).

Vay R x (Sl N SQ) = (R*Sl) N (R*Sg)

2.3 Cac tinh chat co ban cta quan hé mo

Cho U 1a mot tap hop bat ky va quan hé mo R € F(U?). Ta néi

(1) R c6 tinh phdn ra néu

pr(r,r) =1,Vr € U.
(2) R c6 tinh phdn phdn za néu

pr(z,x) =0,Vr € U.
(3) R c6 tinh doi ziing néu

pr(r,y) = pr(y, ), Ve,y € U.

(4) R c6 tinh phdn doi xing néu
pr(z,y) 7 pr(Y, ©) hodc pr(r,y) = pr(y, z) = 0,Ve,y € U,z # y.
(5) R cb tinh bdc cau min-maz néu

pr(z,2) = \/ [ue(z,y) A pr(y, 2)] Ve, z € U.
yelU
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(6) R c6 tinh bic cau tich-mazx néu

/LR(QZ,Z) = \/ [MR(xay)':uR(yaz)] Va,z e U
yeU

(6) R c6 tinh bac cau maz-min neu

pr(x,2) < N\ lur(@,y) vV pr(y, 2)] Vo, z € U.
yelU

Nhu vay theo dinh nghia ctia phép hop thanh min-max, quan hé mo
R c6 tinh bac cau min-max néu va chi néu pg(z,2) > pror(r, z) véi moi
z,z € U hay R O Ro R. Tuong tu nhu viy quan hé R c¢6 tinh bac cau
tich-max néu va chi néu R O Re R va R ¢6 tinh bic cau max-min néu va

chi néu R C R+ R.
Vi duy 2.8. Cho U = {z1, 19, 23}. Xét quan hé md R € F(U?) nhu sau:

1 0 0.5
R=10 1 02
05 02 1

Dé thdy R c6 tinh phan xa, déi xtmg nhung khong cé tinh phan déi
xing.
Xét quan hé mo S € F(U?) la:

Ta c6 S c6 tinh phan phan xa, phan déi xting nhung khong cé tinh doi
xing.
Vi du 2.9. Cho a,b € R™, @ # b vd quan hé¢ mo R € F((R})?) v6i ham
thudc xac dinh bdi pg(z,y) = e~ (@),

Dé thay ug(z,z) # 1 nén R khong cé tinh phan xa. Hon nita ta c6

pr(z,y) = prly, ) < e~ @) — o~ (ay+bs)
& ax +by = ay + bx
©(a=b)x—-y)=0
sr=y.
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Suy ra R c6 tinh phan déi xttng nhung khong cé tinh déi xing.

Vi du 2.10. Cho k 1a mot sb nguyén duong va quan hé mo R € F(N?) véi
ham thudc xac dinh béi pgp(z,y) = e~ka=y)*

—k(z—2)* _ 1 v4i moi x € N, suy ra R ¢ tinh phéan

Ta ¢b pp(z,x) = e
xa. Hon nita R cling c6 tinh déi xtng vi pug(x,y) = e~k@=y)® = o—kly-2)* =

tr(y, ) v6i moi x,y € N. Tuy nhién R khoéng c6 tinh bic cau min-max vi:

pror(0,2) \/ pr(0,y) A pr(y, 2)]
Y=

—(1Ae Y vieFae ) vieP A V(e P Ae ) v
—evetveFve Fy...

= e_k

va do do
pr(0,2) = e < e = 1por(0,2).

Vi duy 2.11. Xét quan hé mo R trén tap U = {1, z9, x3, x4} nhu sau:

03 0 0 06
|03 03 0 06
=103 03 0.3 06
0O 0 0 0
Ta cod
03 0 0 03
03 03 0 03
RolR=103 03 03 03
0O 0 0 0
009 0 0 018
0.09 0.09 0 0.18
Rel=1009 0.09 009 0.18
O 0 0 0
va
03 03 0 06
0.3 03 0.3 0.6
RxR=103 03 03 06
0O 0 0 0
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Suyra RoRC R, Re RC Rva R C R+ R. Do d6 R cé tinh béc cau
min-max, tinh bac cau tich-max va tinh bic cau max-min.

Quan hé md c6 nhitng tinh chat co ban sau

Ménh dé 2.4. Cho quan hé mo R € F(U?). Khi dé
(1) Néu R c6 tinh phdn za thi Ro R va Re R cing cé tinh phdn za.
(2) Néu R c6 tinh doi ziing thi Ro R va R e R ciing c¢é tinh doi xing.

(3) Néu R c6 tinh phdn za va bdc cauw min-maz (tuong 1ing tich-maz)
thi Ro R = R (tuong ing Re R=R).

Chiing minh. (1) Stt dung tinh phan xa ctia quan hé mo R ta co:

Vo € U, pror(z,x) = \/ [r(z,y) A pr(y, )]
yelU

> up(z,x) A pr(z,z) (chon y = x)
= 1.

Suy ra ppor(z,x) = 1. Do d6 quan hé m& R o R ¢6 tinh phan xa.
Chiing minh hoan toan tuong tu quan hé mo R e R cing c6 tinh phan
Xa.

(2) Van dung tinh ddi xtmg ctia quan hé md R ta co:

Va,y € U, pror(r,y) = \/ [ur(z, 2) A pr(z,y)]
zeU

= \/ (r(z, ) A pry, 2)]

zeU

= :U’ROR(y7 5[,')

Suy ra quan hé mo R o R c6 tinh déi xiing.
Chitng minh hoan toan tuong tu quan hé md R e R cling c6 tinh dbi
xing.

(3) Theo tinh phén xa ctia quan hé md R ta co:

Va,y € U, unor(z,y) = \/ [ur(w, 2) A pr(z,y)]

zeU
> pr(z, ) A pr(z,y) (chon z = )
= MR(ZU,y)
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Suy ra Ro R D R. Ngoai ra theo gia thiét quan hé md R cé tinh bac
cau min-max nén R O Ro R. Nhu viy Ro R = R.
Chiing minh hoan toan tuong tu ching ta cting c6 R e R = R. ]

Ménh dé 2.5. Cho quan hé mo R € F(U?). Khi dé
(1) Néu R c6 tinh phdn phdn za thi Rx R cing ¢ tinh phdn phdn zq.
(2) Néu R c6 tinh doi ziing thi Rx R ciing 6 tinh doi zing.
(8) Néu R c6 tinh phdn phdn za va bic cau maz-min thi R R = R.

Chiing minh. (1) Van dung tinh phan phan xa ciia quan hé ms R ta cé:

Vo € U, prer(e, @) = J\ lur(e,y) V pr(y, )]
yelU

< pgr(x,z)V pr(z,x) (chon y = z)
=0

Suy ra pre«r(7,2) = 0. Diéu ndy c6 nghia quan hé md R+ R ¢6 tinh
phén phéan xa.

(2) St dung tinh ddi xting clia quan hé md R ta co:

Va,y € U, prer(z,y) = )\ [nr(z,2) V pr(z,y)]
zeU

= /\ r(z, )V pr(y, 2)]

zeU
= prer(Y, T).

Do d6 quan hé mo R « R c6 tinh déi xting.
(3) Van dung tinh phén phan xa ciia quan hé ms R ta cé:

Va,y € U, prer(z,y) = )\ [ur(z, 2) V pr(z,y))
zeU

< pr(z,2) V pgr(z,y) (chon z = x)
- MR(m’y)'

Suy ra R+ R C R. Mat khéc theo gid thiét R C R« R. Nhu viy ching
ta thu dugc R+ R = R. ]
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2.4 Bao déng béac cau
2.4.1 Bao déng bac cau min-max
Xét quan hé md R € F(U?). Véi s6 nguyén duong k € N*, ta dit

RF=RoRo---oR
klan R

va

Luac d6 quan hé mo ReF (U?) ¢6 cdc tinh chat sau
Ménh dé 2.6. R la quan hé mo nhé nhat chia R va cd tinh bic cau min-max.

Chiing minh. RO RIATS rang. Hon nita phép hgp thanh min-max c6 tinh
phan phdi déi véi phép hop nén

RoR=(RUR*UR*U---)o(RUR*UR*U---)
= RPUR*UR'U--.
CRUR*UR*UR'U- -
= R.

Suy ra RoRC E, va do d6 quan hé mo R ¢6 tinh bic cAu min-max.
Bay gid ldy mot quan hé md bat ky cé tinh bac cau min-max S € F(U?)
saocho S D R.Khidbé S D SoS D RoR = R2. Béng qui nap theo 3 < k € N,

o0 ~ ~

dé dang suy ra dugec S D RF, va do d6 S O |J R¥ = R. Nhu viy R 1a quan
k=1

hé md ¢6 tinh bac cau min-max nhé nhat trén U va chta R. ]

Ménh dé 2.6 c¢6 nghia ching ta c6 thé xiy dung mot quan hé md cé tinh
bac cau min-max tit mot quan hé md bat ky. Quan hé ms R duge xay dung
nhu trén duge goi 1a bao déng bdc cau min-maz cia R.

Bao déng bac cau min-max nay c¢6 mot sé tinh chat co ban khac.
Ménh dé 2.7. Néu RF = RM vwéi mot s6 nguyén duong k ndo dd thi
R=RUR*U---URF.
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Chiing minh. D& thay néu R* = R*! v6i moi k € N*, thi R¥ = R¥* v6i moi
1 € N. Tu day suy ra:

R=RUR*U---URFURFIURM2U...
—RUR’U---UR*UR*URFU--.
— RUR*U---URF,

[]
Ménh dé 2.8. Néu R la mét quan hé mo trén tip hidu han U ¢6 n phan ti
N n
thi R= |J R".
k=1

Vi du 2.12. Xét quan hé md R trén tap httu han U = {x1, 29, x3} nhu sau:

0.1 0.2 0.5
R=104 1 0.3
0 0 O

Ta c6
0.2 0.2 0.2 0.2 0.2 0.2
R*=(04 1 04), R=(04 1 04
0 0 0 0 0 0

Suy ra

/02 02 05
R=(04 1 04
0 0 0

2.4.2 Bao déng bac cau tich-max

Xét quan hé mo R € F(U?). Véi s6 nguyén duong k € N*, ta dat

klan R
va
) o0,
R:UM
k=1

Quan hé mo R c6 cac tinh chat sau
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Ménh dé 2.9. Quan hé mo R ¢6 tinh bdc cau tich-max nhé nhét trén U va
chia R.

Ching minh. RO RIato rang. Phép hop thanh tich-max c6 tinh phan phéi
déi v6i phép hgp nén:
ReR=(RUR*UR*U---)e (RUR*UR’U---)
=R*UR°UR'U---

CRUR*URUR'U---
- R.
Suy ra ReRC ﬁ, va do d6 quan hé mo R c6 tinh bic cau tich-max.
Ngoai ra néu S 1a mét quan hé mo trén U ¢6 tinh bac cau tich-max va
SDOR,thi SO SeS D ReR=R? Tu day bang qui nap theo 3 < k € N,
dé dang suy ra dusc S D RF, va do d6 S D |JR¥ = R. Vay R la quan hé

k=1
mo ¢6 tinh bac cau tich-max nhoé nhat trén U va chita R. []

Ménh dé 2.9 cling cé nghia ching ta c¢6 thé xdy dung mot quan hé mo

c¢6 tinh bac cau tich-max tit mot quan hé ma bat ky. Quan hé ms R nhu trén
duoc goi 1 bao déng bdc cau tich-maz cia R.

[ ]
Bao déng bac cau tich-max R ciing c6 cac tinh chat co ban khic nhu
sau

Ménh d& 2.10. Néu R¥ = R*! v6i mot s6 k € N* thi R= RUR?U R3 U
..U RF.
Chiing minh ctia Ménh dé 2.10 hoan toan tuong tu nhu Ménh dé 2.7.

Ménh dé 2.11. Néu R la mét quan hé md trén tap hiu han U ¢é n phan tid

Soon .
thi R = |J R".

k=1

Vi du 2.13. Xét quan hé md R trén tap httu han U = {1, x5, 3} nhu sau:

10 1
R=111 0.6
00 O

o6



Ta cb

Suy ra

e /101
R=[111
000

2.4.3 Bao déng bac cau max-min

Xét quan hé mo R € F(U?). V6i s6 nguyén duong k € N*, ta dat

RF=RxRx---xR
klanR

va
Vv X =
R=[\R"
k=1
\/ z
Quan hé mo R c¢6 tinh chat thu vi sau

-~ \/ <z N Z
Ménh dé 2.12. Quan hé mo R co tinh bac cau max-min lon nhat va chia
trong R.

Y
Ching minh. R C R 13 hién nhién. Phép hop thanh max-min c¢é tinh phan
phédi déi véi phép giao nén:
V V * * * *
R+«R=(RNR*NR*N--)x(RNR*NR*N---)
=RNR*NR*n---
DRNR*NR*NR*N---

V

R.

VooV Vv Vv L .
Suy ra R+« R O R, va do d6 quan hé m6 R ¢6 tinh bac cau max-min

chita trong R.
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Ngoai ta néu S 1a mot quan hé md trén U cé tinh bic cau max-min va
SCR,thhSCSxSC RxR= R2 Tu’day va bang qui nap theo3 <keN,

dé dang suy ra dugc S C Rk Do d6 S C ﬂ Rk R Nhu vay R la quan hé
k=1

md ¢6 tinh bic cau max-min 16n nhat va chta trong R. ]
Ménh dé 2.12 ¢6 nghia ching ta c6 thé xdy dung mot quan hé c6 tinh

Y, X . \ A A N A N A N v A .
bac cau max-min tt mot quan hé mo bat ky. Quan hé md R trén dudc goi
14 bao dong bic cau maz-min clia R.

Z, ~ \/ e
Bao déng bac cau max-min R ctung c6 cac tinh chat co ban sau.

*

Ménh dé 2.13. Néu Rk RkH voi mot k € N* thi R RHR2ﬂR3ﬁ ﬂRk

Chitng minh ctia Ménh dé 2.13 hoan toan tuong tu nhu Ménh dé 2.7.
Ménh dé 2.14. Néu R ld mét quan hé mo trén tap hiu han U ¢é n phan tid

\Y n *
thi R= () RF.
k=1

Vi du 2.14. Xét quan hé md R trén tap httu han U = {1, z9, 3} nhu sau:

0.1 0.2 0.5
R=(04 1 0.3
0 0 O

Ta ¢co

\ 0.1 0.2 0.3 . 0.1 0.2 0.3
R>=10.3 0.3 03], R3=10.3 03 0.3
0 0 0 0 0 0

Suy ra
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2.5 Quan hé th& tv mo

Xét quan hé md R € F(U?). Quan hé R dugc goi 1a quan hé tién thit tu mo
(fuzzy preorder relation) néu R c6 tinh phan xa va bac cau min-max.

Nhu viy R 1a quan hé tién th tu md néu va chi néu
Ve € U, pg(x,x) =1va Ro R=R.
Hon nita néu R 14 quan hé tién thit tu md thi
R=R)=—...—RF=—...— R
Vi du 2.15. Xét quan hé mS R trén tap sd tu nhién N nhu sau:
ur(z,y) = o klz—y)?

v6i k 1a mot sé nguyén duong cho trude.
Ta da biét R c6 tinh phan xa. Tuy nhién R khéng c6 tinh bic cau
min-max, do d6 R khong phai 1a quan hé tién tht tu md.

Vi du 2.16. Xét quan hé mo R trén tap U = {x1, 9, x3} nhu sau:

1 0.5 0.3
R=10 1 0.1].
0 0 1

Dé thiy R c6 tinh phan xa. Hon nita

1 0.5 0.3
RoR=10 1 01])=R.
0 0 1

Nhu vdy R 1a mot quan hé tien thit tu md.

Truong hop néu quan hé md R ¢6 tinh phan xa, phan déi xing va bac
cau min-max thi R dudc goi 1& quan hé thit tu mo (fuzzy order relation).

Nhu vy mot quan hé tht tu md khi va chi khi né 14 mot quan hé tien
thit tu md va c¢é thém tinh phan déi xtng.

Chéng han véi quan hé mo R & Vi du 2.15, R khong phai 14 mot quan
hé tht tu md vi né khong phéi quan hé tién tht tu ms. Tuy nhién v6i quan
hé md R & Vi du 2.16, ta c6 R 1a quan hé tién thi tu md va ngoai ra R ¢
thém tinh phan déi xtng nén R 13 mot quan hé thit tu md.
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2.6 Quan hé tudng tu mao

Dé biéu dién ¥ tudng ctia su gan nhau, su gibng nhau ctia cac ddi tuong ngusi
ta dung cac quan hé md dac biét thda man ba tinh chat phan xa, déi xiing va
bic cau min-max. Day 14 quan hé md rong clia quan hé tuong duong thong
thuong da biét, quan hé md nay cé vai trd quan trong trong viéc xdy dung
mo hinh CSDL quan hé mo.

Quan hé¢ mo R € F(U) duge goi 1a quan hé giong nhau mo néu R cé
tinh phan xa va tinh d6i xtng. Trudng hop quan hé md R 14 quan hé giéng
nhau md thi R duge goi 1& quan hé khong giong nhau mdo, tic 14 R cé tinh
phan phan xa va tinh déi xtmg. Quan hé md R dudc goi 1& quan hé tuong tu
mo néu R ¢ tinh phan xa, tinh dbi xting va tinh bac cau min-max. Trudng
hop néu quan hé md R 14 quan hé mo tuong tu thi R dude goi 1a quan hé
khong tuong tu mo, tic 13 R c6 tinh phan phan xa, tinh dbi xtmg va tinh bac
cau min-max.

Vi du 2.17. Xét quan hé mo R trén tap U = {z1, x2, 3} nhu sau:

1 020
R=102 1 0
0 0 1

Dé kiém chtng dude quan hé md R cé tinh phan xa, tinh d6i xtmg va
tinh bac cau min-max. Suy ra R 13 mot quan hé tuong tu mo.

Vi du 2.18. Xét R 1a mot quan hé mo trén tap s6 tu nhién N xéc dinh béi
pr(z,y) = @0,

Ta c6 R c6 tinh phan xa va tinh ddi xitng nén R 1a mot quan hé giéng
nhau md. Tuy nhién R khéng cé tinh bac cau min-max, vi up(0,2) = e* #
e ! = 1iror(0,2), do d6 R khong phai 1a quan hé tuong tu mo.

2.7 Nguyén ly m& rong

Nguyén ly mé rong (extension principle) la mot trong nhitng cdng cu quan
trong cia Iy thuyét tdp mo. Nguyén 1y nay cho phép ching ta x4c dinh anh
cua mot tdp md qua mot anh xa.

Cho U va V 1a hai tdp hop bat ky. Xét 4nh xa f : U — V va tdp mo
Ae F(U). Anh ctia tdp mo A qua 4nh xa f 14 mot tdp md B = f(A) e F(V)
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xac dinh bai:

0 ngudc lai

pp(y) = {\/f’fefl(y) pa(r) néu f~l(y) #0

6 day f'(y) ={z eU: f(z) =y}
Vi du 2.19. Cho U =10,1,2,3,4} va anh xa f : U — U xac dinh nhu sau:

f(az)—{%c néu r < 2

xr  ngudc lai.

Ta ¢co

F7H0)={0}, f7H(1) = 0,71 2) = {1}, /71 (3) = {3}, f1(4) = {2,4}.
Khi d6 véi tdp mo A € F(U) nhu sau:

A 1 01 05 0 1
—6—|— T+ 7+§—|— Z

thi anh ctia A qua anh xa f 1a tdp mo B € F(U) xac dinh béi:

B 1 0 01 0 1
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Bai tap

-m)

Cau 2.1. Chitng minh Ménh de 2.8.

Cau 2.2. Chiing minh Ménh dé 2.11.
Cau 2.3. Chitng minh Ménh dé 2.14.
Cau 2.4. Chiitng minh ménh dé 2.15.
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Chuong 3
Logic m¢

Logic ¢6 dién 1& mét khoa hoc chuyén nghién citu vé su suy ludn chinh xéc.
Cung v6i ngdn ngit, logic 1a phuong tién ciing nhu cong cu dé con ngudi hiéu
biét va trao doi tu tudng véi nhau. Logic ra doi va phat trién cling voi triét
hoc va toan hoc. T thé ky 4 trude cong nguyén, Aristote da sang lap ra
logic truyen théng. Vao thé ky 17, Leibnitz dua todn hoc vao logic gitp dién
dat 16 rang va ngan gon qué trinh tu duy. Pén thé ky 19, George Boole dua
ngdédn ngit ky hiéu vao logic. Tu day chung ta c6 dudgce logic ky hiéu hay con
goi logic toan'.

Logic md 1a mot mé rong ctia logic co dién, duge J. A. Goguen gidi thiéu
vao nam 1969. Sau d6é nam 1976 L. A. Zadeh st dung logic md cho 1ap luan
xap xi. D6 1a nhitng 1ap ludn dua trén nhitng tri thitc khong chinh xéc, nhitng
tri thitc ma céc dic trung ctng nhic la khong c¢é ¥ nghia, dic biét nhing
ddc trung duge dién dat trong ngdén ngt tu nhién. Vi vy mdé rong logic mo
dude xem mdt céch tiép can cho 14p ludn clia con ngudi.

3.1 Bién ngodn ngit

3.1.1 Dinh nghia

Xét mot bién vat 1y, chang han bién “nhiét d6”. R6 rang bién niy c6 thé nhan
cac gid tri s6 nhu 10°C, 20°C, 100°C, . . . Tuy nhién trong dsi song hang ngay,
d6i khi ching ta khong thé biét dude chinh xéc gid tri ctia bién “nhiét do”
ma ching ta chi c¢6 dudce thong tin nhu “khoang 10°C” hay “khoing 18°C
cho dén 20°C” hay tham chi nhu “nhiét do thap”, “nhiét do cao”... Khi dé6
ching ta cé thé xem bién “nhiét do” 1ay cac tit nhu “khoang”, “thap”, “cao”
lam gi4 tri ctia né. Mot bién ma né nhan céc tit hodc cau trong ngdn ngit
tir nhién lam gid tri thi bién nhu vAy dudce goi 14 bién ngdn ngit (linguistic
variable) va cdc tit nhu “khoang”, “thap”, “cao” dudc goi 1a gid tri ngon ngit
(linguistic value). Tém lai bién ngdn ngit 1a bién diing dé mé hinh héa nhiing
tri thttc khong chinh x4c hay mo hd vé mot bién ma gia tri chinh xéc c6 thé
chuta biét. Khai niém bién ngdn ngit nay dude L. A. Zadeh dua ra nam 1973.

! Ciing con goi 1a toan hoc ciia logic, thudng duge hiéu bao gom céc nganh con nhu 1y thuyét mé hinh, Iy thuyét
chting minh, 1y thuyét tap hop va ly thuyét dé quy.
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Dinh nghia hinh thtc ctia né la nhu sau.

Mot bién ngon ngt 1a mdt bo bon (X, T, U, M) trong do:

e X la tén bién,

e T la tap cac gid tri ngon ngd cia X,

e U 1a tap vii tru (hitu han hodc vd han) tham chiéu cho X,

e M 13 cic ludt ngt nghia (semantic rule) nham anh xa moi gid tri ngon
ngtt ¢t € T thanh mot s6 ma trén U.

Nhu vAy bién ngdén ngit 1a bién c6 thé nhan gid tri 1a céc tip mo 15i
chuan héa trén mét mién nao dé. Dé don gidn bo bén (X, T, U, M) con dudc
goi 1a bién ngon ngt X.

Vi du 3.1. Xét mot bién ngoén ngit mo6 ta vé tudi nhu sauw: (X, T, U, M),
trong do

X = tuds,

T = {tré, trung nién, gia},

U =10, 120],

M 4nh xa cic gi4 tri ngon ngit trong T’ thanh cic s6 md trén U véi ham
thudc tuong ting la:

1 néu x < 20
1 ,
neu 20 < x < 60
,Utré(x) = 9 r — 20
1
+ 15
\O néu z > 60
r ’
0 neu r < 20
1 )
neu 20 < x < 40
. xz — 20
+ 5)
Htrung m'én(x) =41 néeu 40 < x < 60
1 )
neu 60 < x < 80
. x — 60
+ 5
\O néu x > 80
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0 néu z < 40
1 )
neu 40 < x < 80
fgia(T) = 4 T — 40
1
+ 10
1 néu x > 80

\
Sau day 1a do thi vé cdc sO mo bieu dién cdc gid tri ngdn ngi “tré”,
“trung nién” va “gia”.
oA

ire frung nién gia

0 ¢ 1 1 1 i >
20 40 60 50 100 rudi

Nhu vy tudi la mot bién ngdn ngit trén U dudge dic trung béi tap céc
s6 mo T
Vi du 3.2. Xét mot bién ngoén ngit mo ta do rong ctia mot can ho (X, T, U, M)
trong do:

X = dién tich,

T = {rat nhé, nhé, trung binh, lén, rat lén},

U 1a tap céc sb nguyén duong N* va

M 4nh xa céc gia tri ngdn ngit trong 7' thanh cdc s6 md trén U, dudc
cho qua do thi cic s6 md dac trung cho bién ngdn ngit “dién tich™:

65



dién tich «—  bién ngén ngir

gid tri ngén ngit

R bt nhs nhé trung binh I6m réit Iom
-—
J ludt
1 ngir
= nghia
0.7
g
gioi
0.25 han
meor
>
0 5052 60 80 90 110 120 X

Nhu viy dién tich 1a mot bién ngon ngit trén U duge dic trung béi cac
s6 m& trong 7. Tit do thi s6 md dic trung cho bién ngdn ngtt dién tich, néu
ta gid st can ho cé dién tich chinh xac 52m? thi né dudc xem 1a can hd nho
v6i d6 thude 0.7, va cling ¢6 thé xem 13 cdn ho trung binh véi do thudc 0.25.
Ngoai ra khi can xdc dinh chinh xdc mot dién tich thi ching ta c6 thé dua
vao T mot tAp mS mot phan tit ching han 85m2. Khi dé tap T trd thanh
T = {rdt nhé, nhé, trung binh, 85m?, ldn, rat lén}.

Nhu vay tuy theo muc dich @ng dung ctia bién ngon ngtt X, tip T co
thé gébm nhiéu hay it phan tit. Khi tdp T cang nhiéu phan t thi viéc mo ta
X cang min, ngudgc lai thi mo ta nay cang tho.

3.1.2 Hang t& md va gia t& md

Cho bién ngon ngit (X, T, U, M). Céc gid tri ngoén ngit trong T con duge goi
1a hang tw ngon ngw mo hay gon hon hang ti mo (fuzzy term).

Chang han cdc gid tri ngén ngtt nhu tré, trung nién, gid trong Vi du 3.1
14 céc hang tit mo. Cac hang tit mo nay con dudce hiéu 1 cdc hang tw mo
don (simple fuzzy term). V6i mdi hang tit md don, chiing ta c6 thé xay dung
thém nhimg dic trung trung gian méi cho bién ngén ngit X nham dé ting
cuong hodc gidm nhe cic tinh chit ma cdc hang tit md don da mé ta. Chang
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han v6i hang tit m& ¢ré ta mubén nhan manh tinh chat tré bang cach thém tro
tit rat (very) dé c6 duge mo ta rat tré hodc giam nhe tinh chét tré bang cich
thém trg tit i nhicu (more or less) dé c6 dude mo ta it nhicu la tré. Nhitng
hang tit mo sau khi c¢6 thém su tang cuong hay gidm nhe nhu vay dugce goi
13 hang tir m¢ stta doi (modified fuzzy term). Con nhitng trg tit lam bién doi
mitc do dac trung cua cac hang tt mo dudce goi la cac gia t mo ngon ngu
hay gon hon gia t¢ mo (fuzzy hedge). Nhu vay nhitng déc trung ding dé mo
ta bién ngoén ngt X sé gom nhitng hang tit md don trong 7' ho#c 1a nhiing
hang tit mo sita doi.

Gia tit ngoén ngtt lam ting cudng tinh chat dic trung clia hang tit mo
dugce goi la cac gia tu thu hep, ngudce lai cac gia tit ¢6 tinh giam nhe cac tinh
chat diic trung cta hang titr m& dude goi 13 gia t& md rong. Ching han gia
t rat ddi v6i cac hang tit mo ctia bién ngdn ngit tuoi 1 cic gia tit thu hep,
con gia tit 7t nhicu 1a gia t md rong.

3.2 Ménh d& mg

Nhu da gi6i thitu 6 dau chuong, logic md 14 su mé rong cta logic ¢ dién
trong d6 cdc ménh dé ré6 dude thay bang cdc ménh dé mo. Ménh dé mo (fuzzy
proposition) 1& mdt phat biéu c6 ham chén tri nhan gia tri trén [0,1] phu
thudc vao mitc dé ding clia phat bidu. Chang han cdc ménh dé nhu “t6c do
1& chdm”, “nhiét do 1a cao”, “4p suat 1a thap”, ... 1o cdc ménh dé md.

Nhu vay 16 rang ménh dé md 14 sut mé rong ciia ménh dé 16, dé 1a ham
chan tri ctia ménh dé khong chi nhan gia tri trong tap {0, 1} ma la trén doan
0, 1]. C6 nhiéu loai ménh dé md. Muc nay sé gi6i thiéu cdc loai ménh dé mo
sau: ménh dé mo khong dicu kién va khong dinh tinh, ménh dé md khong
dieu kién va dinh tinh, ménh dé mo diéu kién khong dinh tinh va ménh dé
md diéu kién va dinh tinh. Trong dé hai ménh dé md cé diéu kién dudgc xay
dung dua trén khai niém kéo theo md. Do d6 ching ta sé tim hiéu phép kéo
theo md truée cdc ménh dé md cé diéu kién nay.

3.2.1 Ménh dé m& khong diéu kién va khong dinh tinh

Ménh dée mo khong dieu kién va khéng dinh tinh? (unconditional and unqualified
fuzzy propositions) 1a phét biéu c6 dang chuan (canonical) nhu sau

2Khéng dinh tinh § day dugc hiéu 13 khéng gisi han chan 1y.
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p:Xlat

trong d6 X 1a bién ngon ngtt va ¢ 1a mot gid tri ngdn ngit ctia X.

Theo dinh nghia bién ngén ngit ¢ trén, gid tri ngoén ngit ¢ duse mo ta
bdi mot s6 md A trén tap tham chiéu U. Do d6 ménh dé md con c¢é thé phét
biéu tuong duong lai 1a

p: X1laA

trong d6 X 1a bién ngoén ngit va A 1a mot s6 mo trén U. Khi X nhéan gid tri
cu thé z € U thi gid tri chdn lyj ctia ménh dé md p xac dinh béi ham:

T(p) = pa(z).

Diéu nay cé nghia gid tri chan 1y ctia ménh dé md “p : z 1a A” 1a mic
do6 phu thudc ctia = vao tap mo 16i chuan héa A.
Vi du 3.3. Xét ménh dé mS “p : nhiét do 14 cao”. Gid st tip mo A =

"nhiét do cao” trén tap tham chiéu U = [0,120] (°C)) cho béi d6 thi ham
thudc sau véi pa(85) = 0.75:

Khi d6 ménh d& m& “nhiét do 14 85” c6 gid tri chan 1y 1 0.75.

Nhu vay mic do ding cta p phu thudc vao gia tri thuc cia nhiét do va
dinh nghia cho truéc ctia tdp mdo “nhiét do cao”. Vai tro cua ham 7' la cung
cap cho chiing ta “cau néi” gitta cdc tdp md va cdc ménh dé mo.

3.2.2 Ménh dé m& khong diéu kién va dinh tinh

Ménh dé mo khong dieu kién va dinh tinh® (unconditional and qualified
propositions) 1a ménh dé cé dang chuan 13

p:(XlaAlar

3Pinh tinh & day dugc hiéu 13 c6 gidi han chan ly.
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trong dé X 1a bién ngdn ngit, A 1a s6 md trén tap vi tru U va 7 1 tit dinh
tinh mo (tic 14 phép gidi han chan 1y md) nhu: hoan todn sai (HS), rat sai
(RS), sai (S), khd sai (KS) hay 1a khd ding (KD), ding (D), rat ding (RD),
hodn todan ding (HP). Tt dinh tinh 7 1a mot tap md trén [0, 1] nhu hinh vé
sau:

HS HD

Gid tri chan Iy ciia ménh dé p xac dinh béi ham:

T(p) = pr(pa(z))

khi X nhéan gié tri cu thé z € U.

Vi du 3.4. Xét ménh dé mo “p :Tom tré la rat ding”, véi cdc ham thudc
tré u; (t = A) va ham thudc rat ding urp (RD = 7) cho bdi nhu sau:
e Hro

1 1
0.87

Y {1

26 50 tudi 0 087 1 1

Khi d6 ménh dé mo “p: Tom 26 tudi 1a rat ding” cb gid tri chan 1y 1a
T(p) = ,uRp(,ut(26)) = ,UJRj)(()87) = (.76.

Dé thay cdc ménh dé md khong dinh tinh 1a mot truong hop dic biét
clia ménh dé md dinh tinh v6i tit dinh tinh 7 13 ding (D), béi vi véi tdp mo
ding (D) ta ludn ¢6 p- (1) = p nén T(p) = pr(pa(x)) = pa(x).
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3.2.3 Kéo theo ma

3.2.3.1 Khai niém

Kéo theo md (fuzzy implication) la mot sut mé rong clia kéo theo co dién khi
han ché gi4 tri chan 1y vao tap {0,1}. Kéo theo md déng vai tro quan trong
trong biéu dién tri thitc ciing nhu 1ap ludn xap xi. Tuy vdy ching ta phai
hiéu khéng cé mot rang budc cting nhac ve dinh nghia kép theo md, béi ban
chéat ngit nghia kéo theo mé trong ngdn ngit tu nhién hay trong lap ludn cia
con ngudi 1a rat phtic tap. Chinh vi vy cho dén nay da c6 nhiéu céch tiép
can dé xac dinh kéo theo md.

Kéo theo mo 1a mot ham hai bién I:[0, 1]x[0, 1] — [0, 1], v6i ¥ nghia néu
a va b 1a cdc gia tri chan 1y tuong tng clia hai ménh dé md p va ¢ nao dé thi
I(a,b) sé cho ta gid tri chan 1y clia ménh dé kéo theo md p = ¢.

Ménh dé kéo theo md p = ¢ con dude viét lai 1a “Néu p thi ¢”. Céch
viét nhu thé nay dude goi 1a ludt néu-thi ms. Chiang han cdc phét bidu sau:

Néu “nhiét do cao” thi “4p suat 16n”,

Néu “téc dd nhanh” th? “ma sat 16n”
1 cac ludt néu-thi mo.

Sau day 1a mot s6 kéo theo md da dude dé xuat.

(1) Kéo theo mo Kleene-Dienes:

Iy(a,b) = max(1 — a,b), Va,b € [0,1].

(2) Kéo theo mo Mamdani:

I(a,b) = min(a,b), Va,b € [0, 1].

Kéo theo m& nay dudc st dung rong rai trong céc tng dung, nhat 1
trong hé mo.
(3) Kéo theo mo Reichenbach:

I.(a,b) =1—a+ ab, Va,b € [0,1].

(4) Kéo theo mo Lukasiewicz:

I.(a,b) = min(1,1 —a +b), Va,b € [0,1].
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(5) Kéo theo mo Goguen:

b
IGoguen(a,b) = min(1, g), Va,b € [0, 1].

(6) Kéo theo mo Gaines-Rescher:

1 néua<b
Igr(a,b) = ~, VYa,be[0,1].
0 ngudc lai

(7) Kéo theo mo Godel:

1 néua<b
Icodei(a,b) = sup{z : min(a,z) < b} = He @ = , Va,b € [0,1].
b ngudc lai
(8) Kéo theo mo Wu:
1 néua <b
Iw(a,b) = , Va,b € [0,1].
min(1l — a,b) ngudc lai

3.2.3.2 Tiép can theo tién dé

Bay gio chting ta tim hiéu mot s6 diéu kién ctia ham kéo theo md va xem
ching nhu 1a céc tién dé ctia ham kéo theo md. Tuy nhién nhu ching ta da
biét ngit nghia ctia kéo theo m& trong ngdn ngtt tu nhién hay lap luan cta
con ngudi 1a rat phic tap, do dé khé cé thé xdy dung dudc mot hé tién deé
di cho moi tinh hudéng. Chi c¢é ting dung thuc tién 1a tiéu chuan cudi cling
chiing minh tinh phu hop ctia mét dinh nghia kéo theo md. Vi vay céac tién
dé sau khéng nhat thiét bat budc moi kéo theo md phai théa man.

(11) Tinh don diéu gidm dbi véi bién tién dé

a<c=I(a,b) > I(c,b), Vb€ [0,1].

Tién dé nay c6 nghia: gid tri chan 1y ctla ménh dé kéo theo md tang khi
gid tri chan 1y cla tién dé giam.
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(12) Tinh don diéu ting déi véi bién hiu dé

b<d= I(a,b) <I(a,d), VYa € |0,1].

Gia tri chan 1y ctia ménh deé kéo theo md tang khi gié tri chan 1y ciia hau
deé tang.

(13) Tinh uu thé cda gia tri chdn ly sai

1(0,6) = 1.

Ménh dé kéo theo md luon diung khi gid tri chan 1y cia tién dé sai.
(14) Tinh trung tinh cda gia tri chan ly ding
I(1,b) = 0.
Gia tri chan 1y ctia ménh dé kéo theo md bang gid tri chan 1y cta hau dé
khi tién dé ding.

(15) Tinh déng nhat

I(a,a) =1.
Gid tri chan 1y ctia ménh deé kéo theo md ludn ding khi gid tri chan 1y ctia
tien dé va hau dé 1a gidng nhau.

(17) Tinh thir tu

I(a,b) =1<a <hb.

(16) Tinh trao doi

I(a,I(b,c)) =1(b,1(a,c)).
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(18) Tinh phan dao

I(a,b) = I(N(b), N(a)), 6 day N I3 ham phi dinh.

(19) Tinh lién tuc

I la mét ham lién tuc.

Dam bdo thay d6i nhd & gid tri chan 1y cta tién dé hay hiu dé khong
lam thay ddi 16n & gia tri chan 1y ctia ménh dé kéo theo md.

Theo mdt quan diém nao dé, tién dé (19) 1a mot yéu cau tu nhién. Tuy
nhién nhidu kéo theo m& da biét khong thoa tinh lién tuc nay, ching han kéo
theo md Godel hay Goguen.

Két qua sau 1a mot diéu kién can va di dé mot kéo theo md thoéa cac
tién de tir (I11) dén (19).

Dinh ly 3.1 (Smets & Magres, 1987). Ham hai bién I:[0,1]x[0,1] — [0, 1]
théa cdc tién de (I1)-(19) ve kéo theo mo néu va chi néu ton tai mot ham
lién tuc don diéu tang nghiém ngat f : [0,1] — [0, +00)sao cho

(i) f(0) =0

(ii) I(a,b) = f~1(f(1) — f(a) + f (D)), Ya,b € [0, 1]

(iii) N(a) = f~(f(1) — f(a)), Ya € [0, 1].

Vi du 3.5. Kéo theo Lukasiewics ¢ trén thoa Dinh 1y 3.1 v6i f la mdt ham
dong nhat va ham phi dinh N(a) = 1 — a.

Vi du 3.6. Xét ham f(a) = In(1 + @) v6i ham nguge

_ e —1 nétu0<a<In?2
[ (a) = .
1 ntuln2<a<1

a
, v6i a € [0, 1].

va ham phu dinh di cung v6i f 1a N(a) = T
a

Khi dé kéo theo mo dudce xac dinh la

1—a+2b

I(a,b) = min(1
(0.8) = min(1, ——

), Ya,b € [0,1].
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Vi du 3.7. Xét md rong cia Vi du 3.6, d6 1la ham f(a) = In(1 + Xa) véi A
14 tham s6 duong. Khi d6 ham ngucc

e —1

fa)=<X "\

1 nétuln2<a<1

néul < a <In?2

va ham phu dinh trong trudng hgp nay la ham Sugeno

l1—a
Ny(a) = T Va € [0, 1].

Kéo theo mo khi dé dude xac dinh la

l—a+b+ X

I b) = min(1
A(a,b) = min(1, [ Toa

), Ya,b € [0,1].

3.2.4 Ménh dé m& cé diéu kién va khong dinh tinh
Ménh dé mo c6 dieu kién va khong dinh tinh (conditional and unqualified
fuzzy propositions) 1a phat bic¢u cé dang chuan nhu sau

p: NeuX1a A thiY 1aB

trong d6 X va Y 1a céc bién ngon ngit, A va B 1a cc s6 md tuong tng trén
UvaV.

Ménh dé md p 6 trén xdc dinh mot quan hé mo R gitta hai dai luong X
va 'Y, ttic R 1a mot tap md trén U x V. Khi d6 ménh dé md p ¢ thé viét lai
dudi dang:

p:(X,Y)IAR

trong d6 quan hé mo R xac dinh béi

pr(z,y) = I{pa(x), ns(y))

6 day I la mot ham kéo theo mo.
Khi da xay dung xong ham thudc pr va X,Y nhéan gia tri cu thé tuong
ung x € U,y € V thi gid tri chan lyj cta p xac dinh bdi:
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T(p) = pr(w,y).

Vi du 3.8. Cho U = {z1, 29,23} va V = {y1,12}. Gid st cdc tdp mdo A va
B tuong ting trén U va V' la:

0.1 0 1
= — 4+ —+ —
T To X3
0.2 1
= — 4+ —
Y1 Y2

Xét ménh dé mo “p: Néu X 14 A, thi Y 1a B”.
Néu ta chon ham kéo theo mo Lukasiewicz I,(a,b) = min(1,1 — a + b)
thi ménh dé md p cé gia tri chan 1y la:

z |y [pa(@) [ ps(y) [ 11— pal@) + psly) | T(p)
1|y | 0.1 0.2 1.1 1
T1 | Yo 0.1 1 1.9 1
o | 1 0 0.2 1.2 1
o | Yo 0 1 2 1
r3 | N 1 0.2 0.2 0.2
T3 | Y2 1 1 1 1

3.2.5 Ménh dé m& cé diéu kién va dinh tinh
Ménh de mo cé dieu kién va dinh tinh (conditional and qualified fuzzy
propositions) 1a phat bié¢u c6 dang chuan nhu sau

p:(Néu X 12 A, thi Y 1aB) a

trong d6 X va Y 1a céc bién ngon ngit, A va B 1a cdc s6 md tuong tng trén
U va V, va 7 1a tit dinh tinh md biéu dién trén [0, 1].

Ménh dé md p & trén xéc dinh mot quan hé md R* trén tap U x V véi
ham thuodc la

pr(2,y) = pr(pr(z,y)).

Khi da xay dung xong ham thudc ugr« va X,Y tuong ting nhan gia tri
cu thé x € U,y € V thi gid tri chin lij ctia p xéc dinh bai:

T(p) = pur-(x,y).
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3.3 Suy dién mo

Suy dién md ¢ day 1a suy dién tit cdc ménh dé md cé diéu kién. Luét suy
dién & logic ¢o dién dua trén cdc ménh dé hang ding va céc luat dién nay
duoc tong quat héa & logic md dé tmg dung cho 1ap luan xap xi. Muc nay
sé tong quat hoa cac luit suy dién thudng gip trong logic ¢ dién nhu: ludt
Modus Ponens, ludt Modus Tollens va ludt bic cau. Cac ludit nay con goi 1a
luat suy dién hop thanh vi ching sit dung todn tit hop thanh trong suy dién.

3.3.1 Luat suy dién m& Modus Ponens
Ludt suy dién mo Modus Ponens 1a luat suy dién c6 dang tong quat nhu sau:

Ménh dé 1 (Luat): Néu X la A, thiY la B
Ménh d 2 (Su kién): X ld A’

Két luan: Y la B

trong d6 X,Y 1a céc bién ngdén ngit tuong tng trén U, V; A, A’ 1a cc tdp mo
trén U va B, B’ 1a cdc tAp mo trén V.

Khéc v6i luat suy dién Modus Ponens ¢o dién 14 su kién trong Ménh dé
2 phai chinh xdc tring véi dieu kién ctia Ménh dé 1, & day su kién (thu duge
tit mot quan sat nao dé) chi can xap xi “X 14 A””, véi ¥ nghia néu A’ cang
gan A thi ta thu ducc két luan “Y 14 B’” v6i B’ cang gan B. Van dé con lai
1a lam thé nao dé danh gia duoc tdp mo B’. Nhu da biét & trén, tit Ménh dé
1 ching ta c6 quan hé md R trén U x V xéac dinh bdi

pr(r,y) = I(pa(z), up(y))

trong dé I 1a mot ham kéo theo mo. Khi dé tdp mo B’ duoe xac dinh tiu tap
md A’ va quan hé mo R nhu sau:

pp(y) = \/ lpa(@) A pr(e,y)], Yy € V.

zelU
Tic B’ 1a tdp mo cam sinh tit A’ va R: B’ = A’ o R.

Vi duy 3.9. Cho U = {1, 29,23} va V = {y1, y2}. Xét ménh dé mo “p: X 1a
A, thi Y la B”, v6i cac tap mo A € F(U) va B € F(V) cho béi:
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02 1 05 1 0.1
B .

Gia st ¢6 su kién “X la A" véi tap mo A’ € F(U) xéc dinh:

0.5 0.8 0.6
= — 4 —+—.
I I I3

A/

St dung luat suy dién md Modus Ponens, ta thu duge két ludn “Y 1a
B vé6i tdp mo B’ € F(V) duge xéc dinh nhu sau.

Néu stt dung ham kéo md theo Lukasiewicz thi quan hé mo R € F(UxV)
tinh dugc la:

1 0.9
R=11 0.1
1 0.6

Khi d6 tAp mo cam sinh B’ = A’ o R sé la:

0.8 0.6
= — 4+ —
n Y2

B/

Trudng hop néu stt dung ham kéo theo md Mamdani thi quan hé mo R
la:

0.2 0.1
R=11 01
0.5 0.1
va tap mo B’ sé la:
C 08 01
B ——4 =
Y1 Y2

Vi du 3.10. Gia st quan hé nhiét do va a4p suat trong mot thiét bi dudc
biéu dién béi luat sau:

Neéu "nhiét do la cao” the: "ap suat la 16n”.

Gia stt nhiét do (tinh bang °C) nhén gié tri trong micén U = [30, 35, 40, 45]
va 4p suat (tinh bang atmotphe) nhan gié tri trong micn V' = [50, 55, 60, 65].
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Gia st cdc tdp md A = "nhiét do cao” € F(U) va B = "4p suat 16n” € F(V)
cho bai:
0O 05 08 1

A= b p— o —
30735 40 45

B 0 0.6 1 1
~ 5055 T60 6

Néu sit dung ludt suy dién md Modus-Ponens véi ham kéo theo ching
han Mamdani, thi véi su kién tap mo A" = "nhiét do trung binh” cho béi
06 0 08 0.2

A=~ =
30 35 40 45

ching ta thu dugce két ludn vé tdp mdS ap suat B’ nhu sau:
Dau tién quan hé mo R € F(U x V) tinh dugc 1a

0 0 0 O
0 05 0.5 0.5
0 06 08 0.8
0 06 1 1

Tu day suy ra tdp mo B’ = A’ o R:

0, 06 08 08
T 50 55 ' 60 ' 65

3.3.2 Luat suy dién md Modus Tollen
Ludt suy dién mo Modus Tollens 1 luat suy dién c6 dang tong quat nhu sau:

Ménh d& 1 (Luat): Néu X ld A, thiY la B
Ménh dé 2 (Su kién): Y la B

Két luan: X la A

trong d6 X,Y 1a céc bién ngdn ngit tuong tng trén U, V; A, A’ 14 cic tip mo
tréen U va B, B’ 1a cac tap mo trén V.
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Tuong tu nhu trén tit Ménh dé 1 ching ta c¢6 quan hé md R trén U x V
xac dinh béi

pr(r,y) = I(pa(z), up(y))

trong d6 I la mot ham kéo theo mo. Khi d6 tdp mo A’ duge xdc dinh tu
quan hé mo R va tap mo B’ nhu sau:

pa(@) =\ [pr(z.y) App(y)], Vo € U.

yev
Tac A’ 1a tAp mo cdm sinh tt R va B': A’ = Ro B'.

Vi du 3.11. Cho U = {1, 29,23} va V = {y1,y2}. Xét ménh dé mo “p: X
la A, thi Y 1a B”, v6i cac tap md A € F(U) va B € F(V) cho béi:

0.2 1 0.5 1 0.1
A=—+—+—B=—+—.
X1 xo xs3 U1 Yo

Cho su kién “Y la B’” v6i tdp mo B’ € F(V) xdc dinh:

0.8 0.6

B=—4+—.
n Y2

St dung luit suy dién mS Modus Tollens, ta thu dude két ludn “X 1a
A" v6i tap mo A' € F(U) duge xdc dinh nhu sau.

Néu stt dung ham kéo md theo Lukasiewicz thi quan hé mo R € F(UxV)
tinh duoc 1a

1 0.9
R=11 0.1
1 0.6

Khi d6 tdp mo cam sinh A’ = Ro B’ sé la:

0.8 08 0.8
=— 4+ —+—
T T2 xs

/

Trudng hop néu stt dung ham kéo theo md Mamdani thi quan hé mo R
1a
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0.2 0.1
R=11 01
0.5 0.1

va tap mo A’ sé 1a

y 02 08 05
- I + I + 5133.

3.3.3 Luat suy dién m& bac cau
Ludt suy dién mo bdc cau 1a ludt suy dién c6 dang tong quat nhu sau:

Ménh d3 1 (Ludt 1): Néu X ld A, thi Y la B
Ménh dé 2 (Luat 2): NéuY la B, thi Z la C

Két ludn: Néu X la A, thi Z la C

trong d6 X, Y, Z 1a céc bién ngdn ngit tuong tng trén U, V,W va A, B,C la
cac tap mo tuong tng trén U, V, W.

Tt Ménh dé 1 va Ménh dé 2 ching ta c6 cac quan hé mo Ry € F(U x V)
va Roe F(V x W) tuong tng la

pry (2, y) = I(pa(z), up(y))

va

/’LRQ(y7 w) - I(II’LB(y)7 /Lc(’(U))

4 day I 1a mot ham kéo theo ma. Khi d6 quan hé mo R3 € F(U x W) xéac
dinh tit cdc quan hé mo R; va Ry nhu sau:

IUR3(xaw) = \/ [/*LR1($7y) A MRQ(y7w)] ) Vr € an eWw.
yeVv

Day chinh quan hé md biéu dién ctia ménh dé mo “néu X 1a A, thi Z
13 C” rit ra dude tit suy dién md béc cau. Dé ¥ rang Ry = R; o Rs.
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Vidu 3.12. Cho U = {z1, 29,23}, V = {y1, 92} va W = {wy, wy}. Xét ménh
48 md “pr: X 1 A, thi Y 13 B”, véi céc tap md A € F(U) va B € F(V) cho
béi:

02 1 05 1 0.1

Xét ménh dé mo “py: Y 14 B, thi Z 1a C”, trong dé tdp ms C € F(W)
cho béi:

Khi d6 néu chon ham kéo theo md Godel 1a

I(a,b) 1 néua<b
a,b) =
b ngudc lai

v6i moi a, b € [0, 1], thi ta c6

1 0.1
d 1
Rl == 1 0.1 va R2 == (O )

1 1
1 0.1

T day suy ra

0.1 0.1
R3 =101 0.1
0.1 0.1

3.4 Ung dung cuta logic mg

Céc linh vuc ting dung cta logic md bat dau phong phd tit nhitng nim 1970
trd di. Tuy nhién ching ta phai hiéu khi xay dung mot tmg dung thi logic mo
phai dudge xem nhu mot cong cu bo sung vao nhiing cong cu truyen théng
san c6 (nhu logic c6 dién, tu dong héa, van tru hoc, ...). Logic md khong phai
ludn dugce xem 1a mot giai phap tién quyét, bat budc cho viéc xay dung céc
tmg dung. Do d6 chiing ta phai tim hiéu liéu cac ing dung dé c6 nhing dic
diém gl ma viéc dua logic mS vao 1a hitu ich. Dudi day 1a mot s6 1 do ¢ thé
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xem xét dé sit dung logic mo:

Tri thic lién quan dén hé thong can xdy dung khong hoan chinh, tic 1a
mot phan trong sé ching 14 khong chinh xdc va c6 thé khong chic chin.
Mot s6 tri thitc clia chuyén gia hay clia ngudi quan sat c6 thé bieéu dién
bang ngdn ngit tu nhién, trong khi mot s6 khéc lai 1a dang s6 dudce cung
cap béi cdc thiét bi do. Khi d6 viéc xtt 1y dong thdi cdc dang tri thitc
khéc nhau dé trén cung cic bién hay thudc tinh chi ¢6 thé thuc hién
mét cach don gidn trong khuon khé ciia logic md.

Nhimg ngudi lién quan dén viée xay dung hé théng, chang han nhu ngusi
gidm sat hay ngudi st dung hé théng, thuong dua ra nhitng mé ta chu
quan theo cam nhéan cua ho.

Nhitng tri thitc ¢6 cap do ve hé théng.

Ranh gidi gitta nhiing 16p déi tuong khong duce dinh nghia ro rang,
chinh xé4c, ¢6 thé ¢6 phan chom lén nhau.

Khéng ton tai mo hinh chat ché cho viéc gidi quyét van dé hodc 1a mo
hinh d6 quéa phtec tap.

Sau day 1a mot s6 linh vie ky thudt da cé nhitng tng dung ctia logic mao:

—_ =
— O

© 0 NS ot =

Lap luan xap xi

Hé chuyén gia

Hé trg gitup ra quyét dinh
Thuat toin di truyén

Téi wu hda

Lap lich

Nhan dang

Xt ly anh

Co s6 dit lieu

Ngon ngtt lap trinh

. bieu khién mo

C6 rat nhiéu tmg dung ctia diéu khién mo, ¢6 thé phan loai thanh cac

chii d@é nhu sau:

Giao thong: xe tu hanh (truyén tu dong, xe khong ngudi 1ai, duy tri
toc do va huéng, ABS, hé théng chéng on, diéu chinh ham, ding nghi
tich cuc), tau dién ngam khéng ngusi 1ai, tau con thoi (kiém tra do cao,
hé théng chéng va cham, xép hang héa), truc thing (truc thing khong
ngudi i, tu quay), thiét bi cau (can cau).
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e Quy trinh céng nghiép: sdn xuit xi mang, nha may xi 1y nuéc, dieu
chinh nhiét do cta 160 phan tng héa hoc, khoan cic dudng ngam, may
mai, may tron nguyén licu trong luyén gang thép, san xuat gidy, thiét bi
mai dién t& dé cham khic, hé théng bdc da, san xuat ethylen, 1én men
rigu sa ké, 1o nuéng ctia nha mday thuc pham, tau hd téng, canh tay
ngudi may dé cam nam céc vat thé c¢6 do ran thay déi, may cit bang
laser, 10 dbt réc, kiem soat hé théng phan phdi nudc.

 Ung dung dan dung: diéu hoa khong khi trong nha hoiic trong phong
ho#c trong duong ham, hé thong thang mdy, mdy giit, may say, ti lanh,
may hut bui, vo tuyén, quat, 10 vi séng, 10 nuéng hdn hop, ...

o K thuat: thiét bi dém xung dién thoai, may ban vé tu dong, may quay
phim, may in, ...
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Bai tap

|m>

Cau 3.1. Chiing minh DPinh 1y 3.1.
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