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SUY DIEN V&1 TAP MO LOAI HAI DUA TREN PAI SO GIA TU
TRAN PINH KHANG, PINH KHAC DUNG

Khoa Cdng nghé Thong tin, Truong Pai hoc Bdch khoa Ha ndi

Abstract. This paper presents the concepts of Type-2 Fuzzy Set and Type-2 Fuzzy logic System.
Furthermore, we introduce the concept and some properties of Type-2 Hedge_Algebra-based on Fuzzy
Set. This concept allows us to represent the membership grades as linguistic truth values and to
decrease the computational complexity of operations on Type-2 Fuzzy Sets.

Tém tdt. Bai bdo trinh bay khéi niém tap md loai hai va hé logic mé loai hai. Ngoai ra, chiing toi
giGi thiéu khéi niém va mot vai tinh chat cia tAp md loai hai dua trén dai s6 gia tr. Khai niém nay
cho phép biéu dién doé thuoce bang céc gis tri chan 1y ngon ngir va gidm do phitc tap tinh todn cia
cac thao tac trén cdc tap mo loai hai.

1. GIOT THIEU

Mot van dé quan trong dit ra véi ngudi thiét ké cdc he logic mo 1a phai xdc dinh ham
thuodc cho cdc tap mo st dung trong co s& tri thite cia hé. Thong thuwong tri thire dwoc céc
chuyén gia cung ciap duwéi dang cdc thong tin ngon ngir, khong goi md thong tin veé dang cia
ham thuoc, dd thuodc ciia tirng phan tir cia tap nén vao tap mo. Ngoai ra tri thitc con duoc
cung cap bdi mot nhém céc chuyeén gia, khong cé cing cach dinh nghia cdc gié tri ngon ngir.
Vi vay viéc xdc dinh chinh xdc ham thuoc trd nén rat khé khan, hon nira viéc xdc dinh chinh
x4c ham thudc con phan nio lam mat di tinh meo, tinh khong chic chan cia cac gia tri ngon
ngir diroc cac chuyen gia cung cap. Mot gidi phap cé thé 1a cho phép do thudc cia tirng phan
tir cila tap nen vao tdp md bang chinh gid tri chan Iy ngén ngit, qua trinh suy dién, tinh todn
trong hé m& thue hién trén cdc gid tri chan ly ngon ngr dé. Su md rong khai niém tap mo
loai mot thanh tap mo loai hai sé giip gidi quyét van dé nay.

Tuy nhién véi tap mo loai hai thong thuong qua trinh tinh todn trén cac gid tri chan 1y
ngon ngir chwra xét dén cau tric, méi quan hé gitra cac gid tri ngon ngtr, do dé trong nhieu
treong hop cho két qua phan truc quan. Viéc sit dung céc gid tri chan 1y thudc cau tric dai
s6 gia tir s& khac phuc nhwroc diém nay.

Trong bai bdo chiing t6i trinh bay céc khai niém co ban, cdc phép toan trén tap mo loai
hai trong Phan 2. Phén 3 mo td cdc thanh phan cia mot hé logic md loai hai. Phan 4 dwa
ra khai niém tap mo loai hai dwa trén dai s6 gia tit, cdc loi ich vé tinh don gidn, hiéu qua
vGi viee str dung tap mo loai hai dua trén dai s6 gia tir. Phan 5 trinh bay qua trinh suy dien
trong hé logic mo sit dung tap mo loai hai dwa trén dai s6 gia tit véi mot s6 phwong phap
xay dung toan tir kéo theo.

Quy wéce ve biéu dién cac tap md trong bai:

+ Tap m& loai mot A trén khong gian nén U, A = [ua(z)/z, trong A6 pa(z) € [0,1]

U

+ Tap mo loai hai A trén khéng gian nén U, A — fug(ac)/aq trong A6 p(x) la mot tap
U

mo loai mot trén [0, 1].
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2. TAP MO LOAI HAI

DPinh nghia 2.1. Tap mo loai hai A trén khong gian U dwoc xéc dinh bdi mot ham thudc

mo py(x),
A [uzt@ye

U

trong A6 p () 1a mot tap mo loai mot trén [0, 1],
- [

Tt dinh nghia ta thay dé thudc ciia mdi phan tit x vao tap mo loai hai A ¢6 thé 1a
mot gid tri ngén ng ma gia tri ngon ngir nay duwoc hicu 1a twong ng véi mot tap mo loai
mot trén khong gian [0, 1].

Vidu 2.1. Xét vi du trong [5]. Cho U = {Susie, Betty, Helen, Ruth, Patt} 1a tap hop mot
s6 phu nit va A 1a tdp mo loai hai gom cdc phu nit dep trong U. Ta cé thé cé:

maddle  not_low low very_htgh  high

A = beautiful =
cautifu Suste + Betty + Helen Ruth Patt’

trong d6 cic d6 thuoc mo ¢6 nhan middle, not_low, low, very_high, high la cac tap mo trén
{0, 0.1,..., 0.9, 1}C|0, 1] dwoc xdc dinh nhuw sau:

e 03, 0T 107 03 109 0.7 04
meRe =53 04 705 " 06 07 YT 001 02 03

pion 04 07 09 1 y 01,08 06 1 1 1 1

W= o708 o9 1 MY T 01T 02 03 04 05 090 1

hioh — 0.16 " 0.49 n 0.81 n l
VYRR = o7 o T 09 T T
2.1. Céac phép toan dai s6
St dung nguyén Iy mé& rong, cac phép todn dai s6 trén cdc tap mo loai mot duoc dinh
nghia nhu sau ([1]).
Pinh nghia 2.2. Xét todn tir nhi phan *, hai tap mo loai mot F = [ur)/v, G = [uc(u)/u
X v

Toén tir nhi phan * dwoc mé rong cho hai tap mo F va G nhu sau:

E=FxG, up@t)=prc(t) = Y (ur@) A pcy)),
tap mo E c¢6 khong gian nén la mién gia tri cla todn tir *

Dua vao Pinh nghia 2.2, cdc todn tir ¢ —norm va t — conorm dwoc md rong thanh céc
toan tir hoi va tuyén cho céc tip mo loai mot, phép phi dinh dwoc mé rong thanh phép phu
dinh cho tap m& loai mot d€ lam co s& cho cac phép hop, giao, phan b cho cic tap mo loai
hai.

Pinh nghia 2.3. Xét hai tap mo loai mot A va B trén ciing khong gian nén U,
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A:/NA(x)/x7 B:/u3<y>/y.

U U

Céc phép toan tuyén va hoi gitra hai tap mo A, B cho két qua 13 tap mo loai mot ciing
trén khong gian U xdc dinh nhw sau:
Tuyén:

AVB = /(MA(ac) A ps(y))/(xVy)

Hoi:
' AAB — / (4 () A i)/ (@ A )

véi A, Vo lan lwot 13 todn tik ¢ — norm, t — conorm. P& don gian, tir day vé sau ta sit dung
toan tir min va max.

Phui dinh ciia mét tap mo loai mot cung la mot tap mo loai mot trén cung khong gian
nén, phd dinh cda 4 13 =4 dwoc xdc dinh nhuw sau:

A / yalw)/(1 — ).
U
2.2. Cac phép toan tép hop

Dura trén céc toan tir tuyén, hoi va phi dinh dwoc dinh nghia nhw trén, ta dinh nghia
cac phép hop, giao, phan bil cho cic tdp md loai hai trén cling khong gian nén.

DPinh nghia 2.4. Cho hai tap mo loai hai A va B trén khéng gian nén U,
A [uz@/e nze)= [ nwie B [up@/e us ~ [ o)
U [0,1] U [0,1]

céc phép hop, giao gitta A va B cho két qua ciing 13 tip mo loai hai trén U nhu sau:
Hop:
AUB g 5(0) — n3@) Vi@ — [ () A0/ 0)

[0,1]

Giao: o
AnB e g 50) i3 dup@) — [ () A )/ wnn)

[0,1]

Phan bil clia A ciing 1a tap mo loai hai trén U nhu sau:
A pzle) iz = [ B/ -
[0,1]
Céc tinh chat cia cdc phép todn tap hop véi tap mo loai hai dwoc liét ké trong [5)].

3. HE LOGIC MO LOAI HAI

He¢ logic mo loai hai la he légic mo trong dé sit dung cic thao tac trén tap mo loai hai.
Céc thanh phan chinh cla mot he 1ogic mo loai hai dwoc biéu dién qua hinh vé sau ([2]).
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3.1. Mo hoéa

Bo phan mo héa nhan dau vao 1a gid tri 6, gid tri ngon ngilr, tap mo loai mot, dau ra la
mot tdp mo loai hai twong tng bieu dién gia tri dé.

Nhu trong Muc 2 trinh bay vé cdc phép todn trén tap mo loai hai ciing nhw trong phan
tiép theo trinh bay veé moéto suy dién, ta cé thé thay rang khéi lrong tinh toan trong cac hé
16gic mo loai hai 14 rat 16n trong truwomg hop cdc tap mo loai hai ¢6 do thuoc mo 14 tip mo
bat ky. Nham han ché khéi lrong tinh todn nay dong thoi van duy tri tinh mém déo trong
bieu dién su khong chic chan, ngudi ta thwong han ché dé thudéc mo vao mot sé dang nhat
dinh: tap mo don tri, tap mo khodng, tdp m& phan phdi chuan ([2, 3]), hay trong Muc 4,
Muc 5 ctia bai bdo, ching t6i dua ra khai niém tap md loai hai dwa trén dai s6 gia tir.

+ Tap mo loai hai don tri 13 tdp mo loai hai trong dé do thudc mo tai moi diém cia
khong gian néen cé gia d& chi gom duy nhat mot diém trong [0,1], cé nghia la:

A= / ps@)/x, pi(@) =1/u. véi  ug € [0,1].
U

Véi dau vao bo mo héa 1a tap mo loai mot A = [pa(z)/x, palz) €(0,1], dau ra la tap
U
mo loai hai don tri twong ting A = fug(ac)/aq py(e) =1/pa().
U

+ Tap mo loai hai khoang la tap m& loai hai trong dé do thudéc mo 1a mot giad tri khoing
tI‘OHg [071]7 A= fﬂz(‘x>/x7 /LX(Z) - f 1/“ vGi [f_ﬂm fgc] - [07 1]
v [fo F]
Cho F= [ 1/u, G= [ 1/v, trong d6 [F,F], [G,G]| C[0,1]. Ti nguyén Iy mé rong
[E,F] G,G]
dé dang suy ra dwoc:

H = FAG — /1/u Wi H—FAG H—TAC

[H,H]

E— FVG— /l/u Vi B—-FvG, FE-TFvQ

Suy ra v&i hai tap mo loai hai khoang:
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A [uz@/e. uz@)— [ 1/ voi mEIC .1
U

[fz, f]

B [up@/e. mp@ = [ 1/ Vo gl <00
u [92.9=]
ta cé:
Q0B = g 50— i@V~ [ 1/
[f2Vge fo Vsl
AnB oz 50 - n@dp — [ 1/

[fo\gw , fo AT ]

Ao pz) =iz = [ 1w

(1 fol—fs]

Tuy cdc phép todn véi tap mo loai hai khodng dwoc thuce hién dé dang, nhung c¢é thé
thay trong trwomg hop doé thudc mo 1 cdc gid tri ngon ngit, thi cdc phép hdi, tuyén, phi
dinh chwa xem xét dén ciu tric va moi quan hé gitra cdc gid tri ngoén nglr nay. Dieu nay cé
thé gay ra két qua tinh toan phan truc quan. Nham khic phuc diéu nay, trong Muc 4, Muc
5 chiing toi dwa ra khdi niém tap mo loai hai dua trén dai s6 gia tit.

3.2. Co sd luat

Tap luat chira M luat NEU-THI, mbi ludt c6 p gid thiét va mot két luan, luat thi i
c¢6 dang nhu sau:

Lugt ¢: NEU i 1a Fi vh wp Ia Fj vA --- vd @, Id Fj THI yla G,
trong A6 xy,xs,...,x, 14 cdc bién dau vao lan lwot xdc dinh trén khong gian Uy, Us, ..., Uy; y
la bién dau ra xéc dinh trén khong gian V; F{, Fi,- -, Fi, G* la céc tap mo loai hai xdc dinh
trén cac khong gian tuwong tng.

3.3. Mb to suy dién

Moéto suy dien twong tw nhw doi véi hé 1ogic mo loai mot, luat ¢é nhiéu tien de sé duwoc
t6 hop trwéce tién, sau dé t6 hop cdc luat lai véi nhau. Str dung mot trong céc phép xay dung
quan hé m& R gitra khong gian vao va khong gian ra, chi ¥ cdch xay dung ciing giong nhuw
doi véi he 1ogic mo loai mot, chi khdc 1a thay vi todn tik ¢ — norm, t — conorm nhu doi véi
hé 1ogic mo loai mot , & day sir dung toan tir hoi, tuyén. Sir dung phép hop thanh sup-star
gitra tap mo dau vio va quan hé m& R tinh dwoc tip mo dau ra.

Cu thé véi lugt thie i: NEU @ 13 Fi vhas a Fiva - vd @, la Fi THI yla G
xéc dinh mot quan hé trén khong gian Uy x Uy X -+ x U, x V' nhu sau (gia sit ta sit dung
phép kéo theo R¢):

i Nflz (x1)A--- Aﬂfz (xP>Al’Lai (y)

Ui X XUp XV

?

(xlf" 7xp7y>
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M luat cia tap luat diroc t6 hop bang phép hop, xdc dinh quan hé tong quat trén khong gian
Uy xUsx---xU,xV:

V (s )
M P\ X1y Tpy Y
~ ~, L Rt P
k=R = / =

=1 Uy X XUp XV

(xlf" 7xp7y>

Véi dau vao la tap cic gia thiét @, la F, va @y la Fy va.. va x, la F,, hay dau vio
dwroc t6 hop thanh tap mo dau vao:

p
X-Fixcoxbye [ R/ m)
U1><---><Up

Luat thit ¢ chay cho két qua dau ra 13 tap md loai hai :
i}i :X0§i7 M§z<y> - ( Vv )</’L)A(J(xl7xp>A/’L§z(xl7x]hy))
o1y

Tap mo dau ra dwoc xdc dinh bang phép hop thanh nhuw sau:

i7:)?0§7 M?(y> = (/’L}z(xlf"xP>A/’LE(x17"'xp7y>>7

(1‘1 [ 71‘19)
hoac:
M Iy

V=Y uplp)=V

’i:lM?i <y>
i=1

Vi du 3.1. Xét bai toan suy dien:
Luat: NEU Trong_lwong la Nang THI Sttc_an 13 An_khoé
Su kien: Trong lwrong 1a Khéa_nhe

K&t luan: Stre_sn 1a An

Ning, Kha_nhe la cdc gid tri cia bién ngoén ngir Trong_lwong xac dinh trén khong gian nén
V = {50, 60, 70, 80, 90kg}

Am_khoé7 An 1a cde gid tri cda bién ngon nglr Strc_iin xdc dinh trén khong gian neén
W = {0.5,0.7,0.9, 1, 1.3 kg/bira}
Céc tap mo nay la cac tap mo loai hai don tri, duwgc xac dinh nhu sau:

1/03 106 1/07 1/0.85 1/1

Nang = 7
; 50 60 70 80 90
Ankhot — /01 1/02 1/05  1/065  1/0.9
05 ' 07 ' 09 1 13
1/08 1/1 1/007 1/0.3 1/0.1
Khé.nhe — /08 /1 1/07 1/03 1/

50 60 70 30 90

St dung quan hé kéo theo R, pr. (v, w) = pnang (V) Apan khoe(w), ta dwge quan hé nhw
sau:
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0.5 kg/bira 0.7 0.9 1 1.3
50 kg 1/0.1 1/0.2 1/0.3 1/0.3 1/0.3
60 1/0.1 1/0.2 1/0.5 1/0.6 1/0.6
70 1/0.1 1/0.2 1/0.5 1/0.65 1/0.6
80 1/0.1 1/0.2 1/0.5 1/0.65 1/0.85
90 1/0.1 1/0.2 1/0.5 1/0.65 1/0.9

Két qud suy dien 13 két qua cia phép hop thanh:

1/01 1/0.2  1/05 1/0.65 1/0.7
05 o7 09 1 i3

An = Kha_nhe “Rs =

3.4. BO phan xt ly dau ra

Néu nhu trong hé 16gic mo loai moét bo phan xir Iy dau ra 14 mot bo gidi mo cho thi trong
hé 16gic mo loai hai bé phan xit Iy dau ra gom hai phan: gidm loai va gidi mo.

Str dung nguyén ly mé rong, qua trinh gidi mo cho tap mo loai moét duge mé rong cho
tap mo loai hai thu dwoc mot qué trinh ma dau vao 1a tap mo loai hai, dau ra 13 tap mo loai
mot dwoc goi 1a qué trinh gidm loai ([2]). Mot s6 cdch giam loai khdc nhau dwoc trinh bay
trong [2], & day ta chi xem xét phwong phép gidm loai trong tam.

Gid str khong gian dau ra V 1a roi rac gom N di€m yy, v, ..., yn. Phuwong phép gidm loai
trong tam t6 hop céc tap mo loai hai dau ra ctia cdc luat bang phép hop:

oM M
V= UV ) = Visal) = [t
i=1 J

Yi

Sau dé tinh trong tdm ctia Y. Bidu thitc trong tam ctia ¥ nhu sau:

-~ Sy (W) A A fy (un)
CY) = / N N :
wi€ly,  unEdyy doyiug/ Y ug
j=1 7=1

Qua trinh gidi mo dwoc thue hién giéng véi tap mo loai mot.

Vi du 3.2. Vidu 3.1 cho két qua dau ra cla moto suy dien 1a tap mo loai hai

1/01 1/0.2  1/05 1/0.65 1/0.7
05 ' 07 ' 09 1 1.3

An =

Gidm loai bang perorlng phap tfong tam ta dwoc C(An)= 35, gidi mo bang phuong
phdp trong tam ta dwoc két qua cudi cung Stte_an=1.023 kg/btta.

3.5. Nhan xét. Twong tu nhwr véi he logic mo loai mét, ta ciing cé thé dé xuat céc tieu
chuan dé danh gia cdc phwong phap giam loai nham xdc dinh phuwong phép gidm loai twong
rng véi moi phwong phdap mo héa dé dat dwoc su twong dwong nhat dinh. Xét tiéu chuan
trinh bay trong dinh nghia sau.

Pinh nghia 3.1. Phuong phép gidm loai va phwong phép bieu dién tap mo loai hai dugc
gol 14 twong ng néu hai qud trinh sau day cho cling mot két qua; véi moto suy dién trong
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cd hai trwdong hop 1a nhu nhau, céc tap mo loai mot sit dung trong moto suy dién cho tap
mo loai mot duoce qua phép mo héa thanh cic tap mo loai hai sit dung trong moto suy dién
cho tap mo loai hai.

Tap mo R N
Tap mo — - loai 1 Moto SPy dl\en Tap mo
Joai 2 —» giam loai |———p cho ta'p mo loai 1
loai 1 ’
v e Tap mo
Tap mo otosuydien | 154i 2 = : Tap mo
loai2 ~—»| chotapmd ' giam loai loai 1
loai 2

Tuy nhién ¢6 thé nhan xét tiéu chuan trén qud chat, ¢é thé néi 1dng bang cach chi dat
dieu kién cic tap mo loai mot dau ra cia moi qud trinh sau cling phép gidi mo sé cho két
qué cudi cing nhw nhau. Tiéu chuan méi nay thod man véi tap mo loai hai don tri va phép
giam loai trong tam.

Vidu 3.3. Xét Vidu 3.1, cdc tap mo loai hai trong vi du dwoc giam loai thanh céc tap mo
loai mot cho moéto suy dién cho tap mo loai mot va dau vao cia mo to suy dién. Céc tap

m& Ning, An_khoé, Khi_nhe sau khi duwoc gidm loai bing phwong phép giam loai trong tam
nhw sau:

03 06 07 08 1

Nine — 2 4 20 20 0o b
M= ts0 Tt s oo

. 01 02 05 065 09
An_khod— o= } —= 2
nKhoe=g et o Too T T T

08 1 07 03 01
Khé nhe= —o  — 4 -t 22 4 2
ahe= st s P70 Ts0 T oo

St dung phuwong phdp xay dung quan hé Rs, dau ra ta thu dwoc tip mo loai mot nhw
sau:

An— 0.1 n 0.2 n 0.5 n 0.65 n 0.7
05 07 09 1 13
Gidi mo bang phwrong phép gidi mo trong tam, ta thu dwoc Sttc_an=1.023 kg/bira.

Véi két qué cia Vi du 3.2 ta thiy phuong phdp gidm loai trong tam va phwong phép
bieu dién tap mo loai hai don tri la twong tng theo tiéu chuan da néi long trén.

4. TAP MO LOAI HAI DUA TREN PAI SO GIA TU

Trong cdc phan trudc ta thiay tap mo loai hai 1a gidi phdp cho cdc hé xit Iy thong tin
khong chac chan, cho phép biéu dién dé thuoc bang cic gia tri ngon ngt. Tuy nhién khéi
lwrong tinh todn trong hé thong st dung tap mo loai hai 1a rdt 16n, ngoai ra qud trinh tinh
toan véi do thudc la cdc gid tri ngon nglt chwa dé ¥ dén cau tric thuc sw va méi quan hé
gitra, cac gid tri ngdn ngir nay. Do dé viéc sit dung cdc hé thong st dung tap mo loai hai con
nhiéu han ché. Trong phan nay ching t6i giéi thiéu khai niém tap mo loai hai dua trén dai
s6 gia tir phan nao nham khic phuc cic han ché ké trén.
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Pinh nghia 4.1. Xét dai s6 gia tit m& rong doi ximg (X, G, He, <) véi tap phan tir sinh
G = {True, False}, tap céc gia tit Ho = {Very, More, Possibly, Approximately, More_or_Less,
Less} U {Sup, Inf}.

Tap mo loai hai dwra trén dai s6 gia tit 13 tap mo loai hai trong dé do thudc md 1a céc
gia tri chan 1y thudc cau tric dai s6 gia tir trén.

A= /ug(ac)/ac7 v6i py(x) la gid tri chan 1y thuoc cdu tric dai s6 gia tir, py(z) € X.
U

Theo trén ta ¢6 nhan xét véi tap mo loai hai dwa trén dai s6 gia tir, nho gan cac gid tri
chan 1y thuoc cau triic dai s6 gia tir cho dé thuéc mo cac phép hoi, tuyén, phi dinh gitra cac
d6 thudc md trd thanh cdc phép hoi, tuyén, phi dinh trén dan biéu dién cau tric dai sé gia
tir, nho dé duy tri dwge méi quan hé gitra cdc gia tri chan 1y nay, dong thoi khéi lwong tinh
toan dwoc gidm nhe rat nhiéu.

Dinh nghia 4.2. A va B 13 hai tap mo loai hai duwa trén dai s6 gia tir cling trén khong gian
nen U,

A [uz@/e. B [uz@)/o nzto) gl € X
U U
Két qud cia cdc phép hop, giao, phan bil clia céc tap mo loai hai dua trén dai s6 gia tit cling
la tip mo loai hai dua trén dai s6 gia tir:

Hop:
A0B = [z Vig@)fe — [ v )/
Giao: ) )
A5~ [uzdug@)e — [0 A )/
Phan bu: ) )

A= [Cuztn/e

U
véi A, vV, — lan lwot 14 phép hoi, tuyén, phi dinh trén dan biéu dién X.

Trong cac hé mo ¢é thao téc trén céc gia tri ngéon nglr, mot van de rat thwong gip 1a tir
mot tap mo A biéu dién ngir nghia cia mot gid tri ngén ngit nao dé, cain xay dung tap mo
bieu dién ngir nghia cia gia tri ngon ngit VeryA, MoreOrLessA... Trong [8] Zadeh trinh bay
cac cach xay dung cdc tap mo VeryA, MoreOrLessA... doi v6i tap mo loai mot. V&i tap mo
loai hai dua trén dai s6 gia tir, do thuoc mo 13 cdc gid tri chan 1y thudc cau tric dai s6 gia tit,
mot cau hoi dit ra 1 cac thao tdc nhw trén can dwoc thue hién nhw thé nao. Trong [6], cdc
tdc gid néu quy tac chuyén déi gia tit cho cdc ménh dé mo. C6 thé st dung quy tac (RT1)
va (RT2) trong mot s6 treomg hop nhw vi du sau.

Vi du 4.1. Gia st ¢ gid tri ngén ngr Young, la tap mo loai hai xdc dinh trén khong gian
[0...100] tuoi.

Ta ¢6 fyoung(20) = VeryTrue, hay cé thé hidu la gid tri chan Iy cia ménh dé (20 tudi la
Young) 1a VeryTrue, v (20 tudi 1a Young) = VeryTrue.

Ap dung quy tdc (RT2) ta dwoc gid tri chan 1y ciia ménh dé (20 tudi 1a VeryY oung) 1
True, v (20 tudi 1a VeryY oung) = True, hay pveryy oung(20) = True.
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Twong tw, young(35) = MoreOrLessTrue, chuyén thanh KMoreOrLessYoung(39) = True.

Tuy nhién, céc treong hop ¢é thé sit dung quy tac trén la rat it, trong hau hét céc truong
hop ta khong thé st dung quy tac chuyén doi trén, nhw trong vi du dwéi day.

Vi du 4.2. Theo Vidu 4.1 trén, pyoung(20) = Veryl'rue, pyoung(35) = MoreOrLessTrue

Véy NJWOT@OTLessYoung(2O> - ?7 NVeeroung(35> =7

Vi vay can phai c6 mot phrong phap tét hon dé xac dinh cic tap mo nay.

Trong [7], téc gid giéi thiéu khai niém ham do trén dai s6 gia tir va ham ngugce cia néd
nham xéc dinh mot 4nh xa 1-1 giita khong gian cic gia tri cia dai s6 gia tir véi doan [0, 1].
Ta ¢6 thé sit dung céc khai niém nay dé xac dinh céc tap mo VeryA hay MoreOrLessA bang
thuat toan sau.

Thuét todn 4.1. Cho tap mé& loai hai dwa trén dai s6 gia tir A = guz(ac)/am py(x) € X.
Xét day gia tir hy...hi, véi by € He, twong tng véi moéi by da xdce dinh quy tic tdc dong lam
thay doi ham thuoc 1a S;. Tap md loai hai hp...hlﬁ duwoc xac dinh qua cdc buée sau:

Buée 1. Chuyén tap mo A vé tap mo loai mot A nhd ham do A:

A > A, A= /)\(ug(:p))/x.

Buéc 2. Xac dinh tap mo loai mot hy,...hi A tir tap md A theo céc quy tac S;:

hp..hy A= 8,(...51(A)) = /Sp(...Sl(uA(ac)))/x.
U
Vidu: VeryA = CON(A) = [p%(x)/x, MoreOrLessA = DIL(A) = [1%°(x)/=.
U U
Buéc 3. Chuyén tap mo loai mot hy,..hi A thanh tap mo loai hai h,...hyA nho ham nguwoc
A71 cida ham do A.

hpe-ha A =, byl A,

hp...hlj: /)\ Yptn,..nalz))/z = /)\71(51])(...51(/@4(%»))/%
Vi du:
Veryd — / A (1yerpa () = / AL () / A M5 (@)?)
MoreOrLess A — / A (intorem Loss @)/ — / A (P () e = / A A3 (2))°)
Vi du 4.3.

By oung(20) = VeryTrue, pyoung(35) = MoreOrLessTrue.
Theo Thuéat toan 4.1 ta cé

EMoreOrLessyoung(20) &~ MoreVerylrue, pveryyoung(35) =~ VeryLessFalse.

Trong thuit toan trén ta thay bang cach st dung cdc ham do A va ham nguwoc A ! cia
né, ¢6 thé thue hién viéc chuyén d6i qua lai gitra tdp mo loai mot va tap mo loai hai duwa



38 TRAN DINH KHANG, BDINH KHAC DUNG

trén dai s6 gia tir. Tl day ta dinh nghia qud trinh gidm loai tdp md loai hai dwa trén dai s6
gia tir va nang loai tap md loai mot thanh tap md loai hai dua trén dai s6 gia tir nhw sau.

Binh nghia 4.3.

(i) Phép giam loai tap mé loai hai dura trén dai s§ gia tir A thanh tap mo loai mét A nhor
ham do A trén dai s6 gia tir nhuw sau:

A = /ug(x)/% Z? A, A= D,(A) :/)\<ug(:p)))/x.
U U
(ii) Phép nang loai tap md loai mot A thanh tap mo loai hai dwa trén dai sé gia tit A
nho ham ngwoc A~ cia ham do A nhu sau:

A= [ua@fe 4 2 & A= B = [3 @)/

U U

Phép gidm loai trong Dinh nghia 4.3 c6 kha nang hoan déi tdc dong véi phép 14y phan
bt va phép nhdn trang tir. Diéu nay dwoc chi ra trong Pinh 1y 4.1 sau.

Dinh 1y 4.1. Ta co:

(i) hp...hiDr(A) = Da(hy...hiA) v6i hi € He, i =1..p,

(i) DA(A) = Da(A).
Ching minh.
(i) Dée dang truc tiép suy ra tir Pinh nghia 4.3 va Thuat todn 4.1.
(i) bat A = D,\(A) ta phai chiing minh A = D,\(A)
Tacé A= f py(x)/z, dit B = D,\(A) suy ra ppg(x) = )\(uj(ac)) = M—p5(z)).
Ngoai ra “X( z) =1— pa(x) =1-AMuz(z)), vay ta phai chimg minh pz(z) = pp(z).
Gid stt p5(x) = hy...hic, v6i ¢ € G la phan tit sinh, h; € He 1a gia tir,
Theo [6], —p5(x) = hy...hac™, v6i ¢ 1 phan tir d6i nghich ciia ¢ trong G.
Véi vi du ham do trong [7] ta cé:

M (@) = 2 + (e + Z {2|5 — * sign(c) * H sign(é(hj))}

j=1
J
2+46(>+szgn *2{2|64J+L_1*Hszgn }
G=
)\(—/LX({E» = %(c) + sign(c Zk{2|§ e i Hszgn }

Vi é(c) = =é(c™) va sign(é(c) = —sign(6(c™)) nén )\(/LX(:JG)) + AMpz(x)) = 1.
Vay AMpx(@)) = 1= Mug(@) hay pz() = pp(@)
Suyra A= D,\(A) & Dy(A) = D,\(j) (diéu phai chirng minh). n

Khi (X,G,Hs, <) la dai s6 gia tir tuyén tinh, phép giam loai trong Pinh nghia 4.3 ¢é tinh
chat phan phoi véi phép giao va phép hop. Diéu niy dwoc trinh bay trong Dinh 1y 4.2 sau.
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Dinh 1y 4.2. A, B la hai tip mo loai hai dwa trén dai sé gia tit trén khong gian nén U,

A [uz@fe. B= [, uz). nzle) < X

U U
néuVae € U (pz(x) < pgx) hode px(x) < px(x)), hay py(x) va pxz(x) sinh dwoc thi ta co:
Dx(A) UDA(B) = DA(AU B),

D)\(g) n D)\(E) = D)\(gﬂ E)

Chatng minh. Dit A — Dy(A), B = Dx(B),C = Dr(AU B).
+ Véi uz(f) va px(x) sanh duoc thi ta 6 px(z) < pgz(x) hodc pz(r) < pi(x), khong
gidm tinh tong quét, gid st uy(x) < pz(x), suy ra:

pr(@) vV pg(x) = pgy() = py 5@ = pgz),

= po(x) = Mug 5(@) = Mpg (@) = ps(@). (1)

Vi pz(x) < pg(x) nen AMpz(x)) < Mpg(z))
= pa(x) < pplx) = pa() vV pp() = pp(x) = paus () = pp(). (2)
Tir (1), (2) = pe(@) = pavs(@). (3)
(3) ding Va = DA(A) U Dx(B) = Dx(AU B) (diéu phai chitng minh). n

+ Chitng minh twong tu ta ciing ¢é6 Dy (A) N Dy(B) = Dy(AN B).
+ Trong trudomg hop ngwoc lai néu 3z € U, px(o) va pz(xo) la khong sanh dugc, vi du

p5(wo) = PossiblyTrue, px(xo) = MoreOrLessTrue,

thi
pi(@o) < py zl(wo), uzlzo) < pz (o)

Suy ra

Mpz (o)) < Mpg 5(@o)), Mpg(xo)) < Mpz, z(zo))
Nhung

Mpz(@o)) V Az (w0)) = Mpz(x0))  hode AMpz(xo)),

’ Mp (o)) V Az (o)) < Mpg 5(%o))-

Vay

pa(@o) V up(wo) # pe(wo) = DA(A) U DA(B) # DA(AU B).
Tuwong tu ta cing ¢6 Da(A) N Dx(B) # DA(AN B). n
Phép gidm loai nhw trén con ¢é tinh phan phdi véi phép hop thanh max-min, diéu niy dwoc

chi ra trong Pinh 1y 4.3 sau.

Dinh 1y 4.3. Xét (X, G, Ho, <) la dai s6 gia ti tuyén tinh, A va R la cdc tdp mo logi hai
dva trén dai s6 gia tt lan leot xdc dinh trén khong gian nén U,U x Vo la phép hop thanh
mazx-man, ta co:

D)\(g O E) == D)\(Z) O D)\(E)
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Chatng minh. Pat A= Dy(A), R=Dx(R),B=AoR,B= AoR. Ta ¢6
i) = Vipz(@) A pg(a,y)),
1Y) = V(pa(@) A pre,y) = VMR (@) A Mg, y)

Véi (X,G, He, <) la dai s6 gia tir tuyén tinh; a,b € X suyra a va b luon sdnh dwoc.
Theo phan chitng minh Dinh 1y 4.2 ta c¢é A(a) A A(b) = Aa A b), Ma)V A(b) = Aa V b). Suy ra

Mz () A Mgz, v)))
(V(nz (@) V pp(@,v)))

(15 ()

wB ()

I
> > v<

& B = Dy(B) hay Dx(A)o Dy(R) = Da(Ao R) (diéu phai chitng minh).
|
Vay véi (X,G, Hp, <) la dai s6 gia tir tuyén tinh, qua cdc Pinh 1y 4.2 vi 4.3 ta thay phép
gidm loai theo Pinh nghia 4.3 va phwong phdp biéu dién tdp mo loai hai duwa tren dai s6 gia
tir 14 twong tng theo Pinh nghia 3.1. Nhuw vay cé thé thuc hién qua trinh suy dién véi tap
mo loai hai dira trén dai s6 gia tir bang céch sir dung méto suy dién véi tip mo loai mot san
6.

5. SUY DIEN VOI TAP M LOAI HAI DU'A TREN PAI SO GIA TU

Trong phan nay ta xét mot s6 phwong phéap suy dien trong cdc heé logic mo st dung tap
mo loai hai dua trén dai s6 gia tik.

Xét dai s6 gia tir mé rong doi xing (X, G, Ho, <) trong dé G = {True, False}, Ho =
{Very7 More, Appro:}czmately7 Less}U{]nf7 Sup} Theo [6] tap X tu‘ong du‘ong v&i mot dan phan
phdi, trong do véi hai phan tir 2,y € X, ton tai va x4c dinh duy nhét phan th —x, xAy, ac\/y
trong d6 —, A,V lan lwot 1a phep phi dinh, hoi, tuyén. Dua trén cau tric dan ta c6 the
thuc hién suy dién véi tap mo loai hai, qué trinh tinh toan thure hién nhw véi suy dien me,
nhung cdc tap md, quan hé mo déu 1a tap mo loai hai dua trén dai s6 gia tir.

Gia sir ¢6 bai todn suy dien nhu sau:

Luat: NEU = 13 A THI y 13 B
Su kién: x 1a A

Két luan: y 1a B

véi 1 bién dau vao, y 1a bién dau ra; A, B, Ay, By 13 cdc tap mo loai hai.

Twong tu nhu suy dien mo, tir luat NEU z 1o A THI y 1o B hinh thanh mét quan
hé m& R, quan hé m& nay ciing 1a mét tap mo loai hai duya trén dai s6 gla ti. Céc cach xay
dung quan hé R ¢6 thé tham khéo trong [4]. Vidu véi Re, Rs 13 mé rong cia quan hé
Ro, Rs nhu sau:

Ro = (Gx B) — [ 300 Au)/ ()

UxV
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R (Axv) 2 Bx0) = [ [z — 0]/ )

s
UxV

1L, pz(u) < pgv)
) — ) = { ) 5=
s s i) > pz(v)
1, 0 lan lwot la phan tit supremum, infimum trong dan biéu dién tap X,
1 = Sup(True), 0= Inf(False).

Tir day két luan dwoc suy ra tir phép hop thanh gitta tap mo A, va quan hé mo R trén
nhw sau:

By = Ag o R, g, (v) = X(/LZO (w) A pz(u, v))

Vidu 5.1. Xét bai todn suy dien sau:
Luat: NEU Chiéu_cao 1a Cao va Trong_lwong 1a Nang THI Sttc_an la An_khoé
Su kién: Chiéu_cao la Rat_cao va Trong long 13 Khd_ning

K&t luan: Ste n la An

+ Cao, Rét_cao la céc gia tri cia bién ngon ngir Chiéu_cao xac dinh trén khong gian nén
U = {150, 160, 170, 180, 190 cm}

+ Ning, Kha_nang la cdc gia tri cia bién ngon ngtr Trong_long xéc dinh trén khong gian
nén V = {50, 60, 70, 80,90 kg}

+ Ankhoé, An la cdc gid tri cda bién ngon ngir Ste_gn xéc dinh trén khong gian nén
W = {0.5,0.7,0.9, 1, 1.3 kg /bira}

+ Céc gia tri ngon nglr nay duoc xac dinh 14 cdc tap md loai hai trén cac khong gian nén
twong tng, cu thé ddi véi gid tri Cao, Nang, An_khoé nhu sau:

False n LessTrue n ApproximatelyTrue n MoreTrue = Verylrue

Cao =5 160 170 180 190
o ~ ApproximatelyFalse — ApproximatelyTrue — True  Morelrue —Veryl'rue
Nang = 50 + 60 T T TR0 90
A khoo — VeryFalse False LessTrue  ApproximatelyTrue = Verylrue

0.5 0.7 + 0.9 1 1.3

+ Qua céc gia tri Cao, Ning ta suy ra gia tri Rdt_cao va Kha_ning bang Thuat toan 4.1.
Cu thé ta dwoc:

v ~ VeryFalse  ApproximatelyFalse VeryLessFalse
Ratcao= == 160 + 7o
n MoreApproximatelyTrue  LessVerylrue
180 190

MoreLessTrue  MoreTrue n VeryMoreTrue

50 + 60 70
n LessVeryTrue n MoreVeryTrue

30 90

Kha_nang =
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a) Suy dién vé&i phép kéo theo Re, ta cé:
=5 (u, v, W) = ficrao() A fNang (V) A fran khoe(w) VO we U, veV, weW.

Mot phin ctia quan hé Re duwoc trinh bay trong bang sau:

0.5 kg/bira 0.7 0.9 1 1.3
150cm, H0kg VeryFalse False False False False
150,60 VeryFalse False False False False
150,70 VeryFalse False False False False
150,80 VeryFalse False False False False
150,90 VeryFalse False False False False
160,50 VeryFalse False | LessTrue LessTrue LessTrue
190,90 VeryFalse False | LessTrue | ApproximatelyTrue | VeryTrue

Két qua suy dien 13 két qua cia phép hop thanh:

HAn (w> - u\/’/ (/Ll}’c (u7 v, w) A (NRat_cao (u> A HKha_nang (V>>>

=V (/’LCGO (u> A HNang (V> A NAn_khoe(w> A HRat _cao (u> A HKha_nang (V>>

u,v
Qua tinh toan ta dwoc:

VeryFalse False LessTrue  ApproximatelyTrue  LessVeryTrue

An —
n 05 07 09 1 1.3

b) Suy dién v&i phép kép theo Rg, ta cé:

Mﬁs (u7 v, w) - (NCao(u> A NNang(V>> _s_) NAn_khoe(w> Vél (RS U7 v ‘/7 w € w.

pran(w) = V {Mgs (u, v, w) A (BRat _cao() A MKha_nang(V»}

RZ

=V K(Mcfm(u) ANang (V) - MAn_khoe(w)> A (tRat _cao(1) N NKha_nang(V>>:|~

u,v
Qua tinh toan ta dwoc:

Infimum  VeryFalse MoreLessTrue Morelrue  LessVerylrue

An —
n 05 0.7 0.9 T 1.3

Cé hai truwomg hop cho cac két qua cé thé hieu 14 Strc_in=Kha_khoé. K&t qua nay ciing
phu hop véi két qua ma ta mong mudn.
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6. KET LUAN

Trong bai bao nay ching t6i da trinh bay khai niém tap mo loai hai va hé légic mo loai
hai. Pac biét khai niém tap md loai hai dwra trén dai s6 gia tir sé rat ¢é ich trong trudmg hop
khé xéc dinh chinh xdc do thuodc cling nhur can xem xét dén cau tric va quan hé ngir nghia
gitra, cac gid tri chan Iy ngon ngir. Ngoai ra véi cau tric dai so gia tir, khoi lwong tinh todn
trén cac tap mo loai hai dura trén dai s6 gia tir dwoc gidm di ddng ké so véi tap mo loai hai
théng thuomg, nhe ham do va ham nguwoc cla né, ta c6 thé thao téc truc tiép trén cic gid
tri ngén ngir.
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