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Abstract. This article introduces a fuzzy and probabilistic object base model (FPOB) that develops
the probabilistic object base model (POB) by Eiter and his fellows (2.001). In order to develop POB
into FPOB, a probabilistic interpretation of relations on fuzzy set values is proposed to integrate
them into that probability-based framework. Then the definitions of fuzzy-probabilistic tuple values,
fuzzy-probabilistic object base schemas, inheritance, instances, and the selection operation, which is
a basic algebraic operation on data/object bases, are presented.

Tom t~t. Bai bao gioi thieu mot mo hinh ca sa doi tuong xac suat mo (fuzzy and probabilistic
object base - FPOB) la me rong rno hinh co sa doi tirong xac suat (probabilistic object base - POB)
cua Eiter va cac cong sir (2001). Be mo rong tir POB sang FPOB, mot dien dich xac suat cua cac
quan he hai ngoi tren cac gia tri t~p mo diroc de nghi nharn lien ket chung vao trong mot khung lam
viec dira tren co sa xac suat. Sau do cac khai niem gia tri b9 xac suat me, hroc do ca sa doi tirong
xac SUl1tmo , thira ke, the hien va phep chon, mot phep toan dai so co ban tren ca sa dir li~u/doi
tuong diroc trlnh bay.

1. GH1I TRIEU

Nhir cluing ta da biet, mo hinh huang doi tirorig da. chimg to cac iru diem cua no trong
cac van de mo hinh hoa, thiet ke va hien thirc cac h~ thong lon, tir phan mern cho den ca
s6 dir lieu. Be bieu dien va suy luan tren cac thong tin khong chac chan va khong ra rang
pho bien trong thuc te, nhieu nghien ciru da. va dang diroc tien hanh de mo rong mo hinh
huang doi tirong co dien b~ng each ap dung cac ket qua cua ly thuyet xac suat va ly thuyet
t~p mo. MQt so nghien ciru da. mo rong cho phep gia tri thuoc tinh cua doi tirorig nhir la mot
t~p mo ([4,9,12]). MQt so nghien ciru dung xac suat de bieu dien tinh khong ch&c chan cua
sir co mat cua mot thuoc tinh trong mot lap doi tirong va ap dung 11thuyet tap rno de bieu
dien cac gia tri me trong thuoc tinh do ([5,6,7,11]). MQt so nghien ciru khac quan tam den
cay phan cap cac lap doi tircng bang each xem xet xac suat de mot doi tircng thuoc lap cha
la thuoc ve mot lap can, dan den khai niem cay phan cap voi xac suat ([10]). Trong bai bao
nay, cluing toi gioi thieu mot mo hinh ca sO-doi tirong trong do cac gia tr; thuoc tinh mo
khong chac chan va cay phan cap xac suat dong thai dircc xem xet.

Be co the xay dung diroc mot mo hinh huang doi tirong trong do sir phan cap lap co tinh
xac suat dong thai voi viec bieu dien va xu 11diroc gia tri thuoc tinh rno khong ch&c chan,
chung toi da. tich hop gia tri thuoc tinh mo VaGtrong mo hinh co sO-doi tirong xac suat cua
Eiter va cac cong sir [10]. Be co the tfnh toan diroc xac suat xuat hien cac gia tri thuoc tinh
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mo , mot dien dich xac suat cua cac quan he hai ngoi tren cac tap mo oa duoc oe nghi trong
Muc 3. Sau 06 cac Muc 4, 5 va 6 ran hrot gioi thieu mot sir mo rong tong quat cua cac dinh
nghia liroc 00, the hien va phep chon tren POB cho FPOB. Muc 7 la Ht luan va a.e nghi cac
nghien ciru trong tuong lai.

2. KIEN TRUC CD-A MQT ca so DOl TUQ'NG xAc SUAT MO'

Trang phan nay, chung toi mo ta toan bo kien true cua mot h~ thong FPOB. Hmh 1 gioi
thieu mot kien true cho qua trmh xu If truy van trang FPOB. Kien true nay bao gom cac
thanh phjin sau:

l. Ngiroi su dung (NSD) bieu dien truy van thong qua khoi giao dien voi he thong.
2. Cac truy van duoc dira VaGkhoi phan tich truy van oe chuyen thanh cac truy van dai

so FPOB.

3. Cac truy van 09-i so diroc chuyen VaGkhoi thuc thi tren FPOB.
4. Tat ca cac bo phan tren su dung cac thir vien bao gom:
(a) MQt t~p cac chien hroc hoi, tuyen va trir xac suat ([10,13]) cho phep nguoi dung bieu

dien thong tin ve sir phu thuoc cua cac su kien.
(b) MQt t~p cac ham phan bo xac suat cho phep ngiroi dung chi ra each thirc ma xac suat

diroc phan bo tren mot khong gian cac gia tri thuoc tinh.

Phan tfch truy
van dai s6 FPOB

Thuc thi truy van
FPOB

FPOBNSD Giao
dien

Cac chien 111qc ket hop xac suataaa phan b6 xac suata
Hinh 1. Kien true cua h~ thong FPOB

::::: ,,,.,f,, ..........,........
3. DIEN D~CH XAC SUAT CUA CAC QUAN H~ TREN CAC T~P Ma

De mo rong mo hinh POB vo i cac gia tri t~p mo , chung toi ap dung sir dien dich mo hinh
bau cu cua cac t~p mo ([1,2,11). Nghia la, ooi voi moi tap mo A tren mot mien U, moi Cll
tri a.e cu mot t~p con cua U nhir la mot sir dinh nghia c6 dien cua rieng ho ve khai niern ma
A bieu dien. Chi'ing han, mot cu tri co the a.e ctl' khoang [0,35], ° oen 35 tudi, de bieu diEm
cho khai niern tn~ cua con nguo i, trong khi cu tri khac a.e nghi khoang [0,25] chir khong phai
la [0,35].

Khi do gia tri ham thanh vien J..lA (u) la phan tram so cu tri ma dinh nghia co dien cua 119
cho khai niem A co chira u. Nhir vay, A dinh nghia mot phan bo xac suat tren cac tap con
cua U va do do, mot menh oe mo x E A xac dinh mot ho cac phan bo xac suat cua bien x
tren U.
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Chung ta xem VI du ve tro cho i sue s~c trong [2]. Cho gia tri cac mat con sue s~c
trong t$,p {I, 2,.3, 4, 5, 6}, gia Sll- rang mot diem cao diroc dinh nghia boi tap mo roi rac
{3 : 0,2,4 : 0,5,5 : 0,9,6 : I}, nghia la, mire d9 thanh vien cua gia tri 3 la 0,2 , cua 4 la 0,5 ...
M9t S11bau Cll-cua mot nhom 10 nguo i cho diem cao nay co the nhir sau:

PI P2 P3 P4 P5 P6 P7 Ps Pg PlO

6 6 6 6 6 6 6 6 6 6
5 5 5 5 5 5 5 5 5
4 4 4 4 4
3 3

Nghia la, tat ca cac ell- tri tir PI den PlO deu bau cho gia tri 6 nhir la mot diem cao, trong khi
chi co hai ell- tri PI va P2, bau cho 3 nhir la mot diem cao.... Noi each khac, S11dinh nghia cO
dien cua PlO cho diem cao la {6} trong khi cua PI va P2 la {3, 4, 5, 6}. M9t gia dinh trong
mo hinh bau cir nay la bat ki mot ngiro i nao chap nhan mot gia tri nhir la mot diem cao
cling se chap nhan tat d cac gia tri co mire d9 thanh vien Ian ho'n trong t$,p mo cao.

Mo hinh nay dinh nghia mot phep gan khoi, nghia la mot phan bo xac suat, tren tap
cac tap con cua {I, 2, 3, 4, 5, 6} nhir sau:

{6}: 0,1,{5,6}: 0,4,{4,5,6}: 0,3,{3,4,5,6}: 0,2

trong do khoi (nghia la gia tri xac suat) diroc gan cho mot tap con cua {I, 2, 3, 4, 5, 6}
(ch<lng han meao ( {5, 6}) = 0,4) la ti l~ cac Cll-tri de cu t$,p con nay nhtr la mot dinh nghia
co dien cho khai niem mo diem cao. Nhir da chi ra trong [1], phep gan khoi nay tirong irng
vai mot ho cac phan bo xac suat tren {I, 2, 3, 4, 5, 6}.

Tren CO' sa mo hinh bau Cll-nay, mot su dien dich xac suat cua cac quan h~ hai ngoi sau
day tren cac tap mo da ducc de nghi ([8]). Ki hieu Pr(El/ E2) diroc str dung de bieu dien
xac suat co dieu kien cua EI khi da co E2.

Dinh nghia 3.1. Gia Sll-A, B la cac tap mo tuong irng tren cac mien U va v, e la mot quan
h~ hai ngoi tir {=,:::;, <,~, E}. Dien dich xac suat cua quan he AeB, ki hieu prob(AeB) la
mot gia tri trong khoang [0, 1] diroc dinh nghia boi:

L Pr(uev I u E S, v E T).mA(S).mB(T).
S~U,TC;Y

M9t each true quan, cho mot menh de mo x E A va Y E B, prob(AeB) la xac suat de
xey la dung. Tinh hop ly cua dien dich xac suat tren la, doi vo i moi dinh nghia co dien
S cua A va T cua B, xac suat co dieu kien uev khi da biet u E S va vET diroc tinh
toan va nhan vo i he so la tich cua cac khoi diroc ket hop vrri S va T. Khi do prob(AeB)
la tong cua cac gia tri xac suat co dieu kien diroc tich lily nhir vay. Ta cling qui iroc
prob(A 2': B) = prob(B :::;A), prob(A > B) = prob(B < A), prob(A ;;2 B) = prob(B ~ A)
va prob(A :3 B) = prob(B E A).

Vi du 3.1. Trong vi du ve sue s~c a tren, gia su gan_5 diroc dinh nghia boi t$,p mo
{6 : 0,3,5 : 1,4: 0, 3}, phep gan khdi irng vci no la: {5}: 0,7, {4, 5, 6}: 0,3.

Cho x E gan_5 va y E cao, prob(gan_5 = cao) do xac suat x = y diroc tinh nhir sau:



332 NGUYEN HOA, CAO HOANG TRl)

prob( gan_5 = cao) = Pr(u = V [u E {5}, V E {6}) X mgan_S( {5}) X mcao( {6})

+ Pr(u = V [u E {5}, V E {5, 6}) X mgan_s({5}) X mcao( {5, 6})
+ Pr(u = V [u E {5},v E {4,5,6}) X m gan_s({5}) X mcao({4,5,6})
+ Pr( u = V [u E {5}, V E {3, 4, 5, 6}) X m gan_s({5}) X mcao( {3, 4, 5, 6})

+ Pr( u = V [u E {4, 5, 6}, V E {6}) X m gan_S({ 4,5, 6}) X mcao( {6})

+ Pr( u = V [u E {4, 5, 6}, V E {5, 6}) X m gan_S({ 4,5, 6}) X mcao( {5, 6})
+ Pr( u = V [u E {4, 5, 6}, V E {4, 5, 6}) X mgan_S({ 4,5, 6}) X mcao( {4, 5, 6})

+ Pr(u = V [u E {4, 5, 6}, V E {3, 4, 5, 6}) X mgan_S( {4, 5, 6}) X mcao( {3,4,5,6})

= ° X 0,7 X 0,1 + 1/2 X 0,7 X 0,4 + 1/3 X 0,7 X 0,3 + 1/4 X 0,7 X 0,2

+ 1/3 X 0,3 X 0,1 + 1/3 X 0,3 X 0,4 + 1/3 X 0,3 X 0,3 + 1/4 X 0,3 X 0,2 = 0,34.

Chung ta nhan xet ding dien dich xac suat tren cling co the diroc lam ttrong thich cho cac
tap tren cac mien lien tuc, b~ng each Slr dung tich phan thay cho tong nhir trong dinh nghia
xac suit co dieu kien trong [3]. Nghia la prob(AeB) = Jo1 Jo1 Pr(uev[u e A,v EY B)dxdy,
trong do x A va Y B la cac lat cih 0: ([13]) cua t~p mo A va B tirong ling veri 0: = X va a = y.

Dinh nghia 3.2. Gia Slr A va B la hai tap mo tren mot mien U. Dien dich xac suat cua
quan he A ---+ B, ky hieu prob(A ---+ B), la mot gia tri trong [0, 1] diroc dinh nghia bai:

L Pr(u E T[u E S).mA(S).mB(T).
«reo

Cho mot menh de mo x E A, Y nghia trirc giac cua prob(A ---+ B) la gia tri xac suat de
x E B la dung. Noi each khac, do la xac suit co dieu kien de x E B khi da biet x E A nhu
duoc dinh nghia trong [2]. Chung ta cling qui iroc prob(A +- B)= prob(B ---+ A).

Vi du 3.2. Trong vi du xiic xitc, ta co:
prob(cao ---+ gan_5) = Pr(u E {5} [u E {6}) X mcao( {6}) X m gan_S({5})

+Pr(u E {5} [u E {5,6}) X mcao({5,6}) X m gan_s({5})
+ Pr(u E {5} [u E {4,5,6}) X mcao({4,5,6}) X m gan_s({5})
+ Pr(u E {5} [u E {3, 4, 5, 6}) X mcao( {3, 4, 5, 6}) X m gan_S({5})

+ Pr(u E {4,5,6} [u E {6}) X mcao({6}) X m gan_s({4,5,6})
+ Pr( u E {4, 5, 6} [u E {5, 6}) X mcao( {5, 6}) X m gan_S({ 4,5, 6})
+Pr(uE {4,5,6}[UE {4,5,6}) xmcao({4,5,6}) xmgan_s({4,5,6})
+ Pr( u E {4, 5, 6} [u E {3, 4, 5, 6}) X mcao( {3, 4, 5, 6}) X m gan_S({4, 5, 6})

= ° X 0,1 X 0,7 + 1/2 X 0,4 X 0,7 + 1/3 X 0,3 X 0,7 + 1/4 X 0,2 X 0,7

1,0 X 0,1 X 0,3 + 1, ° X 0,4 X 0,3 + 1, ° X 0,3 X D,3 + 3/4 X 0,2 X 0,3 = 0,53

Chung ta nhan xet r~ng dien dich xac suit tren cling co the diroc lam tuong thich cho
cac t~p mo tren cac mien lien tuc, bang each Slr dung tich phan thay cho tong nhtr trong

~. h hi , " ,~.'" kie [3] N hi l' b(A B) Jl Jl Pr(XA n YB)d drun ng ia xac suat co cneu ien trong . g ia a pro ---+ = r> (~A \ X Y
a a
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Jl Jl IXA n YBI d d t "j' xA 'YB l' , l' 0 'A 'A' B t ' ,.= 0 0 IXAI x y, rong uO va a cac at cat ex cua tap ma va irong irng Val

0: = X va ex = y.

, ...,,, ~
4. CAC KIEU VA LUQ'C DO FPOB

Doi vo i FPOB chung toi S11 dung cling dinh nghia sir phan dip lap nhir trong POB.
Hinh 2 chi ra mot vi du ve str phan dip cac thuc vat (Plants) trong [10] ma diroc phan loai
nhir la Perennials hoac Annuals hay nhir la Vegetables, Herbs hoac Flowers. Cac lap con nhir
v~y cua mot lap dircc lien ket voi mot nut d la loai trir Ian nhau (nghia la mot doi tirong
khong the thuoc ve hai lap tai cling mot thai diem). Trong vi du nay lap PLANTS co hai
nhom lap con la {ANNUALS, PERENNIALS} va {VEGETABLES, HERBS, FLOWERS}.
Cac gia tri so trong [0,1] tren cac cung lien ket giira mot lap vo'i lap con true tiep cua no
bieu dien xac suat co dieu kien de mot doi tirong thuoc lap cha la thuoc lap con cua no.
Chtlng han, sir phan cap nay chi ra ding mot doi tirorig bat ki cua PLANTS co 60% kha
nang thuoc ve ANNUALS trong khi chi co 40% kha nang con lai thuoc ve PERENNIALS.
Ngoai ra chung ta cling de y r~ng mot thirc v~t co the vira thuoc ANNUALS va HERBS
nhir mot doi tircng thuoc lap ANNUALS_HERBS.

PLANTS

0.6

~NNIALS_FLOWERS

Hinh 2. M9t vi du ve sir phan cap lap trong FPOB

Cling nhir trong mo hinh huang doi tirong co dien, moi lap trong POB diroc d~c tnrng
b&i mot so thuoc tfnh ma cac gia tri cua cluing co cac kieu ttrong ling nao do. Doi voi POB
cac kieu co the la cac kieu ca so , cac kieu tap hop hoac cac kieu bo. Trong FPOB chung
t6i mer rong cac kieu tap thanh cac kieu tap hop mo va gia tri cac kieu nay thanh gia tri
t~p hop mo nhir trong cac dinh nghia sau.

Dinh nghia 4.1. Gia S11 A la mot t~p cac thuoc tinh va T la mot t~p cac ki€u CC! sd. Cac
kieu diroc dinh nghia mot each qui nap nhir sau:

(1) MQi kieu ca ser trong T la mot kieu.
(2) Neu T la mot kieu, thl {T} la mot kifu t~p hqp mer cua T, diroc goi la ki€u t~p hap,
(3) Neu AI, ... , Ak la cac thuoc tinh dai mot khac nhau trong A va Tl, ... , Tk la cac kieu, thi

T = [AI: Tl, ... , Ak : Tk]la mot kieu, duoc goi la kieu bo tren tap cac thuoc tinh {AI, ... , Ad.
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V&i mot kieu T = [AI: Tl, ... , Ak : Tk], chung ta sa dung T.Ai de bieu thi Ti· Ta goi AI, ... ,Ak
la cac thuoc tinh a mire cao nhat.

Vi du 4.1. Trong CCJ sa doi ttrorig cac thirc v~t dii gi&i thieu a tren, cac thuoc tinh co the la
soil, sun, water mo ta cac dieu kien cho mot thirc vat phat trien va mot so thuoc tinh khac
nhir name, size, width va height .... M9t so kieu co sa trong T co the la integer, real, string,
va soiltype. M9t so kieu tap mer va kieu bo co the la {real}, [soil: soiltype, sun: {real},
water: integer] va [name: string, soil: soiltype, sun: {real}, water: integer, size: [height:
integer, width: integer]].

Dinh nghia 4.2. Moi kieu CCJ ban T E T co mot mien xac dinh doml r ) ket hop v&i no.
Gia tri diroc dinh nghia mot each qui nap nhir sau:

(1) Vo i moi kieu CCJ ban T E T, thl moi v E doml-r ) la mot gia tri kieu T.

(2) Voi moi T E T, moi tap mer tren domf+) la mot gia tri kieu {T}.
(3) Neu AI, ... , Ak la cac thuoc tinh doi mot khac nhau trong A va VI, ... , Vk la cac gia tri

tirong irngcua cac kieu Tl, ... , Tk thi [AI: VI, ... , Ak : vk]la mot gia tri kieu [AI: Tl, ... , Ak : Tk]'

Chung ta cling co the coi mot t~p co dien A tren mot mien U nhir la mot tap mo d~c
biet AJ tren U vo i ham thanh vien diroc dinh nghia bai \/x E U, AJ(x) = 1 neu x E A va
A J (x) = 0 neu x tI. A. Tirong tv nhir the, moi V E U cling co the coi nhir mot t~p mo d~c
biet vJ tren U voi ham thanh vi en diroc dinh nghia bai \/x E U, vJ(x) = 1 neu x = v va
vJ(x) = 0 neu x 0/= v.

Vi du 4.2. Gia sa soiltype la kieu liet ke ma dom(soiltype) = {loamy, swampy, sandy} va
mild, medium, heavy la cac nhan ngon ngir (linguistic labels) cila cac tap mer tren dom(real)
nhir chi ra trong hinh 3. Thi, [soil: {loamy, swampy}, sun: mild, water: 3] la mot gia trj
kieu [soil: {soiltype}, sun: {real}, water: integer].

mild
heavy

o 5 10 15 20 25 MIre d(J anh sang

Hinh 3. Cac gia tri tap mer cua thuoc tinh sun

Trong POB, gia tri cua moi thuoc tinh co the khong chac chan va dUQ"Ciroc IUQ"ngbci
cac ham phan bo xac suat can diroi va can tren tren mot t~p gia tri. £)oi voi FPOB, clning
toi se mo rong dinh nghia gia tri b9 xac suat trong [10] de bieu dien thong tin khong ch~c
chan cho cac gia tri tap mer.

Dinh nghia 4.3. Neu AI, ... , Ak la cac thuoc tinh doi mot phan biet trong A va
(VI, Cl:l, ,sl/, ... , (Vk' Cl:k,,skI la cac b9 ba xac suat, a do VI, ... , Vk la t~p cac gia tri cua cac
kieu Tl, ... , Tk thi bieu thirc [AI: (VI, Cl:l, ,sl/, ... , Ak : (Vk' Cl:k,,skI] la mot gia tri b9 xac suilt
mer cua kieu [AI: TI, ... ,Ak : Tk] tren tap thuoc tinh {AI, ... ,Ad. Vo i moi gia tri b9 xac
xuat ptv = [AI: (VI, Cl:I,,sl/, ... ,Ak: (Vk,Cl:k,,sk/] ta sa dung piu.A, de bieu thi (1/i,Cl:i,/3il'



co so £l6r TUQ'NG xAc SUAT MOvA PHEP CHQN 335

Y nghia true giac cua bo ba xac suat (Vi, ai, {3i) la cho biet khoang xac suat, bieu thi
qua ai va {3i, de mot doi tirong co thuoc tinh Ai nhan gia tri vi trong Vi.

Vi du 4.3. Gia S11, chung ta biet loai dat thich hop cua mot thirc vat la loamy. Hori nira
chung ta chac chan ding thirc v~t nay la Thyme, nhung khong chfic no la French Thyme,
Silver Thyme hay Wooly Thyme. Tuy nhien, neu chung ta dam bao ding 20-60% kha nang
d6 la mot trong ba loai French Thyme, Silver Thyme hay Wooly Thyme thi cluing ta co the
bieu dien thong tin nay boi mot gia tri bo xac suat mo [soil: ({loamy},u,u), category:
({french,silver,wooly},0,6u,I,8u})]. Trong do u la ham phan bo chuan va 0,6u va 1,8u
bieu dien ham phan bo xac suat a va ham {3 sao cho a(x) = 0,6 (1/3) = 0,2 va a(x) =
1,8(1/3) = 0,6Vx E {french, silver, wooly}.

Bay gia hroc do FPOB diroc dinh nghia bang each mo rong khai niern hroc do POB
trong [10] nhir sau:

Dinh nghia 4.4. M9t hroc do ca sa doi tirong xac suat mo la mot b9 nam
S = (C, T, =>, me, gJ),

trong do:
CIa mot tap hiru han cac lap (do la cac lap diroc ket hop veri FPOB),
T la anh xa tir C den tap cac kieu b9 T(C) (cho biet kieu dir lieu cua moi lap),
=} la mot quan h~ hai ngoi tren C sao cho (C, =}) la mot do thi co huang khong co chu
trlnh. Moi mot node cua (C, =}) la mot lap trong C, mot canh ci =} C2 nghia la Cl la lap
con trirc tiep cua C2,

me la anh xa d~t tirong irng moi lap c E C voi mot phan hoach cua tap tat ca cac lap con
trirc tiep cua c sao cho cac lap trong moi nhom cua me(c) la tach roi va loai trir Ian nhau,
p la anh xa d~t tirong irng mci canh trong (C, =}) voi mot so trong khoang [0, 1] sao cho
L gJ(d, c) < 1, Vc E C, V? E me(c).
dE?

Ki hieu Cl =} * ck vo i k :2 1 neu co mot duong di Cl =} C2 =} .•. =} Ck trong (C, =}). £)~c
biet C =}* cVc E C.

Vi du 4.4. M9t hroc do FPOB cho co sa doi tirorig cac thuc vat da neu tren co the dircc
dinh nghia nhir sau: C= {PLANTS, ANNUALS, PERENNIALS, VEGETABLES, HERBS,
FLOWERS, ANNUALSJIERBS, PERENNIALS_FLOWERS}.

T diroc cho trong Bang l.
(C, =»}, me va gJ diroc cho nhir Hinh 2.
Tuy nhien, hroc do diroc dinh nghia nhir tren co the la khong nhat quan, nghia la khong

phai luon luon tim diroc mot t~p cac doi tirong thoa man mot phep gan xac suat va phan
loai cac lap dUQ'Cbieu dien boi do thi (C, =}) va phan hoach cac canh. M9t hroc do FPOB
la nhat quan neu va chi neu no co mot mo hinh nhir trong dinh nghia sau day duoc mo
rong tir [10].

Dinh nghia 4.5. Gia S11 S = (C,T,=},me,gJ) la mot hroc do FPOB. M9t dien didi cua S
la mot anh xa E tir C den t~p cac t~p con hiru han cua mot tap O. M9t dien dich E cua S
la mot mo hinh cua S neu va chi neu: <
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1. £(e) -I- 0, Ve E C,
·2. £(e) s: £(d), Ve, dE C veri e::::}d,
3. £(e) n£(d) = 0,Ve,d E C veri c va d phan biet va e,d E P E me(C),
4. 1£(e)1= p(e, d).I£(d)1 Ve, dE C voi e::::}d.

c T(e)
PLANTS [name: string, soil: soil type, water: integer]
ANNUALS [name: string, soil: soiltype, water: integer, sun: {real}]
PERENNILAS [name: string, soil: soiltype, water: integer, sun: {real},

expyears: integer]
VEGETABLES [name: string, soil: soiltype, water: integer, sun: {real},

expyears: integer]
HERBS [name: string, soil: soiltype, water: integer, sun: {real},

expyears: integer, category: string]
FLOWERS [name: string, soil: soiltype, water: integer, sun: {real},

expyears: integer, category: string]
ANNUALS_ HERBS [name: string, soil: soiltype, water: integer, sun: {real},

expyears: integer, category: string]
PERENNIALS_ FLOWERS [name: string, soil: soiltype, water: integer, sun: {real},

expyears: integer, category: string]

Bdng 1. 811 gan kieu T

, ~.., .J ....

5. THU A KE VA CAC THE HI~N FPOB

Doi veri FPOB, de giai quyet mdi quan h~ thira ke noi chung va da thira ke noi rieng
cua cac lap con va lap cha, chung toi ap dung cling mot chien hroc thira ke nhir trong POB.
Cho mot hroc do S = (C, T, =>, me, p) ap dung chien hroc thira ke nay tren 8 se dan ('Mn
mot hroc do moi S* = .(C, T*, ::::},me, p) chi khac S a phep gan kieu T*. Cu the voi moi
e E C, T*(e) = [Al : T(dd.Al, ... ,Ak: T(dk).Ak], trong do Al, ... ,Ak la cac thuoc tinh mire
cao nhat diroc thira ke boi c thong qua chien hroc thira ke nay tir cac lap cha dl, ...,dk
tuang irng. Chung ta noi S* la S11 thira ke hoan toan cua S. M9t hroc do S dircc goi Iii
thira ke day du neu va chi neu S = S*. Ke tjr bay gio chung toi gia su- rang tat d. hroc do
FPOB la nhat quan va diroc thira ke day du.

Cho mot hroc do S, mot the hien FPOB tren S dircc dinh nghia nhir mot ca sa doi
tirong phu hop voi cac kieu dir lieu va chien hroc thira ke tren hroc do nay. M9t the hien
tren hroc do FPOB cho ta thay diroc tinh trang, quan he thira ke cua mot t~p doi tirong
trong FPOB. Dinh nghia sau day diroc mo rong tir dinh nghia the hien POB trong [10].

Djnh nghia 5.1. Gia su- S = (C, T,::::}, me, p) la mot hroc do FPOB va ° la mot tap danh
hieu doi tirong, mot the hien FPOB tren S la mot c~p' (-rr, v), trong do:

1. 7f : C --+ 2° la anh xa d~t tirong irng ffioi lap e thuoc C vo imot tap con hiru han cua
tap 0, sao cho 7f(el) n 7f(e2) = 0, Vel -I- e2 E C.

Ngoai ra anh xa zr" : C --+ 2° diroc dinh nghia boi 7f*(e) = U{7f(e') Ie' E C,e'::::}* c} Iii
t~p cac doi tirong thuoc lop e (cac 'ctoi tirong trong e hoac trong lap con, chau cua e).
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2. v la anh xa d~t tiro'ng ling ffioi 0 E 7r(C) vo i mot gia tri bo xac suat me kieu T( c) sac
cho 0 E 7r(c).

Vi du 5.1. M9t the hien I = (7r,v) tren hrcc do FPOB trong Vi du 4.4 diroc chi ra trong
bang 2 va bang 3.

Bdng 2. A.nh X0 tt va 7r*

C 7r(c) 7r*(c)
PLANTS {od {Ol,02,O3,O4,O5,O6,O7}
ANNUALS {} {O2,O3,O5,O6,O7}
PERENNIALS {} {04}
VEGETABLES {} {}
HERBS {} {O2,O3,O5,O6,O7}

FLOWERS {} {O4}
ANNUALS_HERBS {O2,O3,O5,O6,O7} {O2,O3,O5,O6,O7}
PERENNIALS_FLOWERS {04} {O4}

Bdng 3. Phep gan v

oid v(oid)

°1 [name: ({Ladyfern. Ostrich-fern+, u, u), soil: ({loamy}, u, u), water: ({2S, ... , 30}, u, u)]

°2 [name: ({ Cuban-Basil, Lemon-Basil}, u, u), soil: ({loamy, sandy} ,0.7u, 1.3u), water:
({20, ... ,30}, u, u), sun: ({mild, medium}, 0.8u,1.2u), ex pyears: ({2, 3, 4}, 0.6u, 1.8u), category:
({fi'ench, silver, wooly}, 0.6u, 1.8u)]

°3 [name: ({Mint}, u, u), soil: ({loamy}, u, u), water: ({20}, u, u), sun: ({mild}, u, u), expyears: ({2,
3, 4}, 0.6u, 1.8u), category: ({fi'ench, silver, wooly}, 0.6u, 1.8u)1

°4 [name: ({Aster, Salvia}, u, u), soil: ({loamy, sandy}, 0.6u, lAu), water: ({20, ... , 2S}, u, u), sun:
({ mild}, u, u), cxpyears: ({2, 3, 4}, 0.6u, 1.8u), category: ( ifrcnch, silver, wooly}, 0.6u, 1.8u)1

0, [name: ({Thyme}, u, u), soil: ({loamy}, u, u), water: ({20, ... ,2S}, u, u), sun: ({mild. medium},
0.8u, 1.2u), ex pyears: ({2, 3}, 0.8u, 1.2u), category: ({french, silver, wooly}, 0.6u, 1.8u)1

0" [name: ({Mint}, u, u), soil: ({loamy}, u, u), water: ({20}, u, u), sun: ({mild}, u, u), ex pyears: ({2,
3, 4}, 0.6u, 1.8u), category: ({fi'ench, silver, wooly}, 0.6u, lAu)l

°7 [name: ({Sage}, u, u), soil: ({sandy}, u, u), water: ({20, ... , 2l}, u , u), sun: ({mild}, u, u),
expyears: ({2, 3, 4}, 0.6u, 1.8u), category: ({red, tricolor}, 0.6u, lAu)l

Trong CO' sa doi tuong c6 dien, pham vi cua mot lap bao gOffi tat ca cac doi tirong thuoc
ve lap do. Trong FPOB cling nhir trong POB, pharn vi xac suat cua mot lap chi ra xac suat
de cho ffioi doi tirong thuoc ve lap do. Dinh nghia sau day duoc mo rong tir [10].

Dinh nghia 5.2. Gia sa I = (7r,v) la mot the hien tren mot hroc do FPOB S = (C, T,

=?, me, p). Voi ffioi lap c E C, pham vi xac suat cua c, diroc ki hieu ext(c), la mot anh xa
d~t tirong ling ffioi 0 E 7r(C) voi mot tap cac so hiru ti trong khoang [0,1] sac cho:

1. Neu 0 E 7r*(c) thi ext(c)(o) = {l}.
2. Neu 0 E 7r*(d) va E(d) n E(C) = f/J voi moi mo hinh E cua S thi ext(c)(o) = {o}.
3. Ngiroc 10i, ext(c)(o) = {pip la tich cua cac xac suat cac canh tren mot dirong tir c

den mot lap d E C, a do d la lap nho nhat sac cho 0 E 7r*(d) va c ==? * d}.
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Vi du 5.2. Gia Slr I la the hien cua hroc do FPOB trong Vi du 5.1, pham vi xac suat cua
cac lap ANNUALS_HERBS va PERENNIALS_FLOWERS doi vrri 01 va 02 nhir sau:

ext(ANNUALS_HERBS)(OI) = {0,24} ext(PERENNIALS_FLOWERS)(oI) = {0,12},

ext(ANNUALS_HERBS)(02) = {I} ext(PERENNIALS_FLOWERS)(02) = {O}.

6. PHEP TOA.N CHON TRaNG FPOB

Cling nhir trong cac CCf so doi tirong co dien, phep chon la mot phep toan dai so C(J ban
tren FPOB. Noi theo true giac, ket qua cua mot truy van chon tren mot the hien I cua mot
hroc do S la mot the hien L' tren S sao cho cac doi tirong cua cac lap trong I' va cac gia
tri thuoc tinh cua no thoa man diEm kien chon cua truy van nay.

Tnroc khi dinh nghia phep chon tren mot the hien, chung toi giai thieu cu phap va ngii
nghia hinh thirc cua cac dieu kien chon. Chung toi bat dau vo i cii phap cua cac bieu thirc
dirong di va bieu thirc chon. Dinh nghia sau day ve cac bieu thirc dirorig di la sir mo' rong
dinh nghia tirong irng diroc dira ra trong l10].

Dinh nghia 6.1. Gia Slr T = [AI: TI, ... , Ak : Tk]la mot kieu bat ki. Bieu thirc dirong di
diroc dinh nghia mot each qui nap cho moz i tir 1 den k nhir sau:

1. Ai la mot bieu thirc duong di cho T.

2. Neu Pi la mot bieu thirc dirorig di cho Ti thl Ai.Pi la mot bieu thirc dirong di cho T.

Vi du 6.1. Cho T= [name: string, size: [height: integer, width: integer]], the thl name
va size.height la cac bieu thirc duorig di cho kieu nay.

Dinh nghia 6.2. Gia Slr S = (C, T, =>, me, p) la mot hroc do FPOB va X la mot t~p cac
bien doi tirong. Cac bieu thirc chon mo diroc dinh nghia mot each qui nap va co mot trong
cac dang sau:

1. x E c, trong do x E X va c E C.
2. x.Pti», trong do x E X, P la mot bieu thirc duong di, B la mot quan he hai ngoi tit

trong {=, =/:., ::;, 2':,<, >,~,;;2, E, 3, -+, *-} va v la mot gia tri.
3. X'PI =0 x.P2, & do x E X, PI va P2 la hai bieu thirc dirong di va 0 la mot chien hroc

hoi xac suat ket hop cac xac suat de x'PI = VI va x.P2 = V2 sao cho VI = V2.

4. ¢ 0 1l1, trong do ¢ va 111 la cac bieu thirc chon tren cling mot bien doi tirong va 0 lit
mot chien hroc hoi xac suat ket hop cac xac suat doi vrri ¢ va 111 la dung.

5. ¢E9 1l1, trong do ¢ va 111 la cac bieu thirc chon tren cling mot bien doi tirong va EEl lit
mot chien hroc tuyen xac suat ket hop cac xac suat doi voi ¢ va 111 la dung.

Ba dang dau cua bieu thirc chon dircc goi la cac bieu thirc chon mo' C(J so. Cac chien
hroc xac suat da diroc gioi thieu trong [10, 13].

Vi du 6.2. Gia Slr S la hroc do cua the hien trong Vi du 5.1, thl yeu cau tlm "tat ca cac
tlnrc vat can mild sun" co the diroc bieu dien boi bieu thirc chon CCf so x.sun -+ mild. Hay

£)oi vo i cac bieu thirc chon tren FPOB, chung toi mo rong cac quan he hai ng6i trong
cac bieu thirc chon tren POB thanh cac quan he hai ngoi tren cac tap mo va dira them vao
quan he keo theo tren cac gia tri t~p mo , va diroc dinh nghia nhir sau.
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tim "tat ca cac thirc vat din mild sun hoac can ho'n 21 don V! mroc moi ngay" c6 the dUQ'C
bieu dien b&i bieu thirc choz.sun ---+ mild tBx.water > 21. Trong do mild la mot gia tri mo
tren dom(real).

Bay gio dieu kien chon diroc dinh nghia nhir bieu thirc chon thoa man mot xac suat
trong mot khoang nhir trong [10].

Dinh nghia 6.3. Cia S(r S = (C,T,=>,me,p) la mot hroc do FPOB. Cac dieu kien chon
mo duoc dinh nghia mot each qui nap nhir sau:

1. W)U ¢ la mot bieu thirc chon mo va L, U cac so thirc trong doan [0,1]' L S U thi
(</>)[L, U]la mot dieu kien chon mo.

2. Neu a va f3 la cac dieu kien chon mo tren cling mot bien doi tuong thi ,a, (a /\
(3), (a V f3) la cac dieu kien chon mo.

Vi du 6.3. C9i S la hroc do cua the hien trong Vi du 5.1, thi "chon tat ca cac thirc vat can
mild sun veri xac suat it nhat la 40% va tren 21 don V! mroc veri mot xac suat it nhat la 80%"
co the diroc tlnrc hien boi dieu kien chon: (x.sun ---+ mild) [0,4, 1]/\ (x.water > 21)[0,8,1].

De dinh nghia ngir nghia cho cac dieu kien chon, sir dien dich xac suat cac bieu thirc va
dieu kien chon mo can phai diroc dinh nghia. Nhimg trtroc het chung toi gioi thieu dien
dich cho cac dircng di nhtr trong [10].

Dinh nghia 6.4. Cia S(r T = [AI: TI, ... , Ak : Tk] la mot kieu bo. Dien dich cua mot bieu
thirc dtro ng di P doi veri T theo gia tri v = [AI: VI, ... , Ak : Vk], bieu thi la u.P, diroc dinh
nghia qui nap nhir sau:

1. Neu P = Ai thi v.P = Vi.
2. Neu P = Ai.Pi trong d6 Pi la mot bieu tlnrc dirong di cho Ti thl v.P = Vi.Pi.

Vi du 6.4. Cho T = [name: string, size: [height: integer, width: integer]], thi dien dich cua
cac dircng di name va size. height theo gia tri V = [name: Thyme, size: [height: 4, width:
12]] doi veri kieu T tirong irng la cac gia tri Thyme va 4.

Dinh nghia 6.5. Cia S(r S = (C,T,=>,me,p) la mot hroc do FPOB, 1= (7r,v) la mot the
hien tren S va 0 E 7r(C). Dien djch uic suiit theo S,I va 0, diroc bieu thi boi probs,I,o, la
mot anh xa tir t~p tat ca cac bieu thirc chon mo den tap tat ca cac khoang con d6ng cua
khoang [0, 1] va diroc dinh nghia qui nap nhir sau:

1. probs,I,o(x E c) = [min(ext(c)(o)), max(ext(c)(o))].
2. probs,I,o(x.pev) = [L a(u).prob(u.p'ev),min(l, L f3(u).prob(u.p'ev))], trong do

uEV uEV
P = A.P' va v(o).A = (V, a, f3).

3. probs,I,o(x.PI =@ x.P2) = [L a(u).prob(UI.P{ = U2.P~), min(l, L f3(u).prob(ul.P{ =
uEV uEV

U2.P~))], trong d6 PI = AIP{,v(o)AI = (VI,al,f3I), P2 = A2P~,V(0).A2 = (V2,a2,f32),
[a(u),f3(u)] = [al(ud,f3I(UI)]® [a2(u2),f32(U2)], Vu = (UI,U2) E V = VI X V2.

4. probs,I,o(¢ ® w) = probs,I,o(¢) ® probs,I,o(w).
5. probS,I,o(¢ tB w) = probs,I,o(</» tBprobs,I,o(\II).
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Ve true giac, probs,I,o(x E C) la khoang xac suat de doi tirong 0 thuoc ve lap c,
probs,I,o(x.A.p'ev) la khoang xac suat de thuoc tinh A cua doi tiro ng 0 co gia tri u sao eho
u.P'Bu, va probs,I,o(x.AI.P{ =0 X.A2'P~ la khoang xac suat de thuoc tinh Al va A2 cua 0

tirong irng co gia tri UI va U2 sao cho uIP{ = U2P~, Can hru y la pi, P{ va P~ co the la
xrong.

Trong trirong hop cua POB, chung ta co prob(u.p'ev) = 1 neu (u.p/ev) diroc thoa, hoac
prob(u.p'ev) = ° neu ngiroc lai. Tirong tv nhir the, dien dich xac suat prob(uIP~ = U2P~)

" p' p' h v (' ') " 1 .= 1 neu UI I = U2 2 oac prob UIPI = U2P2 = ° neu ngircc ai.
Trong trirong hop cua FPOB, cac gia tri u.P', V'UI'P~ va U2'P~ co the la cac tap me,

khi do prob(u.p'ev) va prob(UIP~ = U2P~) dircc tinh toan nhtr da trinh bay a Phan 3
(xem them [8]). Nhir v~y, dien dich xac suat cua cac bieu thirc chon trong FPOB thirc SI!

la mo rong dien dich xac suat cua cac bieu tlnrc chon trong POB. Trong dinh nghia dien
dich xac suat cua cac bieu thirc chon cho POB, cac dien dich xac suat prob(u.p'ev) va
prob(ul.P{ = U2'P~) khong tham gia VaGprobs,I,o VI thirc sir gia tri cua chung bang ° ho~c
1. Noi each khac, dien dich xac suat cua cac bieu thirc chon trong POB chi la trirong hop
rieng cua khai niem dien dich xac suat cua cac bieu thirc chon trong FPOB.

Vi du 6.5. Trong the hien tren hroc do FPOB a Vi du 5.1, cluing ta co probS,I,02(x.sUn--1
mild) = [0,8 x u(mild) x prob(mild -t mild) + 0,8 x u(medium) x prob(medium -t mild),
min(l, 1,2 x u(mild) x prob(mild -t mild) + 1,2 x u(medium) x prob(medium -t mild))] =

[0,8 x 1/2 x 0,903 + 0,8 x 1/2 x 0,068, 1,2 x 1/2 x 0,903 + 1,2 x 1/2 x 0,068] = [0,39, min (1,
0,59)] = [0,39, 0,59].

Chung ta liru y la cac dien dich: 0,903 va 0,068 dtroc tinh theo Dinh nghia 3.2 voi cac
gia tri mo mild va medium cho trong Vi du 4.2. Bay gia khai niern ngir nghia cho cac dieu
kien chon S8 diroc mo rong tit dinh nghia tirong irng trong [10], bang each gan cho moi dieu
kien chon mot gia tri chan ly goi la sir thoa man dieu kien chon. Cling hru y la, theo [2] va
[3], prob(A -t A) khong nhat thiet phai bang 1, VI A la mot tap mo.

Dirih nghia 6.6. Gia SU- S = (C,T,=},me,p) la mot hroc do FPOB, I = (71",v) la mot
the hien tren S va ° E 71"(C), sir thoa man cac dieu kien chon mo theo dien dich xac suat
probS,I,o diroc dinh nghia nhtr sau:

1. probs,I,oi = (4))[L, U] neu va chi neu ProbS,I,o(4)) ~ [L, U].
2. probS,I,oi = .4> neu va chi neu probS,I,oi = 4>khong thoa.
3. probS,I,oi = 4>1\ 'IjJ neu va chi neu probS,I,oi = 4>va probs,I,oi = 'IjJ.

4. probs,I,oi = 4>v 'IjJ neu va chi neu probs,I,oi = 4>hoac probs,I,oi = 'IjJ.

Vi du 6.6. Trong the hien a Vi du 5.1, de dang tinh diroc probs,I,02(x.sun -t mild 0in
x.water > 21) = [0,32, 0,48] ~ [0,3, 0,5] nen ta co probs,I,02i = (x.sun -t mild0inx.water >
21) [0,3, 0,5]. Trong do 0in la chien hroc hoi xac suat d9C l~p ([10,13]).

Djnh nghia 6.7. Gia su- S = (C, T, =e-, me, p) la mot hroc do FPOB, 1= (71",v) la mot the
hien tren S va 4>la mot dieu kien chon mo tren bien doi tirong x. Phep chon tren I theo cP,
duoc ki hieu 0"<1>(1) la mot the hien 1/ = (71"',v') tren S, trong do:

1. 71"/(c) = {o E 71"(c)iprobs,I,oi = 4>}va
2. u' = Vi71"/(C) (nghia la anh xa v thu hep tren 71"/(C)).
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Vi du 6.7. Gici su I = (Jr, v) la the hien cua hroc do Strong Vi du 5.1. Khi do a<t>(I)
vci ¢ = (x.sun -+ mild)[0,39, 1,0] !\ (x.water > 21)[0,8,1,0] la mot the hien I' tren S gorn
chi mot doi tirong 02. That v~y probs,I,02(x.sun -+ mild) = [0,39, 0,59]] <;;;; [0,39,1,00] va
probs,I,02(x.water > 21) = [0,82,0,82] <;;;; [0,8,1,0] nen ProbS,I,02 F¢ thoa man. Kiern tra
tuong tv, va thay rang cac doi tirong khac khong thoa diEmkien chon nay.

Doi voi cac phep toan con 19-inhir phep chien, phep doi ten, phep tich Cartesian, phep
ket, phep giao, phep hop va phep trir cac the hien FPOB cling co the dUQ'Cmo rong tirong
img tir POB. Ngoai ra cac tinh chat cua cac phep toan dai so tren POB van con dung trong
FPOB ([13]).

" ~7. KET LUAN

Trong bai bao nay, chung toi da gioi thieu mot C(J so doi tirong xac suat mo la me rong
cua POB. De tich hop gia tri tap mo vao khung dira tren xac suat cua POB, chung toi da
dung mot mo hinh bau cu dua tren xac suat cua cac t~p mo va giai thieu mot dien dich
cac quan h~ tren chung. Cac dinh nghia hroc do, the hien FPOB cling nlnr phep toan chon
tren FPOB da diroc mo rong ttrong irng tir POB. M~c du co the de dang dira ra mot so
vi du mrri, chung toi van dira tren cac vi du cua [10] da diroc sua doi bang each tich hop
cac gia tri thuoc tinh mo VaGtrong do, voi muc dich lam ro sir khac biet giira FPOB va
POB. Chung toi cling da hien thirc mot chuang trinh minh hoa bang ngon ngir C++ cho
phep toan chon tren FPOB ([13]). Ngoai ra, trong [13] chung toi cling da mo rong cac phep
toan dai so doi tirong khac tir POB sang FPOB nhir phep chieu, phep tich Cartesian, phep
ket noi, phep giao, phep hop va phep trir. Cac ket qua ly thuyet va thirc nghiem cho thay
mo hinh FPOB co the phat trien thanh mot he thong quan tri C(J so doi tirong thirc sir,
voi kha nang xu ly cac thong tin khong chinh xac va khong chac chan thuong g~p trong
thirc tien. De co the mo rong ho'n nira mo hinh FPOB, chung toi dang nghien ciru nham
tich hop them cac phuong phap (method) VaGtrong cac lap doi tirong va hien thirc mot he
thong FPOB hoan chinh,

,~ ,
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