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TICH HOP KHA NANG AP DUNG KHONG CHAC CHAN
TINH CHAT LOP VAO MO HINH CO SO
POI TUQNG XAC SUAT MO
TS. NGUYEN HOA *

1. GIO1 THIEU

M6 hinh co s& di liéu (CSDL) hwéng dbi twong truyén théng da dwoc tng dung nhiéu dé thiét
ké va hién thyc cac hé thong Ién. Tuy nhién, md hinh di¥ liéu nay khéng biéu dién va xt ly dwoc
théng tin khéng chac chan va khéng chinh xac ctia cac déi twong trong thwe té (4], [5], [7], [18]). Cac
nghién ciru m& rong mé hinh CSDL hwéng déi tweng truyén thdng dé xi ly tinh khdng chac chan
va khéng chinh xac tap trung vao cac van dé sau: (1) mé hinh héa cac quan hé 1&p; (2) dinh nghia
mirc d6 thanh vién (membership) khéng chéc chan cia cac ddi twong; (3) biéu dién gia tri thudc tinh
khong chac chan hodc khdng chinh xac ctia cac doi twong: (4) biéu dién va thye thi cac phuong thic
(method) 1&p; (5) mod hinh héa kha ndng &p dung khéng chéc chdn (uncertain applicability) ciia cac
tinh chét I&p va xac dinh co ché thira ké khdng chéc chén clia cac ddi twong.

Doi v&i quan hé I¢p, c6 nhiéu mé hinh dinh nghfa cac mirc dd bao ham gitra cac lop ([11], [17],
[18]). Tuy nhién, nhw da thao luén trong [3], mét tap cac I&¢p v&iquan hé bao ham nhw vay thyc sy
tao thanh mét mang hon 1a mét phan cap. Gia tri thudc tinh khéng chac chan va khéng chinh xac
dan dén tinh khong chac chan cua thanh vién 1&p cua cac déi twong. Mot s6 do do khac nhau dé
tinh mirc dd thanh vién I1&p da dwoc dé nghi trong ([5], [8], [19]). Tuy nhién, cic d6 do nay chi xac
dinh tinh thanh vién I&p dwa trén mirc 44 bao ham m& ma khong phai mirc d6 xac suét.

Trong [4] va [5], cac tac gid da mo hinh héa tinh khdng chéc chan ctia mot gia tri ma mét thudc
tinh co6 thé nhan. Tuy nhién, mdc do khdng chac chan dé thudc tinh co gia tri trong mot tap cac gia
tri chwa dwgc quan tam. Trong khi cac thudc tinh I&¢p dweec mé hinh hoéa, cac phwong thire I6p, nhw
la c&c tinh chat & m6 hinh hoa cac hanh vi dbi twong, thwéng bi bé qua. Trong [5], cac phwong
thirc da dwoc gidi thiéu, nhwng biéu dién va thao tac cta ching trong mé hinh chwa dwoc hinh
thirc hda. Trong [7] va [19], phwong thibc dd dwee dinh nghia mét cach hinh thiec nhw nhirng cau
Horn va dwoc thwe thi nhw la mot qua trinh suy luén, tuy nhién, cdc mé hinh nay chi dwa trén co s&
logic ma khong phai trén co s& tha tuc.

Thanh vién 1&p va kha nang &p dung tinh chét I1&p khong chac chén cia cac déi twong dan
dén thira ké khéng chic chén cac tinh chat I¢p cta ching. Diéu nay chwa dwoc quan tam trong [5],
[8] va [19]. Trong [4], mirc dO thanh vién I&p dwoec st dung nhw mét ngwdng dé xac dinh cac tinh
chét cé thé dworc thira ké trong I&p. Trong [7], mirc d6 thanh vién I&p va kha ndng ap dung mét tinh
chét 1&p cua dbi twong dwoc két hop thanh mirc do dé dbi twong thira ké tinh chat do.

Gan day, trong [9], c4c tac gid da gidi thieu mot mé hinh dwa trén xac suat dé xir ly cac ddi
twong, dwoc goi la POB (Fuzzy Probabilistic Object Base). Tuy nhién, c4c thiéu sét chinh ciia POB
la: (1) khéng cho phép gia tri thudc tinh khéng chinh xac; (2) khéng quan tdm dén phwong thirc
I&p; va (3) khd ndng 4p dung cla cac tinh chat 16p dwoc gid st 1a chdc chén. Chang han, dé biéu
dién gia tri thudc tinh sun, mé ta nhu ciu vé& anh sang clia cac thwc vat, trong POB d4 sl dung cac
gia tri liét k& mild, medium va heavy ma khong co bat ky moét dién dich nao. Trong khi dé, thyc té
céac gia tri nhw vy c6 ban chat 12 m&, khdng chinh xac theo mirc dd 4nh sang ctia mét trévi. Hon
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niva, néu khong c¢6 mot sy dién dich ching khéng thé do dwoc va sw phan bd xac suét cua ching
khéng thé tinh toan dworc.

Trong [6], ching t6i d& ap dung Iy thuyét tap md mé rong POB dé biéu dién va tinh toan véi
c4c gi4 tri khéng chinh xac, dwoc goi la FPOB (Fuzzy Probabilistic Object Base). Chéng han, cac
gia tri mild, medium, va heavy cla thudc tinh sun & trén cé thé dwoc dinh nghia va xt ly nhw cac
tap mo. Trong [14], chiing t6i m& réng hon nira mé hinh FPOB véi phwong thive I6p dé biéu dién
hanh vi khong chac chan cda ddi tweng. Trong bai b4o nay, chdng t6i tich hop thém kha nang ap
dung va thira ké khdng chac chan cac tinh chat I&p vao FPOB, cho phép md hinh héa hau hét cac
khia canh khdng chac chan va khong chinh xac cac hé thong ddi tweng trong thiye té.

Co s& toan hoc dé phat trién FPOB dwoc trinh bay trong Phan 2. Tinh chét 16p va lvoc db
FPOB dworc gidi thiéu trong Phan 3. Phan 4 trinh bay vé thé hién va thira ké khéng chéc chén trong
FPOB. Phan 5 trinh bay m& réng cu phap va ngir nghia cia phép chon trén mé hinh méi. Cubi
cung, Phan 6 14 két luan va dé nghi cac nghién ctru trong twong lai.

2. CO'BAN VE XAC SUAT VA TAP MO’

Phan nay gi¢i thiéu co s& toan dé xay dwng FPOB. C4c chién lwoc két hop cac khodng xac
suat da dwoc gidi thiéu trong POB ([9]). Ching tdi dé xuat dién dich xac suat cac quan hé trén cac
tap me, cac bd ba xac suat me va dai sb trén cac bd ba xac suat me.

2.1 Cac chién lwoc két hop cac khoang xac suat

Cho hai s kién e, va e, v&i cac xac suat twong (rng trong cac khoang [L,U]valL, U] Khi
d6 cac khoang xac suat biéu dién cho cac sw kién hdi e, A e,, tuyén e,v e, hiéu e, A e, cua hai sy
kién e, va e, co thé duwoc tinh toan bdi cac chién luoc két hop x4c suét (probabilistic combination
strategy). Bang 2.1 1a mot vi du vé céc chién lwoc két hop xac suét, trong dé ®, @ va $ twong (rng
biéu thi cac phép toan hoi, tuyén va trw.

Bang 2.1: Cac vi du vé cac chién lwoe két hop xac suat

Chién lwoc Phép toan
(L, U]I® L, U] =[max(0, L, +L,~1), min(U,, U)]

B qua (Ignorance) | (IL,, U] @,g[Lz, U,)) = [max(L,, L,), min(1, U, + U))]
(L, U8, U,))) =[max(O, L,- U,), min(U,1-L))]

(L, U]® L, UD=EIL,.L,U,. U]
(L, U]® [L, UDEL+L, —(L, .L),U+U—(U,.U)
(L, U]O [L, UDEIL,.(1=U), U, . (1= L)]

Poc lap
(Independence)

Loai trir nhau (L, U]l® [L, U] =I0,0]
(Mutual Exclusion) | (IL,, U,] ® [L,, U]) = [min(1, L, + L), min(1, U, + U,)]
(L, Ule, IL, U] =L, minU, 1-L)]

2.2 Dién dich xac suat clia cac quan hé trén tap mo

Dién dich xéc suét céc quan hé hai ngéi trén céc tdp mo (probabilistic interpretation of binary
relations on fuzzy sets) 14 co s& dé tinh toan xac suét cia cac quan hé giivra cac gia tri tinh chét
ctia d6i twong dwoc biéu dién béi cac tdp me trong FPOB. Dya trén co s& phép gan khéi (mass
assignment) trong [2], ching t6i d& nghi cac dién dich (nghia la dd do) xac suét cia cac quan hé
hai ngéi trén cac tdp m& nhw sau.
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Dinh nghia 2.2.1 Gia siv A, B la cac tap md twong (ng trén cac mién U va V, 8 1a mét quan
hé hai ngdi tir {=, <, <, <, €}. Dién dijch xac suét ctia quan hé A 8 B, ky hiéu prob(A6 B) 1a mét gia
tri trong khodang [0, 1] dwoc dinh nghia boi: ) .

! g gl[o, 1] g SQL%QVPr(uevMeS,ve T)-m (S) -my(T).

Dinh nghia 2.2.2 Gia sir A va B |a hai tap m& trén mét mién U. Dién dich xéc suét ctia quan
hé A — B, ky hiéu prob(A — B), la mét gia tri trong khoang [0, 1] dwoc dinh nghia bdi:
> Pr(u eT|u € S)-m (8) -my(T).

STy

Chung t6i lwu y réng, dién dich xac suéat trén cling c6 thé dwoc dinh nghia cho cac tap me trén

mién lién tuc bang cach str dung phép tich phan thay cho phép lay tdng nhw trong dinh nghia xac
suét co diéu kien mo trong [1]. Nghia Ia:

*Am’B|

bl > B) ¢ PP ANB) o e
pro —> = jJ.— y jj xay,
0 Pr("1) 0 |4
trong d6 A va B la cac lat cat a clia tap m& A va B twong ting voia = x va a = y.

2.3 Pai sé cac bo ba xac suat mo

BG ba xac sudt md va dai g0 cac bo ba xac suat me, 1a co s dé biéu dién va thao tac trén cac
gia tri tap mo khong chac chén cta cac déi twong, dwoc dinh nghia nhw sau.

Dinh nghia 2.3.1 Mét b ba xé&c suét (probabilistic triple) (X, a, B) bao gdm mét tap hiru han
X, moét ham phan b xac sudta trén X va mét ham B: X — [0, 1] sao cho a(x) < B(x). Néu cac phan
tlr clia X 1a cac tap mo thi (X, a, B) dworec goi la mot bé ba xéc suat mo (fuzzy probabilistic triple).

Dinh nghia 2.3.2 Cho U ={(V, a, B)| V < U} 1a mdt tap cac bd ba xac suat mé khac réng trén
tap U khac réng. Néu A= (U, 0,, ..., 0,) 1a mét dai s6 v&i cac phéptodn o, ..., 0 trén U, thi A = (U,
0,, ..., 0) 1a mét dai s6, dwoc goi la dai s6 céc b6 ba xéc suét mo (fuzzy probabilistic triple algebra)
trén U, vG&icac phéptoan o, ..., o trén A duoc suy dan tir A nhw sau:

oJ.((V1, a, B, (V,, a, B.... {V, Qo B )) (V,q, B), trongdd V={v= o(v1, - ij) |veV,
i=1,...,m}, m las6 doi so cia o.va

[a(v), B(»]= Do v, E v, 0, v iy Ving = ofo Ve vm)[G (v), B,(v)]®, [a, (V) B, (v,)]®;... ® [a (V )
B (v )] V&I moi v e Vva ® 1a moét chlen lvgce héi xac suat va vVj=1,.

Vi dy, néu 0, la cac phép toan + va x cac s6 mo trén tap céac sé thyc theo nguyen ly mé réng
(extension pr|n0|ple) thi o trong g la cac phep toan + va x cac bd ba xac suat meo (V, a, B) va
ta c6 mot dai s6 cac bd ba x4c suat mo trén tap sb thuc.

3. TINH CHAT CUA CAC POI TWONG XAC SUAT MO’

Trong FPOB, tinh chét (nghfa la thudc tinh va phwong thire) cia Ié&p khéng chi dwoc mé rong
dé co thé nhan gia trj tdp mo, ma con c6 thé dwee mé hinh héa cho kha ndng ap dung khéng chéc
chén cta cac déi twong.

3.1 Phan cép Iép FPOB
Déi v&i FPOB, chiing t6i van duy tri mé hinh phan cap I&p nhw trong POB. Hinh 3.1 1a mét vi
du vé phan cép |&p cac bénh nhan (patient) dwoc phan loai nhw 1a tré nhé (child), &ré vi thanh nién
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(teenager) hoac ngudi Ion (adulf) hay nhw 1a bénh nhan ngoai tri (out_patient) hoac bénh nhan ndi
tra (in_patient).

PATIENT
O.N 04 02 0.4
OUT_PATIENT IN_PATIENT CHILD TEENAGER ADULT
0.2 0.8 0.6 0.3
OUT_TEENAGER IN_ADULT

Hinh 3.1: Mét vi du phan cép 16p trong FPOB

Cac I6p con cta mot Iép cung lién két véi mot nat d 1a loai trir 1an nhau. Trong vi du nay Iép
PATIENT c6 hai nhém I&p con 1a {OUT_PATIENT, IN_PATIENT} va {CHILD, TEENAGER, ADULT}.
Cac gia tri so trong khoang [0, 1] trén cac cung lién két gitra mot I&p vé&i 16p con tryc tiép cda né
biéu dién xac suat c6 diéu kién @& maot déi twong thudce I&p cha 1a thudc I&p con clia nd. Ching
han, sy phan cap nay chi ra ring mot déi twong bat ky ctia PATIENT c6 80% kha nang thudc vé
OUT_PATIENT trong khi chi ¢c6 20% kha ndng con lai thuéc vé IN_PATIENT.

3.2 Thudc tinh va phwong thirc I&p FPOB

Nhw trong mé hinh hwéng dbi twong truyén théng, trong [6] mbi I&p dwoc dac trwvng béi mot
sb thudc tinh ma cac gia tri clia chiing cé cac kiéu twong (’ng nao dé. O day, chling t6i mé& rong mod
hinh trong [6] hon nira v&i phwong thire va st dung khai niém tinh chét (property) dé thong nhéat
chi chung cho ¢ thugc tinh va phwong thirc. M&i mét tinh chat cé kiéu va gia tri ctia né. D6i véi mot
phwong thire, kiéu va gia tri cia né dwoc xac dinh phu thudc vao kiéu va gia tri ctia cac dbi sé cua
ham dinh nghia phwong thirc 6. Hon niva, mdi tinh chat dwoc két hop véi mot khoang xac suét
biéu dién kha nang ap dung khong chéc chn cta né ddi véi lép trong d6 né dwee dinh nghia.

Dinh nghia 3.2.1 Gia sir ®la mot tap céc tinh chat va 7 13 mot tap cac kiéu co sé (atomic
type). Cac kiéu dwoe dinh nghia mét cach dé qui nhw sau:

M0i kiéu co’ s& trong 7 13 mot kiéu.

1. Néu 1 la mét kiéu, thi {t} 1a mét kiéu, dwoc goi la kiéu tap mo (fuzzy set type) cia 1.

Néu P, P,, ..., P la cac tinh chat doi mdt khac nhau trong 2, T,va T, v&i moi ity 1 dén k va j
tir 1 dén n Ia cac k|eu [/, u] voi moiitir 1 dén k la cac khoang con cua khoang [0, 1], thit=[P (T,
Tipr oo 1n) T [I1,u] P(1,, T, - rzn) Tl U], s P(Tes Tir - kn) t[lk,u]] la mét kiéu dwoc goi
la kiéu bo tréen{P, P, ..., P}. Chung t6i goi P,, P ..., P _lacéac tmh chét mirc cao nhét (top-level
property) clia 1. Cac ky hiéu T.P va [1.P] dwcrc sff dung de biéu thj 1an lwot Tvall, ul.

Trong dinh nghia trén, cac T, biéu dién tap ddi sb cua P khind la mét phwong thirc va ching la
réng khi P la thudc tinh. Tuy nhlen trong mét nglr canh nao do cac dbisé T, c6 thé dwoc bé qua néu
thay khong nhét thiét phai ké dén ching. Bdi véi mbi P, néu |.=u=1thi [I u] cé thé dwoc bé qua.

Vi du 3.2.1 Trong CSDL céc bénh nhan & trén, céc tinh chat cé thé la name, age, address,


Pham Ngoc Huyen
Textbox
31

Pham Ngoc Huyen
Textbox
TẠP CHÍ KHOA HỌC TRƯỜNG ĐẠI HỌC MỞ TP.HCM -  SỐ 4 (1) 2009


32 TAP CHi KHOA HOC TRUONG BAI HOC MO TP.HCM - SO 4 (1) 2009

check_date, medical_history, disease mo ta thong tin vé tén, tudi, dia chi, ngay kham, lich str bénh
va loai bénh cia méi bénh nhan. M6t sé tinh chat khac c6 thé la duration, check_again, cost_per_
day, total_cost dinh nghia thei gian diéu tri, ngay tai kham, chi phi diéu tri méi ngay va téng chi phi
diéu tri ciia mdi bénh nhan. & day total_cost [a mdt phwong thirc tinh toan téng chi phi diéu tri ma
bé&nh nhan phai tra trong thoi gian diéu tri tai bénh vién. Mot sé kiéu co s& c6 thé 1a integer, real,
string va datetype. Cac kiéu tap me va kiéu bo 1a {real} va [name: string, age: {real}, address:
string, check_date: datetype, medical_history: {string}[0.8, 1], disease: string, duration: {real},
cost_per_day: {real}, total_cost([duration: {real}], [cost_per_day: {real}]): {real}]. &' day, medical_
history: {string}[0.8, 1] biéu di&n it nhat 80% bénh nhan cé tién sir bénh.

Trong FPOB, gié tri tinh chat cta dbi twong khéng chi dwee mé rong dbi véi cac tdp me nhw
trong [6] ma mbi gia tri con dwoc két hop véi mét khodng xac suat biéu dién mirc do ap dung cla
cac tinh chat cd thé nhan gia tri nay.

Dinh nghia 3.2.2 Gia sir mdi kiéu co' s& 1€ 7'c6 mot mién xac dinh dom(t) két hop véi né.
Gia tri (value) dwoc dinh nghia moét cach dé qui nhw sau:

V&i mbi kiéu co s& T e 7, thi moi ve dom(t) 1a mot gia tri kiéu T.

1. V&i mbit e 7, thi moi tap tap md trén dom(t) 1& mot gia tri kiéu {1}

2. NéuP,,..., P, la cac tinh chat déi mét khac nhau trong P va v&i moi i tir 1 dén k, v, la gia tri
cua 1, [I', u’] va [l, u] la cac khoang con cda [0, 1], thi [P v [/, u'],..., P v I, u']] 1a mét gia tri
kiéut =[P t,[l, ul..., P: 1l ull.

Trong Dinh nghia 3.2.1, mbi khoang xac suét [/, u] lweng hda kha néng &p dung cua P, déi voi
tat ca cac ddi twong coé kiéu 1 néi chung. Nghia 13, xac suat cho mét ddi tweng ngau nhién kiéu 1 ¢6
tinh chat P la gilra / va u. Nhwng trong Dinh nghia 3.2.2 ma&i khodng xac suat [, u’] chira kha nang
ap dung cda P, doi voi mot ddi twong cu thé kiéu 1. Vi vay, [1, u] chi la gia tri mac dinh dya trén co
s& thdng ké va khdng nhat thiét phai bang [/, u’].

Vidu 3.2.2 Gia str young, middle_aged, old1a cac nhdn ngdn ngir ctia cac s6 mortrén dom(real)
nhw Hinh 3.2.2, thi [name: Ho V.T, age: middle_aged, address: Cantho, check_date: 21-3-08,
medical_history: {cholecystitis}[0.7, 1], disease: hepatitis] 1a mdt gia tri kiéu [name: string, age:
{real}, address: string, check_date: datetype, medical_history: {string}[0.8, 1], disease: string].

A

middle_aged

>

10 20 30 40 50 60 age -

Hinh 3.2.2: Cac gia tri tdp mo caa thudc tinh age

Dinh nghfa gia tri khdng chéc chan va khéng chinh xac trong [6] bay gi®& dwg'c mé réng cho
gia tri cling nhw cac déi sé ciia phwong thirc.

Pinh nghia 3.2.3 Gia st P1""i P, la cac tinh chat déi mét phan biét trong P, Vva !/,.jtu«yng
rng la cac tap hiru han cac gia tri kieu 1, va T, [a,B]va [a,./., B,—,] la cac cap phan bo xac suat trén V,

va V,, v6i moiitir 1 dén kvajtie 1 dén n, [, u'] < [0, 1] v6i 1 < i < k. Thi fotv = [P,(V,,, a,,, B,,),

T <V1/71’ a1n1’ B‘In1>): <,V1' (11, |31>[I,1’ ul1]’ T Pk«vk‘l’ ak1’ Bm)’ T <ank’ qknk’ Bknk»: <Vk’ ak’ Bk>[l, ’ ulk]] la
mot gia trj bo xac suat mo (fuzzy-probabilistic tuple value) kieu [P (T,,,..., T1n1)2 i, ul, ..., P
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Tknk)i rll, ulltrén{P,,...,P,}. Cac ky hiéu fptv.P va [fptv.P] twrong (rng dwoc sir dung dé biéu thi v,
a,Byvalr, uvl.

O day, mdi P, [I, u] hodc [I’, u’] biéu dién tinh khdng chéc chén ctia P, trong khi [a, B] biéu
dién tinh khéng chac chan vé gia tri ctia P,trén V, khi P.dwoc ap dung.

Vi du 3.2.3 Gia str, m6t bénh nhan c6 tén 1a HO . T, tudi la frung nién (middle_aged) va dia chi
|3 CAn Tho dwoc khdm bénh va bac st chwa biét chic chdn bénh nhan bj bénh gi. Tuy nhién, qua
c4c triéu chirng bénh cta bénh nhan va bang kinh nghiém thyc té, 6ng c6 thé dwa ra phan doan 1a
50% kha nang bé&nh nhan nay bj bénh viém gan (hepatitis) hoac xo gan (cirrhosis). Hon nira, v&i
mot s6 thdng tin vé sirc khde do bénh nhan cung cp, bac si cho rdng it nhat 70% kha nang bénh
nhan nay tirng c6 tién stv bénh, va bénh d6 cd thé Ia viém tui mét (cholecystitis) hodc séi mét (gall-
stone). Ngoai ra, néu chi phi diéu tri mdi ngay la khodng 60 nghin ddng va thoi gian diéu trj dwoc
wéc doan la 30 hodc 32 ngay v&i xac suat 40% -60%, thi théng tin nay cé thé dwoce biéu dién b
mat gia tri bd xac suat mé [name: ({Ho V. T}, u, uy, age: {middle_aged}, u, u), address: ({Cantho},
u, uy, medical_history: ({{cholecystitis}, {gall-stone}}, u, u)[0.7, 1], disease: ({hepatitis, cirrhosis}, u,
u), duration: ({30, 32}, 0.8u, 1.2u), cost_per_day: {about_603}, u, u)], trong dé about_60 la moét gia
tri tAp mo.

3.3 Lwoc d6 FPOB

Lwoc dd FPOB dwoc mé rong tir lwoc dd POB véi phwong thire I&p va kha ndng ap dung
khong chéc chan cac tinh chat 1&p ctia cac ddi twong.

Dinh nghia 3.3.1 M6t luoc dé FPOB 1a mot bd sau S = (¢, T, =, me, @, ), trong d6:

1. cla mét tap hiru han cac 1&p (d6 1a cac I6p dwoc két hop véi FPOB).

2. 714 mdt 4nh xa dat twong (rng méi I&p ce ¢ véi mét kiéu bd 1(¢) biéu dién cac tinh chét, kiéu
va kha nang ap dung cta chung dbi v&i cac ddi twong trong 16p do.

3. = la mot quan hé hai ngdi trén ¢ sao cho (¢, =) 1a mét dd thi c6 hwéng khédng ¢é chu trinh,
moi mét dinh cta (¢, =) 1a mét I1&p trong ¢, méi canh c1= 2 biéu dién c7la mét I&p con trye tiép
cua c2.

4. me 1 mét anh xa dat twong (rng méi I6p ce ¢ véi mét phan hoach cia tap tat ca cac 16p con
tree tiép clia ¢ sao cho cac I&p trong méi nhdm clia me(c) 1a tach rdvi va loai trir [An nhau.

5. g la mot anh xa dat twong (rng mdi canh 4= ctrong (¢, =) v&i mot sd hivu ti o (4 o trong
khoang [0, 1] nhw la xac suét c6 diéu kién dé mét ddi twong dwoc chon mdt cach ngdu nhién cua
I&p cla thudc vé 16p d sao cho tdng sde Pp (4, ) <1,V e ¢, VPe meo).

f1a mét anh xa dat twong wng mébi tinh chét P(z,, 7,, ... 7, ) 7. vOi mot ham tir cac tich
Descartes cta cac bd ba xac suat mé kiéu T dén céac bd ba Xac suat m kiéu T. Vé tryee giac f(P)
dinh nghia P nhw |a mét phwong thirc xac suat me, co tap ddi so va gia tri tra vé 1a cac bd ba xac
suat mo.

Mét duong di c6 hudng (directed path) trong (¢, =) 1a mét day cac Io’p €y Gy ---s G S0 ChO
= ¢, = ... = ¢ VOi k2 1. Ky hiéu c =* 4/duwoc str dung dé biéu thj cho sy tdn tai mot dwdng di tir
cdén £

Vi du 3.3.1 Mot lwge 46 FPOB cho co s& d6i twong cac bénh nhan da néu trén cé thé dwoc

dinh nghia nhw sau:

C={PAT IENT, OUT_PATIENT, IN_PATIENT, CHILD, TEENAGER, ADULT, OUT_TEENAGER,
IN_ADULT}.

rdwoc cho trong Bang 3.3.1, v&i lwu y, cac I&p con c6 thé thira ké tinh chét tir cac 1&p cha
ctia chung.
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Bang 3.3.1: Anh xa gan kiéu =

c Ao
[name: string, age: {real}, address: string,
PATIENT check_date: datetype, disease: string, duration:{integer}, cost_
per_day: {real}, total_cost: {real}]
OUT_PATIENT [check_again: datetype[0.95, 1]]
IN_PATIENT [bed_no: string]
CHILD [medical_history: {string}[0.4, 0.6]]
TEENAGER [medical_history: {string}[0.6, 0.8]]
ADULT [medical_history: {string}[0.8, 1]]
OUT_TEENAGER 0
IN_ADULT 0

(¢, =), me, o dwgre cho nhw trong Hinh 3.1, va f dinh nghia phwong thirc total_cost st dung
dai s6 cac bo ba xac suat mo trong Dinh nghia 2.3.2 nhw sau:

PATIENT: total_cost(duration: (V, a, B,), cost_per_day: (V,, a,, B.)): (V, a, B)

1.4V, a,B):=(V,,a,B,)x(V,a,p)

2. return (V, q, B)

4. THU'C HIEN VA THUA KE KHONG CHAC CHAN TRONG FPOB

4.1 Cac thé hién FPOB

Cho mét lwgrc dd FPOB, mdt thé hién FPOB trén lwec dd nay 1a mét co s& ddi twong dwoc
két hop v&i cac gia tri bd xac suat mé twong rng véi kiu cia méi I&p cda ching nhw dinh nghia
sau.

DPinh nghia 4.1.1 Gid sir S=((, 1, =, me, £, /) 1a moét lwoc dd FPOB va O 1a mét tap cac dinh
danh ddi turong (object identifier - oid), mét thé hién FPOB (FPOB-instance) trén S 1a mot cap (T,
v), trong d6:

1. M ¢ — 2°13 4anh xa dat twong &ng mdi Iop ¢ thudc ¢ v&i mot tap con hiru han cuia tap O,
sao chom(c) Nm(c,) =09,V c#c,e C

2. vla anh xa dat twong (rng mdi o € m(d) v&i mot gia tri bd xac suat me [PV, a, B, ul]l,
e PV, BOIL, ull kiéu 1(¢), v&i moi ce m(0).

Vi du 4.1.1 M6t thé hién cida lwgre dd FPOB trong Vi du 3.3.1 dwoce chi ra trong cac Bang 4.1.1
va 4.1.2. O day, about_60 = {59: 0.5, 60: 1, 61: 0.5} |a mdt s mo thé hién chi phi diéu tri xap xi moi
ngay clia mot bénh nhan, dwoc biéu di&n bdi 0,, about_1800 =30 x about_60={1770: 0.5, 1800: 1,
1830: 0.5} va about_2400 = 40 x about_60 = {2360: 0.5, 2400: 1, 2440: 0.5}la cac sO m& biéu dien
tdng chi phi diéu tri cia bénh nhan nay. Trong khi d6 medical_history: ({{cholecystitis}}, u, ud[0.7, 1]
biéu dién kha nang it nhat 70% o, c6 tién sir bénh viém tai mat. Don vi tién chi phi diéu tri m6i ngay
va téng chi phi phai tra ctia cac bénh nhan trong Bang 4.1.2 1a mét nghin déng Viét Nam.
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Bang 4.1.1: Anh xa déi twong n va n*

c T(c) *(c)
PATIENT {o,} {0,,0,.0,,0,}
OUT_PATIENT 1} {o,. 0.}
IN_PATIENT {1 {o,}
CHILD 1 1
TEENAGER {1 {o,.0,}
ADULT 1} {o,}
OUT_TEENAGER {o,. 0, {o,. 0,
IN_ADULT {o,} {o,}
Bang 4.1.2: Anh xa gan gia tri v
oid | v(oid)
[name: ({Le H}. u, u), age: ({45}, u, u), address: ({Saigon}. u. u), check_date: ({20-3-08}, u,
o uy, medical_history: ({{bronchitis}}. u, u)[0.32, 0.4], disease: ({lung cancer, tuberculosis}, 0.8u,
' | 1.2u), duration: ({400, 500}, u, u), cost_per_day: ({300}, u, u), total_cost: ({120,000, 150,000},
u, u)l
[name: ({Tran T.L}, u, u), age: {16}, u, u), address: ({Binhduong}, u, u), check_date: ({20-3-
o, | 08}, u, uy, disease: ({flu}, u, u), duration: ({7}, u, u), cost_per_day: ({30}. u, u), total_cost:
({210}, u, u)]
[name: ({Nguyen H.L}, u. u), age: ({young}. u, u), address: ({Hanoi}, u, u), check_date: ({21-3-
o, | 08}, u, u), disease: ({angina}, u, u), duration: ({10}, u, u), check_again: ({27-3-08}, u, 1)[0.9, 1],
cost_per_day: ({160, 170}, 0.8u, u), total_cost: ({1600, 1700}, 0.8u, u)]
[name: ({Ho 1".T}. u. u), age: {{middle_aged}. u, u), address: {{Cantho}, u, u), check_date: ({21-
o 3-081, u, u), medical_history: ({{cholecystitis}}, u, u)[0.7, 1], disease: ({hepatitis, cirrhosis}, u,
+ | u), duration: ({30, 401, u, u), bed_no: {435}, u. u), cost_per_day: ({about 60}, u, u), total_cost:
{about 1800, about 2400%, u. u)]

4.2 Pham vi xac suéat cta Iép FPOB

Trong co s& ddi twong truyén thdng, pham vi (extent) ciia mét I&p bao gébm tat cd cac ddi
twong thudc vé 16p do. Trong co s& dbi twong md hodc xac suét, do tinh thanh vién va kha nang
ap dung tinh chét 1&p 1a khéng chac chan ([6], [7], [9], [14]) nén pham vi cia mét I&p |a khéng chac
chan. Déi véi FPOB, pham vi ctia mét 16p chi xac suat @& méi ddi twong thudc Iép d6 va dwoc dinh

nghia nhw sau.

Dinh nghia 4.2.1 Gia st¥ I = (, v) la m6t thé hién trén mét lwoc dd FPOB S = (G 1, =, me, P,
). Voi mbi lop ce ¢, pham vi xac suét (probabilistic extent) cda ¢, dwoc ky hiéu ext(d), 1a mét anh xa
dat twong (’ng mdi o € () v&i mét tap cac sé hiru ti trong khoang [0, 1] sao cho:

1. Néu 0 € (9, thi ext()(0) = {1}.

2.Néu o e w*dj va € (d) N € (¢) = & v&i moi md hinh € cia S thi ext(d (o) = {0}.
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3. Nguwoc lai, ext(d)(o) = {p | p la tich clia c4c xac suat cac canh trén mdt dwdng di tir ¢ dén mot
lép d e C, & d6 d 1a I&p nhé nhat sao cho oe T*(d) va c =* 4.

Nhw vay, khodng xac suat dé dbi twong o 1a thanh vién cha 16p cla [min(ext(d (o), max(ext(d
O] , ‘ ,

Vidu 4.2.1 Gia str I la thé hién cta lwgc @6 FPOB trong Vi du 4.1.1, pham vi xac suat cuia lop
IN_ADULT dwoc xac dinh nhw sau:

ext(IN_ADULT)(o,)={0.12} ext(IN_ADULT)(0,)={0.0}.

ext(IN_ADULT)(0,)={0.0} ext(IN_ADULT)(o,)={1.0}.

4.3 Thira ké khong chac chin cua cac déi twong FPOB

Trong [9] va [6], nhirng mé hinh co s& dbi twong xac suat hodc xac suat me, da st dung cung
mot chién lwoc thira ké cd dién dé xac dinh cac thudc tinh dwoc thira ké cho mét 1&p déi twong. Co
ché nay chi xét quan hé thira ké cta mét I&p ddi véi I¢p cha cia né. Theo d6, mdi lép dodi twong
chac chén thira ké moi tinh chat caa I6p cha nhé nhéat (minimal super-class) cia né. Tuy nhién,
trong cac md hinh nay, méi déi twong khéng chac chén 14 thanh vién cia mét Iop. Do d6, mét co
ché thira ké nhw vay 13 con han ché.

Déi véi FPOB, khéng chi thanh vién 1&p khéng chéc chan ma kha nang ap dung tinh chét 16p
ciing khéng chac chan. Hé qua la thira ké va da thira ké trong FPOB ciing khéng chéc chan. Trong
FPOB, ching t6i 4p dung co ché thira ké trong [3] nhwng v&i cac chién lwoc hdi xac suét thay vi
lay tich clia mirc d6 thanh vién I&p cia déi twong va mirc dd kha nang ap dung tinh chat 1&p nhw
trong mo hinh nay.

Dinh nghia 4.3.1 Gia st [/, u] la khodng xac suét biéu dién khad ndng ap dung cua tinh chét
P dbi v&i 1op ¢ va [x, y] 1a khoang xac suét biéu dién mirc dd thanh vién cta ddi twong o déi véi c,
thi khoang xac suét biéu dién kha ndng 4p dung cia P dbi v&i o dwoce dinh nghia la [/, u] ® [x, y],
trong d6 ® la mét chién lwoc hdi xac suéat.

Nhuw vay, v&i mot I&p ¢ c6 mirc d6 4p dung tinh chat P 1a [I, u], thi mirc d6 thura ké (inheritance
degree) P cua ddi twong o 1a [/, u] ® [x, y] néu [x, y] 1a khodng xac suét dé o la thanh vién cua
c. Chling t6i goi cach tinh toan mirc a6 thira ké nhw vay la mét co ché thira ké khéng chéc chan
(uncertain inheritance mechanism) cac tinh chat I&p cla cac déi twong trong FPOB.

DPéi voi cac lwge dd FPOB, mot mé rong cda chién lwoc thira ké cac lwoc dd POB dwoc ap
dung dé tinh toan tinh chat cia cac I&p cha dwoc thira ké béi cac I¢p con cla ching. Theo do,
mot lwgc 6 FPOB S = (¢, 7, =, me, ¢, /) khi ap dung co ché thira ké nay s& dan dén mét lwgc dd
FPOB m¢&i S* = (¢, 7, =, me, @, ) chikhac S phép gan kiéu =* va dién dich ham /. Cu thé hon,
voimdice ¢ 1) = [P 1(d).PI, u]... P 1(d).PJI’, u’l] va f*(P) = £,(P), trong d6 P, v6i kha
nang ap dung [I’, u’], Vi =1,..., k, twong (rng la tinh chat mirc cao nhat clia cac I6p d,,..., d dwoc
thira ké bai ¢, ky hiéu f_la dién dich ham thu hep cua f trén cac tinh chat cda I1&p d. Mot lwoc db S
la dwoc thiva ké day di néu va chinéu S = S*,

Vi du 4.3.1 Gia s S 1a lwgc dd co s& cac bénh nhan trong Vi du 3.3.1 véi kiéu ctia méi lop
trong Bang 3.3.1, thi két qua cua ap dung chién lwoc thira ké trén S theo chién lwoc hoi doc lap
®, 1a moét lwgc 3o m&i S* voi mot thé hién, trong d6 cac doi tong co thé thira ké khdng chéc
chan, dwoc cho trong Bang 4.1.2. Chang han, bénh nhan, dwoc biéu dién bdi o,, thira ké thudc
tinh medical_history v&i khodng xac suét [0.8, 1] va it nhat 70% kha ning 4p dung tinh chét nay.
Trong khi d6, cac ddi twong o, va o, thira ké medical_history v&i khoang xac suét [0.6, 0.8] nhuwng
khong ap dung tinh chat nay. Hon nira, trong mé hinh FPOB, mét d6i twong cia 16p cha cé thé
thira ké khong chac chan mét tinh chét cia Iop con. Chang han, ddi twong o, thira ké thudc tinh
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medical_history ctia I&p ADULT v&i xac suat [0.32, 0.4] va kha ndng &p dung tinh chat nay ciing 1a
[0.32, 0.4].

Kha ndng ap dung cung v&i kha nang nhan gia tri khong chac chén ctia mét tinh chét cia dbi
twong la kha ndng nhan gia tri cu thé cua tinh chat do. Vi vay, chung t6i két hop kha nang ap dung
va kha nang nhan gia trj khéng chac chén ctia mét tinh chat déi véi mot dbi twong thanh kha nang
nhan gia tri khéng chéc chén hop nhéat cha tinh chat cho dbi twong nhw dinh nghia dwéi day.

Dinh nghia 4.3.2 Gia sir (V, a, B) la bd ba xac suat mo biéu dién gia tri khong chic chén caa
tinh chat P ctia déi twong o va [/, u] la khodng xac suét biéu dién kha néng ap dung clia P ddi vé&i
0. B6 ba xac suat mo duoc suy dén (derived fuzzy-probabilistic triple) két hop khd ndng ap dung
va kha nang nhan gia tri ctia P di v&i o, ky hiéu (V, a, B)II, ul), 1a (V, o, B’) trong d6 [a’(v), B’(V)] =
[a(v), BMWI® [I, u] v&i moive V.

5. PHEP CHON TREN FPOB

5.1 Ca phap cua diéu kién chon

Ciing nhw trong co’ s& ddi twong truyén thdng, phép chon la mot phép toan dai s6 co ban trén
FPOB. N6i mét cach khéng hinh thirc, két quéa cia mét truy van chon trén mét thé hién I cia mét
lwoc dd S 1a mot thé hién I’ trén S sao cho cac déi twong cla cac I&p trong I’ ¢ cac gia trj thudc
tinh va phwong thirc théa man diéu kién chon cta truy van nay. Trwde khi dinh nghia hinh thirc cac
diéu kién chon (selection condition) va phép chon (selection), ching t6i gi¢i thiéu cd phap cla cac
biéu thirc dwdng di nhw mét mé rong cla cac biéu thire dwdng di trong [6]. D6 1a moét day céc tinh
chat dwoc két hop véi mét khoang xac suét biéu dién kha nang ap dung cua ching.

Pinh nghia 511 Giasv =[P 1[/, ul,..., P: 11, u]ll la mot kiéu bod. Biéu thirc duong di
(path expression) dwgec dinh nghfa mot cach dé qui cho moi jtir 1 dén k nhw sau:

1. P,1a mét biéu thirc dwdng di cho 1, va [I, u] 1a khoang xac suit dwoc két hop véi biéu thire
dwong di nay.

2. Néu A, 1a mét biéu thirc dwong di cho 1, [/, u,]1a khoang xac suat két hop véino, thi P.A, 1a
mét biéu thire dwomg di 1, va [I, u] ® [I,, u,] 1a khoang xac suat dwoc két hop véi biéu thirc dwdng
di nay.

Chuing téi ky hiéu [A] @& biéu thi khodng xac suat dwoc két hop véi biéu thire dwong di A.

Vi du 5.1.1 Gia str 1 = [name: string, age: {real}, address: [street: string, postcode: string|0,
0.1]], medical_history: {string}[0.4, 0.6]], thi medical_history va address.postcode la cac biéu thirc
dwong di cho 1 v&i cac khodng xac suat két hop twong (rng theo chién lworc hoi doc lap 14 [0.4, 0.6]
va [0, 0.1].

Bay gi® cac biéu thirc chon trong FPOB, nhw trong [14], dwg'c mé rong tir [6] dé khong chi cho
phép truy van gia tri khdng chac chan, khéng chinh xac ma ca kha nang ap dung khéng chic chan
cua cac tinh chét cia cac déi twong.

Pinh nghia 5.1.2 Gia sir S = (¢, 7, =, me, p, f) Ia mot lwgc dd FPOB, va X la mét tap cac bién
doi twong. Cac biéu thirc chon dwge dinh nghfa mét cach dé qui va cé moét trong cac dang sau:

1. x e ¢, trong dé xe X va ceC.

2. x.A, trong d6 xe X, va A la mét biéu thirc dwong di.

3. x.A 8 v, trong d6 xe X, Ala mét biéu thirc dwdng di, 8 1a moét quan hé hai ngdi trong {=, #, <,
<, ¢,e,—}, va via mét gia tri.

4. x.A\,= ® x.\,, trong d6 xe X, A, va A, 1a cac biéu thirc dwdng di phan biét, va ® 1a mét chién
lwoe hoi xac suat ket hop cac xac suat dé x.A = v, va x.A,= v, sao cho v, = v,

5. E, ® E,, trong d6 E, va E, la cac biéu thirc chon trén cing mét bién ddi twong, ® 1a mat
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chién lwoc hoi xac suét két hop cac xac suét dé E, va E, dung.

6. E, ® E,, trong d6 E, va E, 1a cac biéu thirc chon trén cting mét bién déi twong, ® la mét
chién lwoc tuyén xac suat két hop cac xac suat dé E, va E, dang.

Viduy 5.1.2 Gid st S 1a lwgc dd FPOB cua thé hién trong Vi dy 4.1.1, thi chon “tat ca cac bénh
nhan tré cé tién st bénh” c6 thé dwoc biéu dién béi x.age — young ® x.medical_history.

Céac diéu kién chon bay gio dwoc dinh nghia nhw trong [14]. D6 1a cac biéu thirc chon phai
dwoc thda man mét xac suat trong mot khoang nao d6.

Dinh nghia 5.1.3 Gid stv S = (C, 7, =, me, ¢, ) 1a mot lwoc d6 FPOB, cac diéu kién chon
(selection condition) dwgc dinh nghfa mét cach dé qui nhw sau:

1. Néu E 1a mot biéu thirc chon , L va U la cac sb thwe trong khoang [0, 1], L < U thi (E)[L, U]
Ia mot diéu kién chon.

2. Néu ¢ va y la cac diéu kién chon trén cung mét bién dbi twong thi ~@, (@ A ), (¢ v W) la
cac diéu kién chon.

Vi du 5.1.3 Chon “tat ca c4c bénh nhan tré véi mot xac suat it nhat 1a 0.4 va c¢é bénh ung thw
phdi véi mot xac suat it nhat 12 0.8” c6 thé dwoc thwe hién bai diéu kién chon (x.age — young) [0.4,
1] A (x.disease = lung cancer) [0.8, 1].

5.2 Ngi¥ nghia cua diéu kién chon

Pé dinh nghia ngl¥ nghia cho cac diéu kién chon, trwéc tién, ching téi gidi thiéu ngir nghia
clia cac biéu thirc dworng di, biéu thire chon nhw [& mé réng cac dinh nghia twong (ng cla cac khai
niém nay trong [9] va [6] v&i khd ndng ap dung khdng chac chén cla cac tinh chét.

Binh nghia .21 Giasw =[P 1[,,u],.... P:1ll, u]l 1a mét kiéu b6 va v = P vlr,ul],...,
P:v]Il, u' ]l 1a mét gia tri ki€u T. Dién djch (interpretation) cia mét biéu thirc dwong di A doi véi 1
theo v 1a gia tri va khoang xac suét két hop v&i dwéng di nay, twong (rng dwoc biéu thi bdi v.A va
[v.A], dwoe dinh nghfa mét cach dé qui nhw sau:

1. Néu A= P,thiv.h = v va[vAl =1, u].

2. NéuA = P,A, trong @6 Ala mét biéu thirc dwong di d6i v6i 1,va [v.A] = [I,, u,], thi v.A = v\,
va[vAl=[I, uv]® |l p uA/].

Vidu 5.2.1 Gia sir 1 = [name: string, age: {real}, address: [street: string, postcode: string[0,
0.1]], medical_history: {string}[0.4, 0.6]], thi dién dich cta biéu thirc dwérng di address.postcode
theo gia tri v = [name: Nguyen L.A, age: young, address: [street: 135-XVNT-TPHCM, postcode:
2468A[0, 0.5]], medical_history: {fonsillitis}[0.4, 0.6]] 1a gia tri 2468A va khoang xac suét [0, 0.5].

Dinh nghia 5.2.2 Gid siv S = (¢, T, =, me, 2, ) 1a mot lwge 46 FPOB, I = (1, v) 1a mot thé hién
trén S, x 1a mét bién ddi tweng va o e (C). Dién dich x&c suét cia cac biéu thirc chon theo S, Iva
0, dwoc biéu thi bai proby, , 1a mot anh xa bé phan tir tap tat ca cac biéu thirc chon dén tap tat ca
cac khoang con dong cua khoang [0, 1] va dwoc dinh nghia dé qui nhw sau:

1. probg, (x € ¢) = [min(ext(c)(0)), max(ext(c)(0))].

2. prob,, (x.A\) = [v(0).PI® (@ __ € , ([a(w), B(W)] ® [w.N])), trong d6 A= P.N', v(0).P=(V, a, B)
va [v(0).P] a khodng xac suét biéu dién kha nang ap dung clia P ddi véi o; tuyén loaitrv @ _ e
([a(w), B(W)] ® [w.N]) cda [a(w), B(w)] ® [w.\] 1a khodng xac suét biéu dién kha nang ap dung cda
biéu thirc dwérng di N theo tap cac gia tri loai triv 13n nhau V cda tinh chat P cia dbi twong o.

3. probs’lyo(x.)\ Bv) =[Z e, aW).prob(w.N 8 v), min(1, Z e B'(w).prob(w.\' 6 v))], trong do A =
PN, [v(0).P] ® [W.N]1= I, u], v(0).P =(V, q, B) va [a’(w), B'(W)] = [a(w), BW)] ® [/, u] v&i moi we V.

4. probg, (x.A; =® X.A))

=[2 e, aW).prob(w,.N, =w,N), min(1, Z e B'(w).prob(w, A", =w,. N ))] trongdo A =P .\,
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[v(o).PJ®w,.N]=1[l, ul v(0).P,=(V, a,B) A=P.N, [V(0).P]®[w,.N]=I, u), v(0).P,=(V,,
a,, B,), va [a'(w), B'(w)] = [a,(w,), B,(w,)] @ [o,(w,), B(w)] ® [I,, 1] ® [L,, u,], v&i moi w = (w,, w,) e
V=VxV,.

5. probg, (E, ® E,) = probg, (E,) ® probg, (E,).

6. probg, (E, ® E,) = probg, (E|) ® probg, (E,).

Ve tryc giac, prob, (x.P.N) la khoang xac suat dé biéu thirc dwong di P.\ c6 thé ap dung cho
dbi twong o; probg, (x.P.N’ 6 v) 1a khoang xac suét dé biéu thirc dwong di P.A’ co thé ap dung cho
o dbng thoi tinh chat P cta o c6 gia tri w sao cho w.A’ © v. D6 la khodng xac suét dwoc tich hop
ttr kha nang ap dung khong chac chén cac tinh chét trong dwéng di P\’ va kha ndng nhan gi4 tri
w cia P sao cho gia tri tinh chat cubi cung trong dwdng di A’ théa man w.A’ 6 v (Dinh nghia 4.3.2);
probg, (x.P,.N', =® Xx.P,.\’)) 1a khoang xac suat dé P .\’ va P,.\’,c6 thé ap dung cho o, dong thoi P,
va P, cia o co6 cac gia tri twong (ng la w, va w,, sao cho w,.N’. = w,.\',. O day, cac biéu thirc dwérng
di N, N', va N, c6 thé réng. Ching t6i qui wéc [w.A] = [1, 1] néu N’ rdng.

1. Vi du 5.2.2 Gia s S la lwoc db cda thé hién I trong Vi du 4.1.1, thi probs’lm(x.medical_
history ®  x.duration 2 500) = probs’,m(x.medical_history) ®, probsylm(x.duration =500) =[0.32,0.4]
®, [u(400) x prob(400 = 500) + u(500) x prob(500 = 500), min(1, u(400) x prob(400 = 500) + u(500)
x prob(500 = 500))] = [0.32, 0.4] ®, [0.5, min(1, 0.5)] =[0.16, 0.2], la khoang xac suat dé bénh nhan,
dwoc biéu dién bdi o,, co tién st bénh va thoi gian diéu tri it nhat 1a 500 (ngay).

M6t ddi twong théa man mét diéu kién chon néu xac suét chon déi twong nay thudc vé khoang
xac suat dwoc yéu cau trong didu kién chon nhw dinh nghia sau.

Dinh nghia 5.2.3 Gid si* S = (C, 1, =, me, g, f) la mot lwgc d6 FPOB, I = (11, v) |a mot thé
hién trén S va o e T(C ). Sw théa mén cac diéu kién chon cua o theo dién dich xac suét prob,,
dwoc dinh nghia nhw sau: -

probg,  (E)IL, U] néu va chi néu proby, () < [L, U].

1. probg, = néu va chi néu prob,, ' @ khong thoa.

probg,, ® A y néu va chinéu prob, ‘¢ va prob, ‘ y.

probg, ® v g néu va chinéu probg, * @ hodc probg, ‘.

Vi du 5.2.3 Goi approxi_40 = (35: 0; 40: 1; 45: 0) la mé6t s6 mo lién tuc ¢6 dd thi ham thanh
vién dang tam giac c6 toa dd ba dinh 13 (40, 1), (35, 0) va (45, 0). Gia str S 1a lwvoc dd FPOB cua
thé hién Itrong Vi du 4.1.1, thi chon “t4t ca cac bénh nhan tudi x4p xi 40 v&i xac suét tir 0.2 dén 0.5
va c6 tién sir bénh v&i xac suét it nhat la 0.6” c6 thé dwoc thye hién béi diéu kién chon ¢ = (x.age
— approxi_40)[0.2, 0.5] A (x.medical_history)[0.6, 1].

Tw dinh nghia ham thanh vién clia approxi_40 & trén va middle_aged trong Vi du 3.2.2 ta c6
céc lat cat twong (rng clia ching la “approxi_40 = [35+5a, 45-5a] va °middle_aged = [20+15a, 60-
15a]. Theo Dinh nghia 2.2.2 ta c6:

11

| middle _aged N y(lpproxi 740|
prob(middle _aged — approxi _40) = JJ
00

c dxdy
| “iddle nged|

120+ 15,60~ 15x] A [35 + 57,45~ 5]

dxdy

1
.([ 120+15x,60~15x]
1
]
0

1=
Y dxdy
3x
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Xét di twong o , trong 1, thi probs’,’%(x.age — approxi_40) = [u(middle_aged) x prob(middle_
aged — approxi_40), min(1, u(middle_aged) x prob(middle_aged — approxi_40))] = [0.23, min(1,
0.23] =[0.23, 0.23]c[0.2,0.5] va pr?bs’,m(x.medical_history)= [0.7, 1,] c [0.6, 1]. Vay ;')robs’,’%‘ Q.

Bay gi®, phép chon trén cac thé hién FPOB dwoc dinh nghia dé cho phép truy van theo cac
diéu kién chon véi kha nang ap dung khéng chac chan cla cac tinh chét ddi twong nhw dwéi day.

Dinh nghia 5.2.4 Gia sir S = (C, 1, =, me, ¢, f) 1a mdt lwoc dd FPOB, I = (r, v) 1a mét thé
hién trén S va ¢ 1a mot diéu kién chon trén bién ddi twong x. Phép chon trén I theo @, dwoc ky hiéu
o, ), la mot thé hién I’= (1T, V') trén S, trong do:

m'(c) = {o € m(c)| probyg, * ¢} va

1.v =v|(C) (nghia la anh xa v thu hep trén T'(C)).

Vi du 5.2.4 Gia sir I = (11, v) la thé hién FPOB trén lwoc dd S trong Vi du 4.1.1. Thi truy van
“chon tat ca bénh nhan c¢6 tién st bénh viém tai mat v&i mot xac suét it nhat 12 0.6 va co thé phai
tra tong chi phi diéu trj 13 khoang 1800 v&i mdt xac suét it nhat 1 0.4” ¢ thé dwoc thie hién boi
phép chon

I'=ol)

trong do6, ¢ = (x.medical_history = {cholecystitis})[0.6, 1] A (x.total_cost(x.duration, x.cost_
per_day) — about_1800)[0.4, 1]. Thé hién I’ trén S bao gém chi mét déi twong o,, theo chién Iwoc
hoi doc lap. That vay, vi [a°’(w), B'W)] = [u(w), uw)] ®, [0.7, 1.0] = [0.7u(w), u(w)] v&i moi w e
{{cholecystitis}}, nén probg ,104(x.medical_history = {cholecystitis}) = [0.7, 1] — [0.6, 1]. Mat khac twr Vi
du 4.1.1tacé probsll’%(x.totaI_cost(x.duration, x.cost_per_day) — about_1800) = [u(about_1800)
x prob(about_1800 — about_1800) + u(about_2400) x prob(about_2400 — about_1800), min(1,
u(about_1800) x prob(about_1800 — about_1800) + u(about_2400) x prob(about_2400 —
ab,outT1800))] =[0.43, min(1, 0.43)] =[0.43, 0.43] c [0.4‘, 1]. Do 4o, probsl,’%‘ . Kiém tra twong tw,
thay rang khéng con doi twwong nao khac trong /thdéa di€u kién chon nay.

6. KET LUAN

Trong bai bao nay, chung t6i d4 trinh bay md hinh co’ s& ddi twong FPOB, nhw 1a mét mé réng
mé cda md hinh xac sut dwoc gidi thiéu béi Eiter va CS. FPOB hd tre phwong thire I&p va cho
phép kha nang ap dung khong chac chan cac tinh chat 1&p clia cac dbi twong. Trong FPOB, gia tri
cac tinh chéat déi twong khéng chac chan va khéng chinh xac dwoc biéu dién b&i cac phan bd xac
suét trén mot tap cac gia tri tdp me. Tinh khong chéc chan ciia kha ndng ap dung cac tinh chat dbi
twong dwoc biéu dién bdi mot khodng xac suat. Phwong thire I&p nhw 1a mét ham co dbi sé va gia
tri 1a cac bd ba xac suat mo.

Dién dich x&c suét ctia cac quan hé trén cac tap m& dwoc dé nghi, 1am co s& dé két hop xac
suét va gia tri tap m® vao trong mot mé hinh hop nhat. Mot dai s cac bd ba xac suat me dwoc
phat trién dé hd tro cho viéc dinh nghia cac phwong thirc I&p. Phép toan chon cac dbi twong dwoc
nghién ctru va dinh nghia mét cach hinh thirc trén mé hinh mdi cho phép truy van co’ s& dbi twong
v&i gia tri thudc tinh va phwong thire I&p khéng chac chan va khéng chinh xac.

Twr két qua nghién clru nay, trong twong lai, ching t6i s& mé rong hon nira FPOB v&i cac
phép toan dai s6 khac nhw chiéu (projection), két (join), vv., cho phép da thira ké khéng chac chan
va phat trién mét hé quan tri FPOB cho céc ap dung thuc té.
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TOM TAT
Bai bao nay gi&i thieu mét mé hinh co s& dbi twong xac suat mo (FPOB) 1a mé rong mé hinh
co s& ddi twong xac suét cua Eiter va cong sy (CS) v&i ba didc tinh chinh: (1) c&c gia tri khdng chac
chan va khéng chinh xac cia mét thudc tinh 16p (class attribute) dworc biéu dién bdi mot khoang
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phan bd xac suét trén mot tap cac gia tri tap mo; (2) cac phwong thire I6p (class method) véi cac
déi sb va gia trj khéng chac chan va khéng chinh xac dwece tich hgp mét cach hinh thirc vao md
hinh m&i; va (3) kha nang ap dung va thira ké cac tinh chat 16p (class property) 1a khéng chac chén.
M6t dién dich xac suét ciia cac quan hé trén cac gia tri tdp md va mot dai s6 cac bo ba xac suét
m& dwoc dé nghi dé tinh toan xac suat ciia cac quan hé tap md va cac gia tri clia cac tinh chat dbi
twong. Sau d6 lwee dd, thé hién va phép chon co s& ddi twong xac suat md dwoe dwoc nghién
ctru va dinh nghia mét cach hinh thirc dé hé tro’ truy van théng tin khdéng chac chan, khdmg chinh
xac trén FPOB.

Tw khéa: phan bd xac suét; kha nang ap dung khéng chac chan: tap md; phwong thirc Iop;
phép chon.

SUMMARY

This paper introduces a fuzzy and probabilistic object base model (FPOB) that extending Eiter
et al.’s probabilistic object base model with three key features: (1) uncertain and imprecise attribute
values are represented as probability distributions on a set of fuzzy set values; (2) class methods
with uncertain and imprecise input and output arguments are formally integrated into the new
model; and (3) applicability of class properties and their inheritance can be uncertain. A probabilistic
interpretation of relations on fuzzy set values and a fuzzy probabilistic triple algebra are proposed to
compute probability degrees of fuzzy set relations and values of object properties. Then the syntax
and semantics of fuzzy-probabilistic object base schemas, instances, and selection operation are
formally researched and defined to support queries with the imprecise and uncertain information
on FPOB.

Keywords: probability distribution; uncertain applicability; fuzzy sets; class methods; selection
operation.

Tén bai bao tiéng Anh: Integration of Uncertain Applicabilities of Class Properties intoa Fuzzy
and Probabilistic Object Base Model
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