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TOM TAT

Mot s6 chlen luoc giai quyét tinh  khong nhit quan ciia co s¢ tri thirc xac suét da duoc dé
Xuét va phat trién bang cach thay ddi c4u tric cta cac thanh phan bén trong co s¢ tri thuc, loai
b6 di mot phan tri thirc, danh gia mirc d6 khong nhét quan bang cach sir dung cac do do khong
nhit quan nhim thay ddi gi4 tri x4c sudt cua tri thire. Cac chién lugc nay thuong xay dung mot
ho cac toan tir & 1am cho mot co s tri thirc khong nhit quan tro thanh co s tri thue nhit quan.
Bai bao nay tép trung vao cach tiép can thir ba, xem xét thay doi gia tri xac suét ciia cac rang
budc xac suét trong co s& tri thire theo huéng don gian hon. Bai bao téng hop hai toan tir va dé
xuit méi mot khoi phuc tinh nhét quan cia co sO tri thue xdc suat, tr 46 dua ra mé hinh xur li
tinh khong nhit quan trong co s¢ tri thirc xac suét va tuong Umg voi mdi toan tir, mot thuat ton
giai quyét dugc dé xuat. Hon nita, chi phi cia mdi thudt toan ciing nhu cac nguyén 1i ki vong
cua cac toan tur khoi phuyc ciing dugc xem xét.

T khoa: co so tri thire xac sudt, do do khong nhat quan, rang bugc xac Sucft, toan tir
khéi phuc tinh nhat.

SOME METHODS OF HANDLING INCONSISTENCY
IN PROBABILISTIC KNOWLEDGE BASE

ABSTRACT

To solve the inconsistency of probabilistic knowledge bases, several strategies have been
proposed and developed by changing the structure of the components inside probabilistic
knowledge bases, removing a part of knowledge, and assessing the degree of inconsistency by
using inconsistent measures that change the probability value of knowledge. These strategies
typically construct a family of operators to convert an inconsistent probabilistic knowledge base
to a consistent one. This paper focuses on the third approach, considering changing the
probability values of probabilistic constraint in the probabilistic knowledge base towards a
simpler direction. This paper synthesizes two operators and proposes a new one to restore the
consistency of the probabilistic knowledge base. A model for dealing with inconsistencies in
the probabilistic knowledge base is also provided. A resolution algorithm is proposed for each
consistency restoring operator. Additionally, the cost of each algorithm, as well as the desirable
principles of operators, are taken into account.

Keywords: consistency restoring operator, inconsistency measure, probabilistic
constraint, probabilistic knowledge bases.
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1. PAT VAN PE

Mot s6 nghién clru gan day cho rang tich
hop co s¢ tri thite (CSTT) ¢6 lién quan chat
ché dén cac cac phwong phap xur li tinh
khong nhit quan cia CSTT. Trong qué trinh
tich hop CSTT, tinh khong nhit quan c6 thé
xay ra khi cac chuyén gia chia sé tri thirc cua
ho. Tinh khong nhat quan cta cac CSTT ¢
thé lam giam hiéu suit ciia cac hé théng quéan
li tri thirc cling nhu anh hu’orng chat lugng
cua CSTT chung. Co nhiéu cach tiép can dé
giai quyét tinh khong nhit quan. Tuy nhién,
cac giai phap nay phu thudc vao phuong
phap biéu dién CSTT (Nguyen, 2008). Ba
cach tiép can chinh dé giai quyét tinh khong
nhit quan d6 1a loai bo mot phan tri thire gy
ra mau thun, sira doi dinh tinh va stra d6i
dinh lugng.

Y tuong chinh cia bai toan xir li tinh
khong nhat quan bang cach loai bd mot phin
tri thire 1a xa8y dung mot tap hop céc heuristic
dé xur li tinh khong nhit quén, cu thé anh xa
mot CSTT xac suat ¢ thé khong nhét quan
 thanh mot CSTT nhit quan #* sao cho
H* C K. Phuong phap da ap dung thanh
cong dé phat hién 18i trong quan 1i va ap dung
tbt trong vi du thuc té. Tuy nhién, cach tiép
can ndy khong dya trén mot nén tang li
thuyét. Mot cach tiép can khac de giai quyét
tinh khong nhat quan 1a stra mot s cong thirc
sao cho thu dugc CSTT nhét quan (Rodder &
Xu, 2001; Kern-Isberner & Rodder, 2003).
Mdi cong thic (F,|G)ld,] € K, Vi=1,n
dugc thay bdi cong thire (FH |G;H))ld;] sao
cho % nhit quan. M&i cong thirc

(FIG)ld) € %, Yi=1,n dugc thay boi
cong thirc (F;|G,; H)[d,] sao cho 7 nhat quan
(Kern-Isberner & Rodder, 2003).

Mot cach tiép can xur 1i tinh khong nhit
quan d6 1a stra gia tri xac sudt clia cac rang
budc xac suit (RBXS) trong # theo cach
tiép can tbi thiéu sao cho CSTT x4c suét thu
duoc vdi gia tri clia cac rang budc da stra doi
nhit quan (Potyka, 2016; Bona, 2016).

_ Potyka (2016) st dung cac dg do vi pham
dé xay dung hai bai toan khdi phyc tinh nhat
quan trong CSTT c6 di€u kién xac suat.
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Phuong phap déu tién phu thudc vao cac ham
leo khong chéch £2 (6) dé xay dung bo khoi
phuc tinh nhat quan leo khong chéch
YY(%) = 2%(6"). Néu 6 =0 thi E2(0) =
. Néu § = 1 thi E,(1) nhat quéan. Ki thuat
khoi phyc tinh nhat quan 1a di tim mot 6* nho
nhat sao cho Ege (6*) nhat quan. Tuy nhién,
rat kho xay dung ham E% (6) vi no6 phu thudc
vao ham xéac suat dong thoi B, trén tap hop
cac thé giéi co thé theo ménh dé. Phuong
phap thir hai phu thuoc vao ham leo phat
£ (5) dé xay dung bo khoi phyc tinh nhét
quan leo khéng chéch YP(R) = :;(5). Néu
6 =0 thi EgZ(O) = . Ki thuat khéi phuc
tinh nhit quan 1a tim 6* € [0, 1] sao cho
:; (6*) nhét quan. Tuy nhién, xay dung ham
YP (%) = EL (5) 1a khong d& vi phai tim tit
ca cac nghiém cua bai toan téi wu xac dinh
vecto kha vi ciia Z.

Bing cach st dung do do khong nhat
quan, Bona (2016) da nghién ctru cac cach
tiép can dé giai quyet cac CSTT khong nhét
quan. Cach tlep can ddu tién dua trén cac do
do vi pham tdi thiéu Incl (R), Incp(%),
Inc°°(9i’) va nguyén li entropy cuc dai dé
bién db6i mot CSTT khong nhét quan thanh
nhit quan. Yﬂtu’orng chinh cua cach tiép can
nay la thay d6i xac suat diém bang cach xac
dinh toén ttr hop nhat ME tong quat T’y ().
Céch thir hai ké thira céch tiép cn thir nhat
nhung thay vi lam viéc voi xac suat di€m [p],
khoang xéc sut [Z, u] voi0 <[ <u <1dugc
phép ndéi long cho dén khi CSTT tré nén nhét
quan bang cach xay dung toan tir hop nhét
'%lf (). Tuy nhién, tAt ca cac cach tlep can
trong cac cong trinh nay déu dugc xem xét
trén ngir canh logic diéu kién xac suat.

Trong cong trinh (Nguyen & cs., 2018;
Nguyen, 2021), ching toi sir dung cac do
khong nhit quan dé giai quyet tinh khong
nhit quan cua CSTT x4c xuit bang cach tap
trung vao viéc thay doi xac suét trong CSTT
nay. Cac cach tiép can clia chiing t6i dugc mo
rong tir cac chién lugc trong Potyka, 2016 va
Bona, 2016 nhung bai todn khoi phuc tinh
nhit quan dugc xem xét trong mét tap hop
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cac su kién. Cac cach tiép can trong Nguyen
va cs., 2018 sir dung cac do do khong nhat
quan theo chuan (%), I/(R), TX(R)
va do do khong nhét quan phi chuan .7*(%)
dé xay dung toan tir khoi phuc theo chuin
I'P(#)va toan tir khoi phuc phi chuin
(). Toan tir khoi phuc I'’(%) 1a 1oi giai
ctia bai toan ti wu khong c6 rang budc trong
khi toan tir T“(%) 1a 10 giai cua bai toan tdi
uu véi mot tap cac rang budc. Cach tiép can
trong Nguyen va cs., 2018 sir dung cac
nguyén li ctia entropy cuc dai dé xay dung
bai toan khoi phuc tinh nht quan. Bai toan
nay ciing 1a mot vén dé t6i vu hoa phi tuyén
tinh v&i cac rang budc. Loi gidi cta bai toan
nay la mét vecto xac suit dugc khoi phuc
thoa man. Cac quy tic x4c sudt dugc sir dung
dé thu dugc CSTT xéc sudt nhat quan tir
vecto X4c sut duoc khoi phuc thoa man.

Trong bai bao nay, chung t6i tong hop
cac phuong phap xtu li tinh khong nhit quan
dugc dé xuét tir cong trinh cia Nguyen va
cs., 2021. D6 1a bo xur li tinh khong nhét
quan bién dang can bang va bd xr 1i tinh nhét
quan bién dang phat dugc d& xuat nhu 13 hai
lwa chon thay thé dé giai quyét tinh khong
nhit quan trong CSTT xéc suat (Nguyen &
cs., 2021). Cach tiép can nay d& dang tim
dugc CSTT nhit quan so véi cac phuong
phap trong Bona, 2016. Tir cac cach tiép can
nay, ching t6i dé xuat cac toan tir khoi phuc
tinh nhét quéan trong CSTT x4c suat, xem xét
mot sd nguyen li ki vong ma cac bo x1r li tinh
khong nhét quan bién dang can thoa man.
Sau do, chung toi dé xuat ba thuat toan dé
giai quyet tinh khong nhit quan trong CSTT
xac suét: thuat toan khoi phuyc tinh nhat quan
bién hinh phat (EADIS), thuat toan khoi
phuc tinh nhit quan bién hinh can bang mé
rong (EEDIS), thuat toan khéi phuc tinh nhét
quén Loga cin bang (EELIS). D¢ phirc tap
cua cac thuat toan cling duoc thdo luan va
ching minh.

Bai viét nay duogc to chirc gdm bdn phan.
Phan mot 1a phﬁn dit vin dé. Phan hai trinh
bay mét s6 khai niém trong cac két qua cong
b6 lién quan vé CSTT x4c sudt gdbm cac dinh
nghia va ki hiéu co ban trong CSTT xac suit,
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mot sb nguyén li ki vong cua toan tr khoi
phuc tinh nhat quén. Phan ba tong hop hai
cach tiép can va dé xudt mot cach tiép dé xu
i tinh khong nhét quan trong CSTT x4c Suét.
Céc thuat toan tim CSTT xac suat nhat quan
cling nhu viéc danh gia d6 phuc tap cta cac
thuat toan nay dugc gioi thiéu trong phan ba.
Phan bdn trinh bay két luan va tong hop cac
Kkét qua thu duogc, dua ra mot sO hudng thuc
hién trong tuong lai.

2. KIEN THUC LIEN QUAN TRONG
CO SO TRi THUC

2.1. Mt s6 khai niém co ban trong co sé
tri thire xac suit

biat & 1a mét khong gian mau hiru han
chira tAt ca cac két qua c6 thé co cua mot thi
nghiém théng ké. Pit €= (E,,...,E,} 1a
mot tdp hop cac su kién duoc biéu thi trong
khong gian mau §. Pat P(E) 1a tap cac tap
concua E. Véi F,G € €, dat FG la giao cua
Fva G, F la phu dinh cia F. Pat © =
E,...E, 1a hoi diy du cia € véi E, =
{E.E} pat h=2 v A®©=
{©,,...,0,} 1a tap cac hoi day du cua € va

{E E} B ={E,E }.E#E} Hoi
day du thoa man U, ki hiéu ® E U néu U xuét
hién duong trong ©.

Pinh nghia 1. (Nguyen & cs., 2021). Dat
F,Ge€& vape Ry . Mot RBXS la mot
biéu thirc ¢6 dang c|p), trong do ¢ = (F|G).

Néu F doc lap véi G, tac G 1a lap thira,
G =1, ki hiéu (F| T) bdi (F). Hai RBXS ¢,
va ¢, dugc goi la tuong duong vé chu trac,
dugckihi¢u ¢ = ¢,, néu su kién bén trai cua
< béng su kién bén trai cua ¢, va sy kién
bén phai cta ¢, béng su kién bén phai cua <5.

Pinh nghia 2. (Nguyen & cs., 2021). Mot
CSTT xdac suat E la mot tdp hitu han cac
RBXS: K ={F,....%,}

Trong do, %; = ci[pi] Vi= I,_n
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Pinh nghia 3. (Ham xdc sudt). Ham xdc
suat P P(&) = Ry trén & thoa man:

(1) P(&) =1

2)  P(AUB)=P(A)+P(B) véi
ABEEVIiANB=0

RBXS (F|G)[p] thod man & € PB(B),
du’orc ki hiéu boi & F (F|G)[p] néu va chi
néu P(FG) = pP(F). Mot ham xéac suit
2 thoa man K ki hiéu béi P E H néu va
chi ndu PE#%# VAEX. Dit OX)=
(PP e P(&)PEX)}

Pinh nghia 4. (Nguyen & cs., 2021). Cho
K = {01 [pl], ,cn[pn]} la mot CSTT xadc
sudt. Ham 0o R?O,l] — K duoc goi la ham
dac trung cua K néu ton tai 9=
(&y,...,9,) €Ryy sao cho a%(ﬁ) =

{01[p1]"“’0n[pn]}'

Pinh nghia 5. (Nguyen & cs., 2021). D¢
do khéng nhat quin K trén € la ham
F:K = R* sao cho F(K) =0 néu va chi
néud(H) + @ .

Ham chi tiéu H: @ X A(S) - R[O,l] duoc
dinh nghia nhu sau:

_ /1 néu®EU
uU.0) = {0 nguoc lai
bat %;“L = (c:;) € R™" la ma tran hé s6

A A . P

khong am ctia # tren’S. bit €, = (c;) €
R™ 1a ma tran hé s0 khong duong cua #
trén €. Pt Ay = (a;;) € R”" 1a ma trén
duong chéo kép cia F trén €, trong do c;; =

u(F,G,,). ; = ~u(G,.0,) va

(1 néui=jvai=ln

a;=13-1 néuj—i=nvaj=n+12n
lO nguoc lai

Pinh nghia 6. (Nguyen & cs., 2021). Cho
H = {01 [pl], ,0n[pn]} la mot CSTT xac
sudtva p=(py,...,p,). Pat f:R™?" - R*
sao cho f(@,a) = })"_(x; +y,). Vecto phat
trung vi cua K twong vmg voi a* = (X*,y")
la 10 gidi ciia bai todn toi wu:
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f(@,a)

min

arg
(a"_i)eRWH-ZVl

Voi cac rang bugc:
Ag.dl gT—ﬁ,X%.HT > -7
w,=1 0> 0
%§+5+ GF+3-yCy &=0
Pinh nghia 7. (Nguyen & cs., 2021). Dat
A= (X[, s X, V1s---»Y,) la vecto phat
trung vi cua K. Do do phat trung vi cua
R; € K Ni=1,ndwoc dinh nghia nhu sau:
d()%i) = |xi - yil

Déu ciia R, € X Vi= I,_n duoc dinh
nghia nhw sau:

-1 néux;—y; <0
s(£)=< 0 néux,—y; =0
1 nguoc lai

2.2. Nguyén li ki vong cia toan tir khéi
phuc tinh nhét quan

Phan nay trinh bay sé nguyén li ki vong
ma cac toan tir khdi phuc tinh nht quan nén
thoda man duoc md rong tir Bona, 2016. Néu
O(H)) # O(Fthi F| duge goi 1a tuong
duong mo rong voi K, ki hieu la #| = H#.
Néu 3z H, - H,sa0 cho k = (k) voi
mdi k € K, thi ¥, duoc goi 1a twong duong
ban mo rong véi F,, ki hiéu la #| = H,.
Cho SC(¥*) 1a tap hop bao g6m tat ca cac
RBXS xuit hién trong ..

Pinh nghia 8. (Cac nguyén li ki vong).
Cho #,#,, % € K.Ham I''K - K duoc
goi 14 toan tir khoi phuc tinh nhit quan bién
hinh néu thoa man cac nguyén li sau:

(EXI) Nguyén li ton tai: V¥ € K: I0(F)

Nguyén li nay phat biéu rang v6i moi
CSTT xéc suat ludn ton tai ().

(GAI) Nguyén li khuéch dai: V% € K
néu I0(K) thi ['(X) nhét quan.

Nguyén li khuéch dai cho ring néu 4p
dung toan tir khoi phuc tinh nhat quan bién
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dang dugc cho mot CSTT xac suét thi thu
dugc CSTT xéc suat nhét quan.

(SCR) Nguyén li bao toan cu trac: VH €
K:T(H) = 05 (8) voi § € R, ;.

Nguyén li ndy phat biéu rﬁng khi ap dung
toan tir khoi phuc tinh nhat bién dang thi
khong 1am thay d6i cau triic cia RBXS trong
CSTT x4c suat.

(CON) Nguyén li nhat quan: Néu % nhit
quanthi I(#) = H

C6 thé hiéu nguyén i nay 1a néu CSTT
xac suat dau vao nhat quan thi CSTT xdc suat
da nhat quén khong can stra doi.

(IRS) Nguyén li khong hop ch phap: Néu
K =K, thiI'(H)) = '(K,).

Nguyén li nay phat biéu rang néu ap dung
toan tir khoi phuyc tinh nhat bién dang trén hai
CSTT xéc suat tuong duong ban mo rong thi
hai CSTT xéc suit thu duoc cling thu dugc
twong duong ban mé rdng.

(NOD) Nguyén li khong doc tai: Néu k =
FIG)va G#1thiiX .k e H,x € I'(K).

Nguyén li nay phat biéu ring khong c6
RBXS phi ty nhién nao ma lam thay déi trong
bat ky CSTT xac suat nao.

(WIA) Nguyén li trung lap yéu clia cac
bién doi roi rac: Néu SC(H ) N SC(H,) =
@ thi I'( Z, UX,) = T(F,) UT(HK,).

Nguyén li nay phat biéu rang néu giao cua
tat ca cac RBXS xuét hién trong hai CSTT
xac sudt 1a rong thi két qua khoi phyc tinh
nhit quan cia hop hai CSTT xé4c sudt s&
trong duong mo rong véi hop cua cac két
qua khoi phuc tinh nhat quéan cua tung CSTT
X4c Suat.

(ITA) Nguyén li trung lap cua cac bién doi
roi rac. Néu I'(#,) UT(HK,) nhit quan thi
I FED)UD(H,) =T(H, UK,).

Nguyén li nay néi rang két qua khoi phuc
tinh nhét ctia hop cua timg CSTT xéc suat 13
nhit quan thi két qua thu dugc ciing giéng
nhu nguyén li WIA.
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3. PE XUAT XU LI TINH KHONG
NHAT QUAN TRONG CO SO TRITHUC
3.1. Cic toan tir khoi phuc tinh nhét quin
3.1.1. Toan tu T'*

Pinh nghia 9. (Vecto bién hinh can
bang). Cho % = {01 [pl], ,0n[pn] }’lé
mot CSTT xdc suat va A € Ry ;). Vecto bién
hinh cén bang ciia % duoc dinh nghia boi
3¢ = (9%,...,9%) sao cho 8 = p, + (0.5
pA Vi=1,n.

_Dinh nghia 10. (Ham bién hinh cén
bang). Ham bién hinh can bang n%,: Ryo ; =
K cia & dugc dinh nghia nhu sau: n}(A) =
g (5°)

D@ dang thiy rang no(0) = F.

binh li 1. (Toan tu khéi phyc tinh nhét
quan bién hinh can bang). Cho X* =
{01 [pl], e €y [pn] } 1a mot CSTT xéc suat.
Dt I': K — K 1a toan tir khoi phuc tinh nhit
quan bién hinh can bang. Khi do6 ton tai A*=
min {Ae R[O’1]|J<11‘6%(A)> = 0} sao cho
LK) = g (A).

Pinh li 2. Toan tr I'* théa man cac tinh
chat EXI, GAL SCR, CON, IRS, WIA, IIA.
3.1.2. Toan tw T'*

Pinh nghia 11. (Vecto phat chuan). Cho
K ={ky,...,k,} la mot CSTT x4c suat va
€ € Ry . Vecto phat chuan cua # duge
dinh nghia b6i 6 = (5,,...,6,)

trong d6 §; = —S(’(i)ﬁf’(’“i)

va b= min{ I5()d(ic)|: s(ic)d (i) #
0Vi= 1_n} Néu (k)d(x;) = 0 Vi = 1, n thi
6 =0.

Pinh nghia 12. (Vecto bién hinh phat).
Cho X = {01 [pl], ,0n[pn]} la m,(f)t
CSTT xac suat va A € R[O,l]' Vecto bién
hinh phat cia % dugc dinh nghia bdi 9% =
(91,...,9%) sao cho 9 = p(p;, + A ;) Vi =

1,n.
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Pinh nghia 13. (Hiam bién hinh phat).
Ham bién hinh phat n%: Ry, > K ctia ¥
dugc dinh nghia nhu sau: 7%, (A) = d (97).

Pinh 1i 3. (Toan tir khdi phuc tinh nhit
quan bién hinh phat). Cho X =
{01 [pl], ,cn[pn]} 1a mot CSTT xéc suit.
Dit ' K — K 1a toan tir khoi phuc tinh nhit
quan bién hinh phat. Khi d6 ton tai A*=
min { Ae R[O’1]|J(n;[(A)> = 0} sao cho
TUH) = ng (A").

Pinh li 4. Toan t&r I'° théa man cac tinh
chit EXI, GAL SCR, CON, NOD, WIA, TIA.
3.1.3. Toan tir T"

Pinh nghia 14. (Vecto loga cin bang).
Cho X = {01 [pl], ,cn[pn]} la  mot
CSTT xac suatvae € Ry ;. Vecto loga can
b?mg cua &  duoc dinh nghia boi 9 =
(9], ....8%) sao cho 8} = p, + A log% Vi =

1,n.

Pinh nghia 15. (Ham loga céan béng).
Ham loga cin bang 11%: Rip1; — K cua
K dugc dinh nghia nhu sau: n}(A) =
6%(51). Dé dang thay rang 1},(0) = # .

Pinh li 5. (Toan tir khoi phuc tinh nhat
quan loga ci4n bang). Cho X =
{01 [pl], ,cn[pn]} 1a mot CSTT xéc suit.
Pit I': K — K 1 toan tir khoi phuc tinh nhat
quén loga cén bang. Khi d6 ton tai A*=
min{Ae Rio.l7 (n%(A)) = 0} sao cho
T = ny (A").

Pinh li 6. Toan tir "' thoa mén céc tinh
chit EXI, GAI, SCR, CON, IRS, WIA, IIA.
3.2. M0 hinh xir li tinh khéng nhét quan

Bai toan xir li tinh khong nhat quan dugc

dinh nghia nhu sau:

(1) Piu vao: ¥ = {01[p1], ,0n[pn]}
va&

S6 09 (2023): 87 — 96

(2) Pau ra: %* 1a nhét quan
(3) Tién trinh xir Ii:

Budre 1: Tinh d6 do khong nhat quan. Néu
d6 do khong nhit quan bang 0 va A 16n hon
1 thi dung, nguoc lai chuyén budc 2.

Buére 2:
- Phuong phap EDIS:

+ Tim vecto bién hinh cin béang theo dinh
nghia 9.

+ Tim ham bién hinh cin bang theo dinh
nghia 10 va dinh Ii 1.

- Phuong phap ADIS:
+ Tim vecto phat chudn theo dinh nghia 11.

+ Tim vecto bién hinh phat theo dinh
nghia 12.

+ Tim ham bién hinh phat theo dinh nghia
13,dinh Ii 3.

- Phurong phap ELIS:

+ Tim vecto loga can bang theo dinh
nghia 14.

+ Tim ham loga can bang theo dinh nghia
15 vadinhli 5.

Budc 3: Tra vé CSTT nhét quan #*

Mo hinh xr Ii tinh khong nhat quan dugc
thé hién trong Hinh 1.

3.3. Cac thuat toan

Phan nay trinh bay cac thuat toan khoi
phuc tinh nhat quén trong mé hinh dugc thé
hién trong Hinh 1.

Thuét toan khéi phuc tinh nhat quan bién
hinh can biang mé rong (EEDIS) mo ta tién
trinh xu 1i tinh khong nhét quén trong CSTT
x4c sudt, bao gdm hai giai doan chinh: (i) tinh
toan d6 do khong nhit quan ciia CSTT xac
sudt méi (dong 3) va (ii) tim ham bién hinh
cin bang I°= no = 05 (9%,....,9;) cua
F (tir dong 3 dén dong 8).



CSTT xdc suét
K ={alpa]. . calpa]) vaEe

d A=0; e=107 b

v

|

Tim vecto phat chudn ¥
& (Dinh nghiia 11)

Tim ham bi&n hinh cén bing \

N Tim vecte loga cén bing
Tim vecto bién hinh can bang \. ge (Binh nghia 14)
8* (Binh nghita 9) p b i
: Tim vecte bién hinh phat :

& (Dinh nghita 12)

Tim ham loga cin béng

T*(K) = 05 (5°)

b

rH(a0) = dye(8Y)

(Binh nghia 10, Binhly 1)

Phwong phap EDIs ¥

Tim ham big&n hinh phat
T(K) = 3y (5)
L (Binh nghia 13, Dinh ly 3)

(Pinh nghta 15, Dinh Iy 5)

Phurong phap ELIS

Phuong phap ADIS

()

1 =00 | » K =130

CSTT xdc suat nhat quan
K" = {c1[04], ..., cu[Bp]) and T(H*) =0

Hinh 1. M hinh khéi phuc tinh nhit quéan

Thuat toan EEDIS

Piu vao: (%, E)
Piura: F* véi F(H*) =0

1
2
3

7
8
9
10
11

Function EEDIS (#,€)
begin
e=10"%; A=0;

while A< 1 and J(I'%(X)) #0

do
A=A+¢;
for ¢[p| € X do & =y,
(0.5 = p)A:;
Te(H) =05 (95,....95);
end while
H*=T4K)
return X*
end

+
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Dinh 1i 7. Goi //; 1a 46 phurc tap dé tinh
d6 do khong nhit quan coa K =
{#,,...,%,} trén €. DY phirc tap tinh toan
cua thudt todn EEDIS 1a O(n X 4 ).

Thuét toan khéi phuc tinh nhat quan bién
hinh phat (EADIS) mé ta tién trinh xt Ii tinh
khong nhit quan trong CSTT x4c suét, bao
g6m ba giai doan chinh: (i) tim vecto phat
chuin ciia CSTT x4c sudt (tir dong 3 dén 16),
(ii) tinh do do khong nhét quan cia CSTT x4c
sudt m&i (dong 18) va (iii) tim ham bién hinh
phat T'* =&, = 04 (97,...,95) cua F (tr
dong 18 dén dong 27).

ap chi khoa hoc
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Thuat toan EADIS

Piu vao: (Z,€)
PAura: F* v6i F(FH*) =0

1 Function EADIS (¥%,E)
2 begin
3 a=(,y)= getOV(X) ;
4 for £, € X do
5 d(£)=x;—y
6 if d(#,) <0 then s(%;,) =-1;
7 else if d(%#,)=0 then
s(£)=0;
else s(#,)=1;
endfor

10 if V£,€%:5,=0 then 6=0;
11 else

12 for £, € X do

13 if 6,#0 and 6> 6, then
0=20;;

14 endfor

15 endif

16 for £,€X do §,=%;

17 e=107; A=0;

18 while A<l and
7(r'a)) #0 do

19 A=A+e;

20 for ¢;[p] € X do

21 pi=p; +Ad;

22 if p; <0 then 9/ =0;

23 else if p, =0 then
19? =1;

24 else 9/ =yp;;

25 endfor

26 TUKH) =05 (99, ....9%);

27 end while

28 HK* =TUH)

29 return X~

30 end

Dinh 1i 8. Goi //; 1a 46 phuc tap dé tinh
d6 do khéng nhit quin cua K =
(#y,...,%,} trén € va &, 1a chi phi dé tim
vecto phat chudn ctia %. Do phirc tap tinh
toan cua thuat toan EADIS 1Ia
O(max{N,,n X Nz }).

Thuat toan khoi phyc tinh nht quan loga
can bang EELIS mo ta tién trinh xtr 1i tinh
khong nhat quan trong CSTT xac suét, bao
gom hai giai doan chinh: (i) tinh toan d6 do
khong nhit quan cua CSTT xé4c sudt méi
(dong 3) va (ii) tim ham bién hinh can bang
I =1l =04 (9),....9,) cia H (tr dong
3 dn dong 8).

Thuit toan EELIS
Piu vao: (¥, €)
PiAura: Z* voi F(H*) =0

1 Function EELIS(%,E)
2 Dbegin
3 €=107; A=0;
4 while A <1 and J(r’(.%)) £0 do
5 A=A+¢;
6 for 0,~[pi] €X do 195=p,~+
05.
AIngi’
7 T'(H)=05(9],....9%);
8 end while
9 x*=r'(%)
10 return H*
11 end
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Pinh 1i 9. Goi ./, 1 do phic tap dé tinh
d6 do khéng nhit quin cua K =
{#£,,...,%2,} trén E. DO phuc tap tinh toan
cua thuat toan EELIS 1a O(n X /).

3.4. Vi du minh hoa
Phéan nay dua ra mot vi dy dé minh hoa
cho céc cach ti€p can da trinh bay va de xuat.

Ta co: K ={c[0.5], ¢,[0.6],
c3[0.7], ¢4[0.6], ¢5[0.8]} va J(*) = 0.06.
Theo dinh nghia 6, vecto phat trung vi ctia
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F tuong (g voi a* = (X*,y*) 1a1oi giai cia
bai toan tdi wu:
5
€ Gaerso i;(xi i
v6i cac rang bude:
X1 =y £05,x, -y, £04,x3—y;<0.3
X4 —Yy4 <04, x5 —ys<0.2
X1 +052>y;, x,4+062>y,, x3+0.7>y;
X4 +0.62>y,,X5+082>y;5
8
(01 + 0y +03+0,) — (0.5 +x; —y;) Z ;=0

i=1
8
((x)l + (1)2+(1)5+(1)6) - (06 + Xy — y2) Z w; = 0
i=1
8
(@) + O3F05+07) = (0.7 + X3 = y3) ) 0; =0
i=1
((Dl + (02) — (06 + X4 — Y4)(0)1 + (1)2+(1)5+(1)6) =0
(C()l + 0)3) - (08 + X5 — y5)(a)1 + CU3+CU5+CU7) =0

> o=1,6520
Taco a* = (0.06,0,0,0,0,0,0,0,0,0)
Bang 1. Vecto phat chuin clia &

V6i A*=0.17 1a gia tri nho nhét cia A
sao cho J(T(X))=0 , thc la: #*=
{¢,[0.5], ¢,[0.583], ¢3[0.666], c,[0.583], ¢s[0.749] }
1a nhit quan.

Bang 3. Két qua sir dung toan tir khoi
phuc tinh nhit quan bién hinh phat

TYH) A

¢ 0.059 0.06 1
¢ 0.559 0.56 1
¢ 0.6 0.6 0.6
s 0.7 0.7 0.7
¢y 0.6 0.6 0.6
cs 0.8 0.8 0.8

I (CUH)) 0.001 0 0

V&i A*= 0.06 1a gia tri nho nhét cua A sao
choJ(F“(%)) =0, tlrc lax* =
{Cl [0:56], 02[0.6], C3 [0.7], 04[0.6], Cs [0.8] }
1a nhat quan.

Bang 4. Két qua sir dung toan tir khoi

% d(£;) s(#) d£)s(£) & phuc tinh nhit quan loga cin bing
0.5
¢;[0.5] 0.06 1 0.06 1 () A
¢,[0.6] 0 0 0 0
¢ 0.23 0.24 1.0
¢3[0.7] 0 0 0 0
c 0.5 0.50 0.500
c,[0.6] 0 0 0 0 !
c 0.582 0.581  0.521
s[0.8] 0 0 0 0 2
. ~ C3 0.666 0.665 0.554
Tacod 6 =0.06vaé =(1,0,0,0,0). ¢ 0.5%2 0581 0521
Bang 2. Két’quﬁ st dung toan tir khoi e 0.753 0751 059
phuc tinh nhat quan bién hinh cdn bang
!
. ~ 7(r'an) 000183 0 0
i 0.16 0.17 1 Véi A*= 0.24 1a gié tri nhé nhét ciia A sao
“ 0> 0> 03 cho  s(r'a) =0, tie la =
Cy 0.584 0.583 0.5
{¢,[0.51, ¢,[0.5811, ¢3[0.6651, ¢,[0.5811, ¢5[0.7511}
3 0.668 0.666 0.5 13 nhét quan.
cy 0.584 0.583 0.5 . -
4. KET LUAN
cs 0.752 0749 0.5 , . y
Bai bao nay trinh bay mdt so cach tiép can
I (TH)) 0.002 0 0

S6 09 (2023): 87 - 96

dé xtr 1i tinh khong nhét quan cua CSTT xéc
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suat. Y tuong ct 16 ctia cac cach tiép can nay
la tap trung vao viéc gilt cho cdu tric cua
CSTT xé4c suét va chi thay doi gid tri ciia cac
RBXS. Ngoai viéc tong hop hai cach tiép can
xt 1i tinh khong nhit quan ciia CSTT x4c suét
d3 dugc cong b tir cac cong trinh trude d6 1a
toan tir khoi phuc tinh nhit quan bién hinh can
bang va toan tir khoi phuc tinh nhat quan bién
hinh phat, bai bao di dé xuét toan tir khdi phuc
tinh nhit quan loga can bang. Toan tir ny
cling thoa min mot sb nguyén li ki vong va do
phtic tap tinh toan cling giéng nhu todn tir khoi
phuc tinh nhat quan bién hinh can bang. Tuy
nhién, ba thuat toan EDIS, ADIS, ELIS chi
dugc thyc hién va danh gia tor khia canh li
thuyét. Vi vay, viéc tién hanh thir nghiém céac
thuét toan trén bo dir li€u trong thé gidi thuc
1a cong viéc cho cac cong bd sau.
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