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D0 bO KHONG CONG TiNH,
TiCH PHAN CHOQUET VA UNG DUNG

BUI CONG CUONG!, LE BA LONG?2

Vién Todn hoc

2Hoc vién Céng nghé Buu chinh Vién théong

Abstract. This paper is a short summary the state of art of fuzzy measures and the Choquet

integrals. Some applications of the new theory are also presented.

Tém tét. Bai bdo 13 mot tong quan gon, du hién dai véi 16p do do khong cong tinh xuat hién tir
ky thuat va trong toan hoc. Tuwong trng véi cac 16p do do nay 1a tich phan mo. That hop 1, tich
phan mo duoc dinh nghia qua tich phan Choquet ciia cdc d6 do khong cong tinh. Mot s6 tinh chat

va tng dung cung da duoc gidi thiéu.

1. PO PO KHONG CONG TINH

He tién dé xdc sudt Kolmogorov 1933 duwa trén 1y thuyét do do chuan hod o-cong tinh
trén o-truomg cac bién ¢6. Tinh o-cong tinh twong dwong véi tinh cong tinh va lién tuc don
diéu. Nhirng do do nay va tich phan Lebesgue twong tng da la nhirng cong cu rat quan trong
trong trong 1y thuyét xdc suat va nhirng nghién cttu céc hé thong cé nhiéu yéu té ngau nhién.

Tuy nhién trong qué trinh trién khai xit Iy céc thong tin bat dinh, tir nhitng suy rong
truc tiép cdc 16p do do xdc sudt va phan tich Lebesgues, va dwoc kich thich trong qué trinh
mo hinh hod céc bai todn thue tien nhieu 16p do do khong cong tinh va tich phan Choquet
da dugc dinh nghia va nghién ctru.

Ngay nay khi lam viéc véi cdc bai toan trong cdc hé phi tuyén, mot cach tu nhién, ngudi
ta da st dung va tim thay nhiéu tng dung thuce tien cia cdc do do khong cong tinh va tich
phan Choquet.

1.1. b6 do mo (fuzzy measures)

Cho € 1 tap khong rong, X C 2%,
Pinh nghia 1.1. ([1]) P6 do khong cong tinh 14 ham tap m : X — [0, co) thod cdc diéu kién
sau:
() m(6) =0, N
(i) m(A) < m(B), véimoi tap A € X, Be X, ACB.

biéu kien (ii) chinh 1a tinh don diéu. Di nhién néu do do c¢é tinh cong tinh thi c¢6 tinh
don dieu.

b6 do khong cong tinh nay thudmg quen goi 1a dé do mo (fuzzy measure).

Ban dau Sugeno dinh nghia cho X = 29, sau dé mé rong cho trwomg hop X 1a o— dai s6
va gan day trong [2] con mé& rong cho tap khong nhat thiét 1a o— dai so.

1.2. Lép quan trong thir 1: Ham long tin
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Sém hon va xuat phat tir thong ké toan hoc bdi Dempster ([6]) sau dé dwoc phét trién
bé&i Shafer ([7]).
Dinh nghia 1.2. Cho X = 2%, Ham long tin 13 ham tap bel : X — [0, 1] thod céc diéu kién:
(i) bel(¢) = 0, bel(2) =1,
(ii) bel(A) < bel(B), vé6imoi tap A€ X, BeX, ACB,
(i) Véin tap A;, i =1,...,n.

bel(AyU---U Ap) =) “bel(A;) = > bel(A;UAj) + -+ (=1)"bel(A1 U -+ - U Ap).

i i<j
Dinh nghia 1.3. Cho X = 2. Ham hop 1&(plausibility function) 1a ham tap pl : X — [0, 1],
cho bdi
pl(A) =1 —bel(A°) VA € X, A° latap bucia A trong X.

R0 rang pl cung la do do thoa tinh don diéu.

Hon nira bel(A) < pl(A) véi moi tap A € X.
1.3. Lép quan trong thi 2: D6 do kha ning (possibility theory)

Xuat phét tir tw twdng cia L.Zadeh ([8]) v phat trién cau tric Dempster-Shafer, D.
Dubois va H.Prade (]9]) da trinh bay kha hoan chinh nhing kién thitc co s& cia Ly thuyét

kha nang va chi ro nhiéu ttng dung cia 1y thuyét méi, dic biét trong logic kha nang va trong
co 8¢ dir liéu mo.
Dinh nghia 1.4. Cho X = 29 Ham tap 7 : X — [0, 1] goi la d6 do kha ning (possibility
measure) néu thoa cic diéu kién:
(i) m(¢) = 0,7(Q) = 1,
(i) véiho A; € X, i € I, m(U;A;) = sup{n(A4;) : i € T}.
Nhu vay véi I = {1,2,...,m}, 7(U;A;) = max{r(A;) :¢=1,2,...m} (do vay 7(AU B) =
max{r(A), 7(B)}).
Ham tap n: X — [0, 1] goi 1 do do cot yéu (necessity measure) néu thoad cdc diéu kien:
(i) n(¢) =0, n(Q) =1,
(i) véiho A; € X, i € I,n(M;A;) = inf{n(A;) : i € T}.
Nhuw vay véi I = {1,2,...,m}, n(M;4;) = min{n(4;) : i =1,2,...,m}.
Néu xét z € Q, thl {z} € X va ham s6 n(x) = m({x}) goi 1a phan phdi kha ning ting véi .
1.4. Lép th 3: dd do cyc dai (maxitive measures, [13])
Dua vao cong thire dinh nghia thi ro rang dinh nghia cia Shilkret sém hon, song déng
tiéc né khong dwoc pho bién rong.
Pinh nghia 1.5. Ham m : X — [0, oo] goi 1a do do cuc dai néu thoa:
(1) m(¢) =0,
(2) m(AU B) = max(m(A), m(B)).
Néu diéu kién (2) thay bdi:
(27) m(UA,) = sup,{m(A4,)}, m goi la o— cuc dai.
Néu diéu kién (2) thay boi:
(27) m(U; A;) = sup{m(A4;) : i € I}, & day I 1a tap chi s6 bat ky, thi m goi 1a o— cuc dai
day dud.
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Sau day la vai 16p do do cuc dai:
86 chiéu Hausdorff. Cho € 1a khong gian metric, d(A) la duwong kinh cda tap A C Q.
Pinh nghia 1.6. Ho do do Hausdorff @ -chiéu cho bédi
ma(A) = im{inf(} (d(4,))*: & — 0},

& day inf duoc 14y qua moi phi dém dwoc cia A béi cic qud cau A, ¢é dudng kinh d(A,,) < =.
Vi Ny = {A C Q : My(A) = 0} la ho tang cdc o— ideal nén ham tap
D(A) =inf{a>0: My(A) =0} véi moi A C Q2 1a dé do o— cyc dai.
bé ¥ rang trong ly thuyét fractal tinh chat nay goi 14 dém dwoc 6n dinh. S8 chiéu fractal
dwra vio khéi niém do do theo hop phi (box-counting) va Iy thuyét entropy.

Pinh nghia 1.7. ([14]) S6 chiéu theo hop phi duéi dimyp(D) cia tap D C R™ cho bédi
dimzp(D) = lim{inf(lg N.(D)/ —ge) : £ — 0},
S6 chiéu theo hop phi trén dimy g(D) cia tap D C R™ cho béi
dimyp(D) = lim{sup(lg N.(D)/ —1ge) : £ — 0},
va s6 chiéu theo hop phi dimg(D) cia tap D C R™
dimp(D) =1lim{(lg No(D)/ —1ge) : £ — 0}

trong dé6 N.(D) 14 s6 nhdé nhat cdc hinh hop ban kinh & phu D.
Ménh dé 1.8.
dimyp(D) cia tap D C R™ la @6 do cuc dai,
dimzp(D) cia tip D C R™ khong phdi la @6 do cuc dat,
dimyp(D) cia tip D C R™ la @9 do o— cuc dai xzde dinh trong hé cdce tip con D C R™ tai
a6 dimp(D) cua tip D C R™ zdc dinh.

C6 thé liet ké thém moét 16p do do cuc dai:
Dé do Kuratowski cia tinh khéng compact:

Gid st H la khéng gian dinh chuan, véi moi A cia H, dit

Sp(A) =inf{r >0: A C B(ay,r)U---UB(X,,7)},

trong dé B(w;,r) = {y € H : ||y — =] <r} 1a qua cau tam z; ban kinh r.

Vi {S,,(4)} la diy gidm theo n nén luén ton tai giéi han S(A).

C6 thé chirng minh rang S(A) la do do cuc dai S(A) duwoc goi 14 do do Kuratowski clia
tinh khong compact cia A (Banas & Goebel 1980).

2. TICH PHAN CHOQUET
Trong moé hinh xdc suat (€, X,p), k¥ vong EX cia bién ngau nhién X la tich phan
Lebesgue / Xdp.
Q

Vido do p 1a 0— cong tinh nén tich phan Lebesgue c6 tinh tuyén tinh. Pac biét khi X > 0
thi

o0
EX/Xdp/ p(X > t)dt.
Q 0
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Trén co s& ndy Murofushi va Sugeno ([2]) da chi ra rang tich phan Choquet ([10]) 14 loai tich
phan thich hop véi do do khong cong tinh.

Gid st Q 1a tap khong rong, X la o— dai s6 cdc tap con cia Q,m 1a d6 do khong cong
tinh trén X. Khi &y (Q, X) dwoc goi la khong gian do dwoc. Phiém ham f: Q — R! 1 ham
do dwoc néu f1(B) C X, v6i B la o— dai s6 Borel trén truc thuec.

Pinh nghia 2.1. Tich phan Choquet cia ham do dwoc khéng am f ting véi do do m 1a

«ﬁ‘/MmAmngﬂ@>ﬂﬁ

Tinh chat 2.2. Tich phan Choque cia @6 do khong cong tinh ¢ cdc tinh chdt:
(1)Néuw m la d6 do o— cong tinh thi tich phan Choquet va tich phin Lebesgue tring nhau.
(2) Vi méi A € X,

() /1Adm = m(A).

(3)Néu m lién tuc dudiva f, 1 [ thi
© [ gt () [ gam.

(4)Néu m lién tuc trén va néu f, | f, f1 < g va g khd tich thi
© [ gt 1 () [ gam.

(5)Véi moi a > 0,
@)/ﬁ%td@/ﬂm
(6)Vai [ <g,
© [ <) [ gim.

(7) Tuy nhién @9 do m khong cong tinh nén

© [ 9z © [ gamr©) [ gam

Bi€u dién do do khéng cdng tinh va tich phan Choque
Cho (2, X, m) la khong gian véi do do m khong cong tinh.
Pinh nghia 2.3. Bo tt (Y,Y, i, H) goi 13 mot bicu dién cia (Q, X, m) néu u la do do o—
cong tinh trén o— dai s6 Y cda cdc tap con cia Y va H : X — Y thoa diéu kién:
(i) H(¢) = ¢, H() = Y, néu A C B thi H(A) C H(B),
(il) m = po H.
Pinh 1y bi€u dién 2.4. (Murofushi va Sugeno [3]) Vi moi (Q, X,m), b6 tiz (Y,Y, pu, H)
xdc dinh boi:
Y la khodng mo Y = (0, m(Q)) trén truc thuc,
Y la o— dai s6 cia cdc tap con ciaY,
H:X =Y, cho bdi H(A) = (0,m(A)), vdi moi tap A cia X,
w la @6 do Lebesgue trénY | thi (Y,Y, p, H) la mot biéu dién cia (Q, X, m).
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Pinh nghia 2.5. Gid st bo tt (Y,Y, i, H) la mot bicu dién cda (Q, X,m), ham f: Q —
R4 1a ham X— do duge. Khi dy xdc dinh ham h(f) : boi: A(f) : Y — Ry, h(f)(y) =
sup{t:y € H{u: f(u) >t})} véimoi y € Y.
Dinh Iy 2.6.
(i) Néu f loa X— do dugc thi h(f) laY do duoc. Hon nica:
R(f)(y) = sup{inf(f(x): 2z € A): A saochoy e H(A)} véimeoiy €Y.
A

(it) (C) [ fdm = [ h(f)dp.

Pinh nghia 2.7. Hai ham do dwoc f, g goi la twong thich néu véi moi cip @, 2’ sao cho
f(z) < f(2') thl g(x) < g(2'). Ta sé ki hiéu f ~ g.

Pinh ly 2.8. Véi ham do duwoc f,g cac diéu kién sau ddy twong dwong:

(1) f~g,

(2) h(f +g) = h(f) + h(g),

(3) (C) [(f + g)dm = (C) [ fam + (C) [ gdm.

3. TAP NULL-KHAI NIEM HAU KHAP NOT

Mot trong nhirng khdi niém quan trong cda 1y thuyét do do cong tinh va 1y thuyét xdc
sudt 1a khd niém hau khap noi. Ménh de P(x) ding hau khap noi ¢é nghia ton tai mot tap
null N sao cho P(x) ding véi moi @ € N©. Trong ly thuyét do do ¢ dién véi do do cong
tinh p thi N 1a null néu p(N) = 0.

Tuy nhién khéi niém nay khong con phu hop cho do do khéng cong tinh.

C6 thé ton tai nhimg tap A, B sao cho m(A) = m(B) = 0, nhung m(AU B) > 0, do dé
ton tai cdc ham do dwoc f, g sao cho m(u : f(u) # g(u)) = 0 nhung

©) [ sam =) [ gim.

Trong [3] Murofushi, Sugeno da mé rong khéi niém tap null cho dé6 do khong cong tinh
nhw sau.
Pinh nghia 3.1. Tap N € X dwoc goi la tap null néu m(AU N) = m(A), véi moi tap
AeX.
Tinh chat 3.2.
(i) ¢ la tap null,
(i) Ae X, AC N,N la null thi A cung la tdp null,
(i) Hop hitu han cde tap null la tdp null. Néu m lién tuc duwdi thi hop dém duoc cdc tap
null la tap null,
(iv) Néi A la tap null thi m(A) = 0,
(V) Néu p la @6 do nita cong tink trén (subadditive) thi A null khi va chi khi p(A) = 0.
Pinh ly 3.3. N € X hai ménh dé sau la twong duong:
(1) N la tap null,
(2) Véi moi ham do dwoc f,g sao cho (u: f(u) # g(u)) € N thi

© [ fan—) [ gam.
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Chiing ta tam thoi dirng phan trinh bay tai day. Ciing c¢é thé tim thdy nhirng nghién ciru
ve cac do do khong cong tinh, cling nhw cac ham tap khong cong tinh, cling nhw cdc ham tap
khong cong tinh trong Iy thuyét ham lgi ich nhiéu thuoc tinh (multiattribute ultility theory)
cing nhw trong Iy thuyét tro choi (game theory) hay trong cdc nghién ciru vé do may rui.

4. UNG DUNG

Khé sém tich phan Choquet da dwoc chi rd 1a mot cong cu tich gop méi ¢é nhiéu trien
vong giip fch cho nhiéu bai todn thuc tién ([18]).

Ngay tir nam 1988, K. Tanaka vi Sugeno da dung tich phan m& trong wée lwong chat
lrong in mau. Trung tam thiét ké cong nghiép cia hang Mitsubishi diing tich phan mo thiét
ké sdn pham, da sit dung qud trinh phan tich phan cap phdi hop véi do do khong cong tinh
v tich phan Choquet vio bai toan quyét dinh nhiéu tiéu chuan.

Nhiéu dé do va tich phan méi cling da ¢ mat trong nhiéu san pham cia du 4n lén cia
Nhat ban LIFE (1991-1995).

Chinh Dubois va Prade ([9]) da truc ti€p chi ra nhiéu tng dung cia ly thuyét méi, dic
biét céc itng dung vao suy luan xap xi bang logic kha ning va dung tiép can kha nang t&i
cdc bai todn cia co s& dir liéu mo.

Gan day nhat ([15,16,17]) da tim thay nhiél ng dung thd vi, Ching han trong bai bdo
cong bo thang 10, 2002 ([17]) céc téc gid da dung tich phan Choquet trong mo hinh hod mang
da hoi qui phi tuyén-mot céng cu méi quan trong trong khai phé di liéu.
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