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1 [FLCE®HIZ

BRI EZER (X, A p) ETERINWIZIEAFRIBEES { frlneny PIEARE £ IZH
BT IUE, B0 < p<oolZxtLT, £D p TS {fLhen b fP RIS
L. iz, BIENET 2B {fiu ey (CBT D35 Lebesgue % O F FULH EH
X Vitali OURER R 8Ok 2 Z2INEREBEN D, pIROE—RA L N OIGRER

Aﬁ@%éﬂw

MEEBNICEOLNS. LL, JEIMEMBIEOEAIX, TAnSHInEER EOIEFICTHRN
BINERIMEEZ > T e b LTH, —RITIE f, 28 fICRIEIGR L7206 L na T, fP
W fPACHRIERR T 5 LR O 720 (F 1 &2/ X).

EF T —EOMF [6,8-10] T, Choquet F&453=° Sugeno &4y 72 & OIEHIRE Y 2 ML
B DR 5 Z2fE] & FEA FRIBI S ME 5 ZERI O EREZEM L CER SN IR OULE S &
&bz, FEMIEIES OWIRERIL, € OPEEN b SEEWEZ WV T — I iw T Re C
D LAFEFELT. TO/MGRTIE, MBS OINRERICK T 5 2 Ot —HIE iR R
DFEZMALICEE, p RBEEFNIORENFRICET 5 FEROMESLHEHEL, pIROE—
A2 FONRERZ T TIEONERROIGH L LTELS OO EmERET 5.

2 FEMNERBVRIE & FREMIRS

DITFTIE, (X, A) Xz e +5. 72, NIZHRKEE, R = (—o00,00) ITEHKE
&, R :=[—oc,o0] IZ@BH O 2NEFH#EE & REMEEZ bR ERELE L, BYmeER
T HBEIAEFR 22340 (£00) -0 =0+ (£oo) =0 bIET H. F7z, inf =00 LHKT 5.

PERFEE a,b € RIZH LT, max{a,b} Z a Vb T, min{a,b} Z a ANb THL, Bk
fr9: X >ROERBEI fvyg, TRBEK fAgE, o€ XITHLT

(fVvg)x) = flx)Vy(r), (fAg)(x):=flx)Ag(z)

TEDD. X ECEBShE A TR f X - R 02ks F(X) TEL, FH(X) =
(FEFX): >0} b3, A ADERBEE xa, BEGE A= X\ ATHT.



=, X OMHELEOEEE 2X TR,
TE 1 E£6B% 1 A— (0,00 1IZRD 2 D5
(i) p@) =0 (FTHERME)
(i) AC B7biE u(A) < u(B) (HEFHH)
T & S IEMEMBE L VW, ZOREE M(X) TRT. RIS, p(X) <ood&x
p AR E VY, Zo2EE My(X) TKRT.

IR FEIMERIBIEE 1 € My(X) 2%t LT, 2O f: A — [0, 00) %
i(A) = p(X) — p(A9), AecA

TEHETDH. HONZ i=pu THD. T2, pn DIMENRSIE n=n L5,
WRITABIT T 2 IEMICAE 3 1 FEIERV R EERR O G A sEIR C L <RI s, Eh b ifE B
B f OIEMERRIE p 2B T 2B 5 mEEEk

Gu(f) =p({f =1t}), teR

EFHOWCTEBEINTVWLIDT, ML CHOMmBERERS L JiIIns.
&2 (/e M(X)x FH(X) &7 5.

(1) Choquet %) [1,15]: Ch(u, f) := /Ooo,u({th})dt

72721, FHiDDOFE771E Lebesgue #5y F 72 13/A% Riemann 5 Th 5.
(2) Sipos #% [18]: Si(u, f) = lim Y (a; —ai1)p({f > ai})
pPeA+ =1
=L, AT IESEI P ={a1,a0,...,a,} (0=ag < a1 < -+ < a, <oo) &FIZE
BOAUEZERTELELIEFZEALLLARAESTHD.
(3) Sugeno &4 [14,20]: Su(p, f) == sup [t Ap({f >1t})]

te[0,00]

(4) Shilkret &5 [17,23]: Sh(y, f) = s[lgp ][t p({f > t})]
t€[0,00

FE 1 EEO (u,f) € M(X) x FH(X) iext LT Ch(p, f) = Si(p, f) T, w2 o-IE
72 513, WifE4S 13H%: Lebesgue f54 & —E9° % [8,18,19]. %K, Sipos Fi%n O EEIL,
FADHBBD M EE G, (f) = p({f > t}) DIEFE Riemann #E53 O X H O 5% Z A
EERICMR DR, ITH 00 5T, Choquet B IZINZ, Sipos B & EEDORT4 &
T5ILICIRBESDHD. RERE, Sipos B OHEGBEERT T, L_—TFESCER
# Riemann &4 2 B HE 912, 15 Lebesgue 4%y & Choquet &4y &\ 5 #E - JERIE
DEDTRE RRFICHEE TE 206 Th 5.



EF 2 TR LIz 4 OIS 2 ILBEE [ M(X) x FT(X) — [0, 00] & A 72HE1T,
WROME

(1) EED pe M(X) 1zt LT I(1,0) =0

(i) FEDO pe M(X), f,ge FH(X)IZRLT, f<gebid I(u, f) <I(u,g)
W2 I ENDIND. 202 0OMEE AT UL [ A S ABEKL VD,
FIMERREZBFRE, 77 P 0E, FELVIZLLHD. FEMERREDT,
EO o-MEMEEZ L0 BOCEFEMMEICB SR LGB THY, TOBEBETHHIE
WMIEAES & & IS, W AR, REMHR, 7 — 28R, FTZERREHROL L ToHH
BEZR EORIFICE L OIGAZ S [4,5,12]. FEMEABEIE & IERIERE /Y ICBET 28
FREHIE [2,7,13,22] R AR K.

3 WHNEROEMELEIREE

ZOETIE, IFREHED ONAEER 2 BB Z AW TR—AICE D % 9 BRICEZE 2
BeE e Rl B OGS EZEET 2B ME LGP ETHRITT 5. ROERICBIT 5%
EREE p EBE f O (p, f) ORIOXERERIE, BEBEFZODEHETLIHVLOND 1R
HERMELE [11) O—f{LTH 2.

EE 3 pv: A= 0,00 ITEEGEE, fge F(X)ET5H. HFLeRITKHLT
n({f >t}) <v({g>1t})
WSO EE, (u, f) 1T (r,g9) ICEVXEBEIND LV, (1, f) < (r.g) &<

T 4 p(0) = limy, 40 p(t) = 0 27T B 01 [0,00) — [0,00) &fk% & TEL, &
B % B HIRRR R k5,

RSTLRSICBI T 5 T OB, RS OICRER 4 %I BRI DI
W%, M [S10) 2R L.

ETEDS [ M(X)x FH(X) —[0,00] TSN ET 5.
(1) FED p,v € M(X) EEED fige FF(X) LT, (uf) < (v,9) b
I(p, f) <I(v,g) D& =, TITRERE NS,

(2) B%6: [0,00)* = [0,00] FEL T, EEDO pe M(X), re0,00], A Alzxt

LT
I rx ) = 0(r; 1(A))

DL, TITERM, 0% 1 OERBE V).
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(3) MIMEHBIEIE {@ataso CP & {Uplp>0 C P PFEL T, ROTEVEM (P) 277
L&, THEFMEW:

(P) EED p.v e M(X), f,g € FH(X), 20,620, a>0, B>0IXLT,
[fll <o v(X)<B, (i, f) = (v+6bg9+e) 2B

I(p, 1) < 1(v, 9) + a(0) +15(e).
by (flle = inf{r > 00 p({f > r}) = O} 3 f O p-AEAOFRELTH .

(4) i 1) B8 e {Sﬁa,[y’}(aﬁ)eﬂgi cCPL {1#@’[3}(&75)6[@3_ CPNBEFEELT, ROBENSM
(WP) 7T & &, [ ABUOBRCERNE 5

(WP) EED v e M(X), fige FH(X), >0, 6>0, a>0, 8>0%fL
T fll <o flgll <o, v(X)<B, (1, f) < (v+6,9+¢) b

I(p, f) < 1V, 9) + a,8(0) + ap(e).
2L, |[fl = sup{|f(2)]: = € X}, R} = (0,00) x (0,00) TH 5.
(5) FEBED (1, f) € M(X) x FH(X) LAEBED ¢ > 01k LT
I(p, ) < I(ps f A e) + T (F = )F)
DL E, THREEMERE VD, ERTHEERRY 2o L X TKEMER L0 5.
(6) FEED (1, f) € M(X) x FH(X) LAEBED ¢ > 0 1okt LT
I, ) < I xqp<ey £) + 1(ps X >y f)
DEE, HIKFESUEBE WS, EXNTESMHEY L0 L ZITKFEUER LV 5.
(7) FEBD (1, f) € M(X) x F+H(X) Ikt LT
I(p, f) = iggf(/t,fA'r)
DEE, IILEBEHKE V).
(8) FEED (1, f) € M(X) x F+H(X) Ikt LT
I(p. f) =supI(pn A s, f)

s>0

DO&E, HIBEUMBE WS, 72720, pAs(A) =pu(A)As(AeAd) ThHb.

SEE 2 (1) ST [ BB 5ITHVER T LB TH 5.
(2) BELISMC b, DEME COBERME R 55, TH5OERE [6,810) R L.

fmed 1 ([8,10]) FE5iLBI%L Ch, Si, Sh: M(X) x FT(X) — [0, oo] IZERMIDDFEH)
T, EMERL0(a,b) :==a-bTHD. Fiz, BN Su: M(X) x FH(X) = [0,00] b
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BNV T, AT 0(a,b) = aAb L7285, XbIc, FTO 4 EOET
SYLBIRCIE T TR, EEN (TdR, BOERCEBN), ATAHUN, LigE
i, WEENEY T, Ch & SilEACEMMERY, Su b ShiZkTEHMEN L /25,

Choquet f#43<° Sugeno f&4577¢ & OIEMIFE /7 O EERIL, BN E AW THiE—
FICERILTE S, LUT Ci Fatou OBIFEIRMHE, A HIENRER, Vitali OHIE I
REHED 3 2% T5H. £2C, ETIHFMENOPED B CEREOER L, FHEIBIES
D—IRFATESHERS—FEARERNAE O EEZEE L Tk<.

EE 6 ([21,22]) pe M(X) :7%.
(1) FBED Ac A LEED {Bulnen CAICK LT, w(By) - 04206 X u(AUB,) —
p(A) oL, piEhoBHEE KL VD,

(2) EED A A LEED {Bylnen C AWK LT, u(Bn) — 072513 u(A\ By) —
WA OLE T SESERE .

(3) L/nbEBEEN S T/ALEEEED L X, [ TEEEEE .

EET peMX), feF(X), FCFX) T3, 0<p<ooltEthets.

(1) BE%& f i
Ch(p, |f17) < o0

DrE, TICELTpEu-AEBREV). HIZ, p=1DL X T u-AIFES V).

(2) Ba%lkE F i
lim sup I (1, X713 f[P) =0

T feF
DEE, TWCEALT—HpEu-AIBREVD. FIZ, p=10DL X I—t A&
v A A
(3) BABUR F 1%, Ec>0MNFELT, EED fe FITXLT,
n{f = c}) =022 p({f = —c}) = u(X)
DEE, —FR p-FEHEREV D,
LTI, I M(X) x FH(X) — [0, 00] IZFER LB E 5.
FHE 1 (Fatou OFEIEAE [10]) 1 € M(X), {fulwen C FHX), f € FH(X)
T, fo o f ET B EHNEE [IIBVERTERN, Lk, METRN LTS,
(1) p ST B R S 1F I, £) < liminfreo (1, fu).
(2) p AWHIRT LB B D3 51 T(, f) < hminf_eo I(j, f).
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THE 2 (BRAENEEE [6]) ue My(X) HHECHEEE TS, {fulnen C FHX),
feFHX) T, fo 1o f L5, BMOTEK T IIHVEKTEHNT, EOr > 01
®LT I(p,r) <oo &3 5.

(1) {fntnen B—4E p-AEEE RS0 I, fr) — (p, f).

(2) {futnen B—H4k B-AEE R ST 1A, fr) — I, f).

FE 3 (Vitali DRIEWREEE [10]) 1 € My(X) ZHCHEFEE TS, {fulnen C
FHX), feFHX)T, fo 1o f ¥ o, MAUBEEIIHVERTEDN, E&
e, ACELUIBEI T, EBD r > 012kt LT I(p,r) <oco &7 %.
(1) {falnen B TICEALT—4E p-7 SR ST, fr & fFIZTICEALT pu-"IHE5 T,
Ity fr) = 1 (g f)-
(2) {fatnen B TICBEAL TR p-AIES 261, fp & I3 TICEALT @-"HES T,
I(f, fn) = (1, f)-

4 pRE—HFAVFOIRMEDREER

BIR72 B EZERCIE, AHIBIESI O IZEI§ % Lebesgue O ERE & Riesz DEERIZ X
v, PEEERT 2 B { frlnen C FH(X) ISR LT, 20 p TBES {2} nen bR
IS5, UL, FENEREIEICK L CIE, 728 2 TR EIEMEZR & OEE IRV
ERHE LML T\ LThH, ZOFEFEITMITITHELLRWY (B 112815 —HKB
CHEREME 7R & OIENMERRIE Ok 2 2O ERICOWVWTIE [7] 2R X). Thvdx, HIE
IS 2 BAEFNCEI 3 % Fatou ORIEINHEMRE, A FRIENGRER, Vitali OHIEIRE
B2 CORYWEER (1, frn) — I(p, f) OESEHZIGHE LT, p BEKSIOESIE
EHE [(p, fP) — I(p, fP) 28 Z &1L TER00.

Bl1 X :=[0,00). A:=2% &%, JMEGRE : A {0,1} %

e {3 1478

TEDD. 1<p< oo lTEHETS.

(1) p BEIERPS T bR THS. Thdz, —HEEDERE oo BNE
ho, BRTANEN, Toler, MEEREEARMT, ME (S) LME (S)) AT

(2) p IZIEFEEGE TRV, Zhb i, MIBRFERETH B2 ST LBRIE TR,
F72, Egoroff b7z X720,



(3) fulz) =x+1/n(n=1,2,...), flz) =2 LB &, flT fIT—HIKTEHD
T fn Lt fChDN, 2L P Thn,

5 HONBAHOHEMTEDTEREELEDTINREEADGH

8 4 G L7 EE S 1E, BB I M(X) x FH(X) — [0, 00] DREMEE D~ X
T T AR 2 O CAEETE 5. T7/22bb, ER0 < p< oo, 0<q< ootk

L,
Ly f) == I(p? fP),  (p, f) € M(X) x F7(X)

THI B FENBEE L,  ZEDT- L &, [ OFMEEN I, , ITBIETHZ L 2FAT 5. L
T, I M(X) x MH(X) — [0, 00] IFFERILBIEL, 0<p<oo, 0<q<ooldEHL
T5.

W 2 WAULRIE T 2SRET (R, ISR, BUVERTEBN, KLU, E
i, MEGINTY) 2251 I, bR UHER b,

=)

ZOoMmE2 ERAVWNIE, EE1I3DOEHLELT, pIRE— AL MIET HEDIEEH
DELIZELND.

FI 4 (Fatou ® p RAEIEAE) 1€ M(X), {fulnen C FF(X), f€ FH(X) T,
fo 5 f &5, SV [ IE5VERCEBR, LE, HEYIN LT 5.
(1) p 2FAD B O HIE T, f2) < liminf, o0 I(u, 7).
(2) p AWEIRT LD B O#gER 5 IE
I(p®, f7) < liminf I(a%, f7) 7> I((u?)7, fP) < liminf I((u)7 f7)-

n—oo

EE 5 (AR p KAEWREER) puc My(X) IZHECHEBELE TS, {fulnen C FH(X),
FEFHX)T, foto fr¥s. MOUEK [ IEHOERCERNT, EEOr >0
LT I(ud,r) < oo & 5.

(1) {fatneny D—8F p-AEHIE 72 S0 T(p?, f2) — I(pd, fP).

(2) {fnltnen B—H4E G-AEEE R O1F

I(@?, fF) = L(p?, f7) 2> I((u?)7 f5) = L((n?)7, 7).
EFE 6 (Vitali ® p LAEWEREE) p € My(X) ZHCEREETD. {frlnen C

FHX), f e FHX)T, fo 25 fL9%. BONEKRIT ZHVERTEHN, L&
Wi, KELUWHI T, B r >0k LT I(ulr) <oco &T5.
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(1) {fntnen 28 TIZBE LT p | pa-"IRES 72 BI1E, f, & fIETICELT p 5 pt-
T, I(pd, fF) — I(pd, fP).

(2) {falnen N TICTEALT—HE p T p9-FIRES R HIF, f, & FIZTICELT p 5 a7
oy, I(a9, f2) — I(j9, f7).

(3) {futnen B TICBALT—HEp T (u9) -AIES 2 HIE, f, & fFIZTICEALTp &
(p?)-mlEor <, I((ph)7 fR) = I((u?)7, f7).

Sugeno TSI OERREME, T72bb, EED (4, f) € M(X) x FHX) EED
Ef e >0k LT,
Su(p, f A e) = Su(u, f) Ae=Su(u, f) ASu(u,c)

Zl T OT, LR BEERRERZ .

EIE 7 (Sugeno BH D p KAEIKREE) pe MX)IZBCERE TS, {fulnen C
FHX), fe FH(X)T, fu Ly freds Zolx Su(pd, ff) — Su(pd, fP). &HIT
W AR S, Su(at, f7) — Su(as, £7) o Su((u), £7) - Su((uo), £7).

6 B &/ IENEREIEDH

ZOMGRTHRANTE 2L DI, FENCET 5 B OIS QIR EE IS B CE
FE7RIENMERIRIEE L) LT D S20A%, £ DOFtEZ & DIFINERRIE O3 Z < H 5.

Bl 2 (BCERGIEMEAAE) ROFEMENHE p: A — [0, 00] 1FFT~THDERT
b5,
(1) LIMERBEIE, J70bb, EBD A Be AR LT u(AUB) < u(A) + p(B).
(2) EBE p:=0om. 7272L, m: A — [0, c0] IZTHBRIMERBE, 0: [0,m(X)] —
[0, 00] 13 ¢(0) = 0 Z 7= 9@ fe 2D JFUR Ot 5 THREBEHREMR K L+ 5. #iZ
p(A) = m(A)* +/m(4)
(THEIMER T HEINEN THEBRE THRVWERETH .
(3) inf{u(A): Ac A, A#0} >0 22T IFMMEARIE. Z ORE b —RIZIZHME
BT H ENERY T HERE TH R0,

(4) FEMMERRIEDOISATE AW HN DR OBIE
(@) A-HIEE: 7= pu(X) < oo &<, EHEAN e (—1/r,00) U{0} PFEEL T, AWV



WZEMm A Be AZxLT,
n(AU B) = p(A) + u(B) + Au(A)u(B)
T IEIMERGRIE. O NHEX, A>0DLXBEET2T—, A<0OD
EELEV 2T —, A=0DELEETV2T LD,
(b) HAMEREE: (B A, B € AWK LT u(AU B) = u(A) V u(B).
oL E, pITEMERIE: G(ANB) = a(A) A a(B).
(c) Dubois-Prade DR EM:BEE R [3] TRV 5 ATREMERIE: B (A} cp C 2¥
A LT u(Urep Ar) = suprep p(Ar).
IOLE, pIRMERE: B(N,er Ar) = infrer A(Ar).
(d) Dempster-Shafer OFFEHLIEF [16] THU DY MREIE: w(A) = S p(B).

BNA#()
2L, pr 2% = (0,1 1 p(0) =0, 3 4eox p(A) =1 &=L, EAHEE
Bl
SorE, @IHEEMERE: G(A) = Y p(B).

EE 3 pAEND (Fd) BRERTY, aEFab (E2nd) BOEEE TR 20,
FEEE, FTREMERIE S S ERIE X B CEGE TH DA, £ ORHEE TH D MR MERIEE
FEHEHEIL ENS S To b HOERE TR, Z0FEIE, ELoEHE 171280, T
DOPNE pp OFHRIE oI T HERIFAERN THLZ 2R LTS, £, ZO/Miwo
FERZ LT LHIFA L ITRO W BBORHES IR T 2RO LERFARTH 5.

7  FEMERY Lorentz ZERS D 2l tE

Z DETIE Choquet FE43 D p IRE— A > FOINFEFDIGH & LT, Choquet F&43 3 1E
% Lorentz ZZEMOZEMELERT . 0<p<oo, 0<qg< o0 TEHETD. pe M(X)
HEMES, Tbb, 8O A B € A LT, u(B)=07%51 u(AUB) = u(A)
BRI ETB. & f e F(X) ekt LT,

( / (i > t})“pdt) gt

supt - p({| f| = t})!/” if ¢ = o0
t>0

1fllp,q :=

Lpa(p) :={f € F(X): [[fllp.q <00},



Npo(p) = {f € F(X): Ifllpq =0}

LB TOLE, BEM Lpg(1)/Nyo(1) % Lyo(n) T L, JEMAM Lorentz 22 &
W3

EE 4 OFEE, bbb, EROEBHEME (N, e C AIKHLT, $TO
neNTuN,) =025 p(US, Na) =005 248, [[fllpg =0 f =0 pac.

ST, |- lpg CEEDHIIERE dp o (f,9) = ||f — gllp,g 1%, Choquet F&5y & Shilkret &
3% AVILIE
; ) Ch(p/?,|f —g|)"/e if g # o0
q\J,39) =
o Sh(u'/7,|£1) if g = o0

ERELOT, IEHAELTO pIRE—A L FOWFEHRDIGH L LT, Ly (p) OFERHHEC
BT 2 IRDFERDPELND.

EIE 8 (FEMER Lorentz ZRD5ERME) pne M(X) &75. 0<p<oo, 0<g< 0
EHET D, p I FobEDERI DO TOLER T, IOIZEBEIEN, $72bb, &
BEK>1DPHFELT, BED A Bec AT LT u(AUB) < K(u(A) +u(B)) &7 5.
TDEE, Ly () 138/ VA - pg CBLTEETH .
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