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LUSIN OE® & 28 EGOROFF %

EMKRE - THE W8 & (Jun Kawabe)
BEAE AH# (Yuya Hasebe)
Faculty of Engineering, Shinshu University

BE. Riesz ZMICH =R ONEOS (S E Egoroff #£) #MATHZ LITLY,
EEMEZe R _E 0S5 |ANIENY 72 Riesz ZEWME Borel 7 7 ¥ 4 RIEEIXEERI & 225, Ei, =
® X 5 72 Riesz ZEHWE Borel 7 7 ¥ 4 RIEIZ® LT Lusin DEBIRIULT S.

1. FiR

ARz EOREOERIMERX, MBEMRLAERORITIMLE2I2EELR2YET
HY, —D Borel BAIZHTA2HIEEZ, LVERIFVRLTVEARERLa /27 b
EATBITARETHRLTZZLETRELTS. ZOBEQIERIXBBKIZEYD, #l
Z X Borel 7] BASAEB RIS T CE B Z L 2 F RS B Lusin OEHEIL, H
EOERMEDBT 2D TREASND.

FEMEAERERE OREOBFE2ERD2H>T, Li-Yasuda [9] iXEEREZEM £
& DT BINER T Borel 77 ¥4 BIEIXERT, ZOEEL LT Lusin DEEHM
FD L D RIEIMEHRIEICK U TRILTEZ L ERLE.

—%iZ, Riesz ZMIERIERZBHT IR, BEORERTAERDR R
DEEE LAV ERRKROEE L 25, ZOWBETIE, Luxemburg iZ L ViMAZH
7= Egoroff thiz b v 2B/ T, ThEZEL L /L E Egoroff t£ &\ 5 Riesz ZFE D
GBONE” OMALHICMAT S L2k Y, Li-Yasuda OFE R Riesz ZHME
Borel 7 7 P4 BIEIZRH L THLRIYITAHZ L 2@ETS.

ORI AR ENRX[6) DEHTH Y, AR EIIFBIEZBRLTWY
Tefe& =,

2. £ % EGOROFF 1%

ZDOETIIRiesz ZRDE LN EOFBE L U TEE Egoroff 42 WAT 5L LD
12, FOMDOIROENEOEE L OHEERBMRICOVWTE LB 5. E7=, Riesz ZRUEH
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IERREICETIERNLRABLEE T2, UTTIE, BRE2EZN, EHe
% RTHRT. 72, VidRiesz ZM & T 5. Riesz ZMiRICAET SR FFE
BRIZOVWTIT 12] 2R X

..........

BRNORDLEBEINETD.

(1) ZEFIOF {u™}peniE, EmeNEE (ny,...,nm) ENTIZHLT
(1) 0 < tn; SUnyjny £ S Unyonm S U
() n >0 &TDE, und0,Unynd Unys s Unyysnmn 4 Ung,nm
% W7-¥ & & u-multiple regulator in V &£\ 3.
(2) u-multiple regulator {u(™}n,enid, meN L& (ny,...,n,) € N,

(nh,...,nL) e N IZH LT, n; <nl (i =12...,m) 25 Uny, npm =

Uny,..mp, DR ILD & & strict &5,

UTTiX, N»b N~DOERLEL 0 TKRT. 0 IEREDIRF, T2bDH,
61,0, € OITH LT, 6,(3) < 6:(3) (Vie N) CEEZDIRFFEMRG, <6, CBALT, L
CHEMREIEFRE L 25,

.....

HF|LT5.
(1) & u € V+ L% strict u-multiple regulator {u{™},en in V IZR LT
(ii) j=v1l {ok}keN COMFELT, ug, — 0
RV ALH L ¥, Vi SE Egoroff £ (multiple Egoroff property) Z %2 &
AN
(2) & u € V*+ &% u-multiple regulator {u™ }men in VIZH LT
(ii) infoeo up = 0
BV IMED L %, Vii#AH Egoroff t£ (asymptotic Egoroff property) %
ok,
(3) & u € V* & % strict u-multiple regulator {u(™},,en in V iZ3F LT
(ii) infoee Ug = 0
B Y Lo &, Vit WAk Egoroff £ (weakly asymptotic Egoroff prop-
erty) b2 5,

¥ 1. (1) V 23 Dedekind o-5EBDHEIE, B2 OFME (1) iIXBBRIITHI- S 5.
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(2) u-multiple regulator {u(™},,en 25 strict T, £ 0€ Qi LT, LB up :=

(3) V 2B E Egorofi ek b0 &+ 5. D&%, T2 0 (1)-(ii) KB 5 A5
{6k ren ITEFAHMNE 222 L D ITBRB.

(4) BA & AT HHER) Egoroff 7> & 5314 Egoroff #4341} 5. WiiL#Y Egoroff #4
OBEEIE, Riesz ZRME T 7 ¥ 1 BIEITH LT Egoroff Oi’ﬂmﬁiﬁﬁ‘b L &R
F 72T [4, Definition 5] T TIZMA I TV 3.

% H Egoroff t£ & (55) #iELAY Egoroff #£1%, Luxemburg-Zaanen [12, Chapter 10]
TEOMRAHEMIZHER SN/ Egoroff DX EEZ EENL LD TH B,

T 3. (1) vueVt 43 VOERNMLARD2EHY {'U'rn,n}(m,'n)eN2 X

(i) EmneNIZHLTOLS ups<u
(i) #meNIZHLT, uppdlasn— oo

=3 L % u-regulator in V 2115,

(2) Fu € Vt L& u-regulator {Uumpn}immenz in VIZHF LT, HEIBRDF {vi}ren C
V with v, | 0 BZFELT, & (k,m) e N2 2 LT, @Y7 n(k,m) e N #:&~iT
Umn(km) < Vk'& 725 & &, Vi Egoroff t& (Egoroff property) b2k 5.

% B Egoroff EDFFEIX, IROBERIZHLRA TAMIT -,
8 1. £ E Egoroff ¥4 % % -> Riesz Z2MiX Egoroff £ % % 2.

3R 2. £ & Egoroff £ % % D Riesz ZEH 1355 Wi LA) Egoroff £ % b0, JEF 472
Riesz I L Ti¥, £ E Egoroff f & 55¥15 8 Egoroff 13— ¢ 5.

£ < DEE Riesz ZEHIIZL E Egoroff 8% b 2. (T, T,v) i3 o-FR2RIEZM,
0<p<ool¥d. TLEDv-TRRREMEREED v-ae TORMEROLENLRD
Riesz ZEM% Lo(v) TET. 70, pRAMNE f € Lo(v) DRI G 72 BIRFA T
TNE L) T, v-EARUFRE e Lolv) BEPLRBIEFATTNVE Lo(v) T
£7. :

M 3. LAT O Riesz ZHIX B E Egoroff 5% H 0.

(i) & Egoroff % b D Riesz ZRIDEEDIEFA T T L.
(ii) IEFEEME. /v 4% > Banach 3.
(iil) FREDIEF % b D EF|L4D> 572 5 super Dedekind mﬁﬁ Riesz 25 s &
ZDIEFAT TV L, (0 <p < o).
(iv) Super Dedekind 5Ef# Riesz Z8[H] Lo(v) & Ly(v) (0 < p £ ).



§57# 8 Egoroff MEDBES X, Riesz ZZRME Y 7 ¥ 4 RIEIZ% LT Egoroff D E
BERMNTDIILEERTEOICHEAINT [4, Theorem 2]. EHEIEMERIBIEEIZ
%4 % Egoroff DEBEDRIIMEIZOWVTIL(7, 8, 10, 11, 13, 14, 18] R X.

UTIORXEZEBLT, (X,F)XFMAIZER, T74obb, FRETRWESX D
HORENGRD o-HERELTS.

M 4. BERE L Fo Vi

(i) p@)=0 4
(i) ABe FTACB22bifu(A) < u(B) (HRMME)

W3 &%, FEMERME (non-additive measure) &V 5.

M 5. AN L F o V SIS RIE LT 5.

(1) MEFN{Ap}neNn CF L A€ FB A, | AT u(A,) L p(A) LB &
&, pid EH S E#E (continuous from above) &1 5.

(2) BT {A}neN CF L Ac FHS At AR u(A,) tu(A) 225 L
&, piXTHoEM (continuous from below) &> 5. ‘

B) EMBLRUThboERRRL X, 4k 77 Y 1 ME (fuzzy measure) &\ 5.

(4) 22 A, B € F S p(A) = u(B) = 0 2T y(AUB) =0 L BB L &, 4
X FWMER (weakly null-additive) & VY5,

EREFAMEREIZ DN TO L ) SR EEIZBIL TiX (2, 14, 18] # R L. Riesz
ZERMEFEMEAIRIBEICBI L TIX (1, 3] THROLDORKHAFEENE LN TV S,

EW 6. MEBIK 1 : F — VIZFEMEMNRET, {folnen XX L F-THI% RIE
R%%, fHLEDOXD 2B ET5.

(1) MEEeFwith W(E)=0BHFELT, FEDz€ X-EIHLT fo(z) =
@) BRYLDLE, {falnen i f 1T p-HBIRET B L1005,

(2) BARRBA 12 B HE TR {Eotacr C F with u(E,) L 0OBEELT, £ X - E,

LETHBFIARBRT DL &, {folnen 13 f IC p-B—HRINKT B L1 5.

ROFER L Riesz ZZHEIEMEABIE ~D Egoroff D EBRDILIBTH Y, HE4ET
Lusin DR Z RS HRICAV OGNS,

SEHE 1 ([4, Theorem 2)). BAMK U : Fo VIRT7 7 P4 BIEL T3, VIIHRHHLN
Egoroff t2 b D L{RETSH. ZDL &, Egoroff DEEMN p T LTRY LD, T
bbb, X EO F-FRIZRZEMBES {folnen 23 X LD F-FTRIZFEEE £ 1T
PR IIE, {folnen 13 1T - BE—RRIUKRT 5.
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FE 2. BB 1 IXERICIIETN Egoroff 5% b D Riesz ZRI OB IR I AL TW
%5 [4]. La»rL, TOERAEZRITNIZ, 5L Egorof % bOBA TH EEN
BRIETBZENDND.

3. RIESz ZEMEIEFENIERSRIE D IERIME

BEREZSR LB O EMEMETRRIEIIER L 225 2 ixX{mbh TV 5 (15,
Theorem 1.2]. T2 T Li-Yasuda [9] 1, ZOMEBHEMENL2T7 7V 4 B
Bz L THYRIT B2 R L. ZOETIL, Riesz Z2MICEE Egoroff 8% 1K
ETHZ LiZX Y, Li-Yasuda DFERMPFHEIMERR Riesz ZZHE 7 7 ¥« RIEEIT®}
LTORYTEHZL2®ETS. 7, MEAORL 2 5% [9, Lemma 1] @ Riesz
EMREEZD T ENOHBIREIRDD.

Bl 1 BB FoVR77PARELTS. VidEEEgoroff tE2 b0
RETS. 0L, RKOZGIIFRE:
(i) wiXT5TMMER.
(i) FERD 2 BEAF {Amntmmenz C F 25, &m eNIZH LT Anpn | Dy, a8
n = 00 D u(Dp) =0 EWVWSHEE S TIE, BT {Oc}ren C © BFE

LT
oo
7 (UAm,ok(m)) —0 ask— oo

m=1

AARR Y L. |
DL, BB (O ren (TETBME 2D KD ITBRS.

S 1% Hausdorff 22/, B(S) X S ® Borel ﬁ’é‘éf#bl%?’fﬁ 5 o-HREEK, T2bb,
SOFTRTOBMEENPLERIND o-BREK LTS, B(S) ETERSN-IEMER
BIE%Z S £ Borel FEMEHRIE L L&

EH® 7. xS LD V{H Borel FEMBEHRIEL TS, A BS)IITxLT, B
£ AT {Folnen & BAEAEF {Goulnen BHFELT, F, C A C Gn (Yn € N) 230
WGn—F,) > 0asn— oo &Mi/=d & &, piXIERY (regular) &\V5.

EE 3. EBTIZBWT, PARET {Fu)lnen (ZBFREM, BRES {Go}nen ITHEM
WL 72Dk 5ITBRB.

B 2. SIIFEMEZEMI L T5. VIIZEE Egorof 52 b2 L {RETH. oL %, £
BOREMEMALR S EOV-{E Borel 77 ¥ 4 BIEIXERITH B,

XX 4. BHE 21X S 552 Hausdorf 2/, T72bb, SOEROMARE N Gs-RE
ERBFEA LMY L. HlxiX, ERIZ Suslin 223584 Haudsorff 22 ¢ 5 (16,
Propositions 1 and 3 in Chapter II, Part IJ.



4. LUSIN DER

FEMERIRIEE 233 % Lusin O EHiZ [9, Theorem 4] THHTHEX bR, ZD
B TIX, Lusin OFEED Riesz ZZEMEFEMERRIE~DILEEZE X 5. 3, Egoroff
DEBOVE >OHERAREREEXS.

2. BB FoVIRT77VARELTS. VIIIEFTRETS. {falnen
it F-RTHIR X EOEBIEREF], fHEDL D REKET S, {falnen it £ 1T p i
—RIRT B LRET D, Tk, MRENZEAS {Xp)lmen C F BHFELT,
w(X = Upeey Xm) = 0 2L, & X, BT £ 13 f IE—HRIDRT 3.

thiE 4 (Egoroff O EEDOER). SIIEMZEM LT3, 3B TMEMNLS Lo V-E
Borel 77 VA BE LT 5. VIIIEFAIS CEEEgoroff %2 b DL RET B. {falnen
t¥, S £ Borel ATRIZZEMMEBIKFIT, FLEDOL I RBEETE. {fulneniZf
R T B LEETS. Z0L &, BEEMRALES {Filen BFEELT,
(S —F)l0ask— oo 2L, &F, LT f, i f Ic—1B0URT 5.

XX 5. B 41X S 2% Hausdorff 22/, o AEREMBEM CER S o V-E Borel
77 ¥4 BETHIIER Y 0.

B 4 % A\ T Riesz Z2RME Borel 7 7 ¥ 4 BIEEIC 93 Lusin DEEAB OB,

B 3 (Lusin DERE). SIXEMER LT 5. 4 i3FEMEML S LD V- Borel
TrV4EETD. VIIIEFFI S TEE Egorof £ 2 b oL RETS. fixSE
® Borel IR EREBEK L T5. ZoLx, BEFEMRALES {Filrex BTFE
LT, u(S—F)l0ask— oo &=L, & F, EC frllgsizs,

FE 6. EEIILSHERZEM, pABEMENTERRS LD VE Borel 7 7 ¥4
BIETHIITRY Lo,

BE W

(1] A. Boccuto, A.R. Sambucini, The monotone integral with respect to Riesz space-
valued capacities, Rend. Mat. Appl. (7) 16 (1996) 491-524.

(2] D. Denneberg, Non-Additive Measure and Integral, second ed., Kluwer Aca-
demic Publishers, Dordrecht, 1997.

[3] M. Duchofi, J. Halugka, B. Rie¢an, On the Choquet integral for Riesz space
valued measure, Tatra Mt. Math. Publ. 19 (2000) 75-89.

[4] J. Kawabe, The Egoroff theorem for non-additive measures in Riesz spaces,
Fuzzy Sets and Systems 157 (2006) 2762-2770.

[5] J. Kawabe, The Egoroff property and the Egoroff theorem in Riesz space-valued
non-additive measure theory, Fuzzy Sets and Systems 158 (2007) 50-57.

81



82

[6] J. Kawabe, Regularity and Lusin’s theorem for Riesz space-valued fuzzy mea-
sures, Fuzzy Sets and Systems 158 (2007) 895-903. '

[7] J. Li, On Egoroff’s theorems on fuzzy measure spaces, Fuzzy Sets and Systems
135 (2003) 367-375.

[8] J. Li, A further investigation for Egoroff’s theorem with respect to monotone
set functions, Kybernetika 39 (2003) 753-760.

[9] J. Li, M. Yasuda, Lusin’s theorem on fuzzy measure spaces, Fuzzy Sets and
Systems 146 (2004) 121-133.

[10] J. Li, M. Yasuda, Egoroff’s theorem on monotone non-additive measure spaces,
Int. J. Uncertainty, Fuzziness and Knowledge-Based Systems 12 (2004) 61-68.

[11] J. Li, M. Yasuda, On Egoroff’s theorems on finite monotone non-additive mea-
sure space, Fuzzy Sets and Systems 153 (2005) 71-78.

[12] W.A.J. Luxemburg, A.C. Zaanen, Riesz Spaces I, North-Holland, Amsterdam,
1971.

[13] T. Murofushi, K. Uchino, S. Asahina, Conditions for Egoroff’s theorem in non-
additive measure theory, Fuzzy Sets and Systems 146 (2004) 135-146.

(14] E. Pap, Null-Additive Set Functions, Kluwer Academic Publishers, Dordrecht,
1995. '

[15] K.R. Parthasarathy, Probability Measures on Metric Spaces, Academic Press,
New York, 1967.

[16] L. Schwartz, Radon Measures on Arbitrary Topological Spaces and Cylindrical
Measures, Oxford University Press, 1973. ,

(17] B.Z. Vulikh, Introduction to the Theory of Partially Ordered Spaces, Wolters-
Noordhoff, Groningen, 1967. ‘

[18] Z. Wang, G.J. Klir, Fuzzy Measure Theory, Plenum Press, New York, 1992.

[19] A.C. Zaanen, Introduction to Operator Theory in Riesz Spaces, Springer,
Berlin, 1997. ‘



