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1.

EEAHEK S PER(ER) ODEREHEK TH L2 L X EBDLA>0 LT
lime-wf(kx) [f(x)=F Li22 L &%V, 0=0D & X%, BIERLTEHEKE LiTh 3, FH|
FEBEIT Z L BE, KREEKENCLOTH D2, HEEREI LY, EREFGHCBREGR Y
B2 BBEONBTFEEVDEMND b5 T3 (Bingham et al.(1987)). FERHBIC B W TIXIE
BUZSBHME IS RO AR BFN T U TR D AT Ok ZREREFICB WT, FDOHOKH
L@ LiZAwens, Sz, 2OLI 20HEROFE LTEILMonTWw3 b0, IF

HOBOWS N H D (D, TET), Zhid truncated variance f <xt2ﬂ(dt) PHBIELTHET 2

{¢l
BTe—BT 3, ZD LD RHHEXL, RO & D D fEMEEHE 2 5. D 284 7% R Lo5
LT 5, 29, D BERBCOVTEHLUTWS Z & 2RT2, BLOD 2 DIF % 0RE
THA, Bib, 2000 1 & 1 DEREN D CBLTWE%R5E, m & i3 DCETT
H53D,

ZOBOMEIZIERS R, K7 v Y Y5HH, S5IFNSDERED S % 2RI DWT
EHERLE LB >N T3 (Linnik and Ostrovskii  (1977)). Z 2 T3, IERIZEME TR
ffroh, B2 BREEEFBETOVTHEHNIEOPORIC OV IONMEMERE2 5. &
ORE L, HATFERNEEEKOBABRROMNTORBIEE I EELOFELLERED
NBEOWEBOENTH 5. oA [0, 0) EDSHT tail 388 —a(a=0) OEAIZE

@%?5%0@0&[Qw)i@ﬁﬁfnmwwdmmn/¥jMﬁ)ﬁ%@%%?%ﬁc%>

1]
D, ThB, ZhoOoMmER, BESMEOWRSIR, relative stability, IHITFESAAT DR KHE
DOENE T ¥ OWRER L EEHNDH 5 (Bingham et al. (1987)).

KR TEAIMDONEEEZ 5 DHINT 2 BEBONBNREN 2R E2RT DT, FEIET
Zhie o TEMicR~ %, JEEIEED (resp. JEHEN) BI% S BIEATER A (resp. FEBLHN)
B8 AL O f=A+/LTRINDBEE, fRAL LEHBEINDZEVS, ZOLE, /i k
L% fOESE L&, ERIEEEBOBRSDENESLEL E WD Z EBRIIOMETDH 3.
ZhINT 2B 213, £ OSFERABISEEIRIN, SIS A B, LS DR 0 Tk
WHIHITERIZEIBEROSEES TER S, 7, ERVBEEBELEHEHROBES, EOFHICINET 3
bOEHEZNITHS PR K DT, TRTOEDKSIEEREET 2 b OBEET 2, BHLD
DAL ZDOHERZ D DOLDRIEREL, £7, ZOLOOLETSEGEE2E52 5, —F, 01
I T 2 JERIR IS ERAS L 18508 0 TR WEHERNEH AL, HICEAZEEHL2WIED
BaEbb, £z, 3 LLESOMTRENS, 851, BRODOHBERXODWITERYT S, &
W, ERIZEEIL WS OB SERE,, ERIZEI LR WKS ¢ OEEIE f OFE»0 & %
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STRVEHBEERRKELS ELL, (PBEBEH THNIE, g —RHIK/NAZ VL, ie
lim infrwg(x)/f(x)=0 L VI HEEE DD, LHL, EHMB 0 TEWES, g BLTLH 2%
BEblhw, INEEREFEEERIBOREBRZZ»5THS, ZOI L2 BHRIZH
AL X35, f 23 020 0FERATERHEEEEK L 5. b LES ¢ VEEE L 2T hid,
B E>1LIEX L T, lim supr-wg(kx)/g(x)>k (—BERAMM Td 3 »,
lim infr-wg(kx)/g(x) <k’ (—RHEMTR) Ths. f BEBEEEHEH (0=0) DBEIIIER
DD SBFZEY 27, MBEOBEDOABES, ZOLE g IR/ S 2o&2 %%
BB EBREND, LHL, HEDIELZSEHEENRD 55, Lrd, g O—RFHAENE Z
DS TH 2 f—g O—REHHEINTREDH 2 KETRKCEY, 2 00K EVwCHYE
5, ZDESKLT, p>07%5iF, 2 DOESIE— /NS s3I, EIEEMHEER
55DTHD FEEMDOGE bEBFIIER).

EABET, ESHOLEMERES. 27, D(e), C, D: BT %54 £ 2 DEH & OBEf%
ZoWwWTHRS, Zh s ORFE EREFHREEIC DLW TO—Kiwmd S Zh & DEENERE
KZOWTEAUTWwWE Z eBb»d, H2w, BHEILCODWTEZ S, Fax0ZXL, —FHD
D(a) CEL, fABEBET, ThoDERBEPET 2L 20 bDONFET 2 I LBBEH by
%5, ¥R s, peDla),veD(B), 22T, a<B %5, n*veD(a) TH205TH3
(Shimura (1994)). #6> T, tu, p2 £ BT, UocpcoD(B) IWBE RS, Z DEWME 1 * 12 B3
D(e) CETA2VDOBBRTEZ2L VS L 2BEIT S, E3EOERELZHVWE LI
EoT, ZOZLREENREZDIENTES, Fle, me m+* e D(e) TEL, 138
ERVHOT, lim supx.ee(r, ©)/m(x, ©)>0 L2 bDbHEKT 2. C, D L THEL
RREREZS., ZOBEE, MATETOHREBLMERL C, D CET 20D +0&Hb5%
3, ChHBIEOKRICEZbDTH D, I DOAHOSRERICIZHTRO M ERZEIE
BORSOEERKRL T, D(e)(a>0) & D), C, D; DFETRETFHIRELESTL 3,

2. # fis

ZOETID L TULEICR ZTFAEEFHIICOWTOEKRNR Z & & 2CBEEST 3 5F/HED
FERERERIC O W THB BN T 5. 2L < 1Z, Bingham et al. (1987), Darling (1952), Feller
(1971), Gnedenko and Kolmogorov (1968) I & Uf Seneta (1976) 2&BD Z &,

EHR FOBRAEGOHEEROES R P(RY) TKT. 9 middHs veP(RY) xfL,
pU=m v ERBEE, DAL OBERLIINA(mrvid v EOEEREEET). ulx,
©), (—oo, —x) BZNTH p OEM tail, £ tail & k&R, limeofi(x)/fAx)=1 TH5 L
&, AL LEFIERCELVEVLY, A~f EEL,

eEEECT, UTo L 2itgkrHV3. (1): EEERVEKESEOES, (1) EEHkE
BRI EHOES, SV BELHEKESHROES, RV FHIEHERSEDES, RV,:
88 o OTERIEEIRBS S OES, SV(1)=8SVN(1), SV(1)=8SVN(l), RV(1)=RV
N(t), RV(L)=RVN(l), RV.1)=RV,N(1), RV,(!)=RV.N(!).

BYIC, BELEHEKOEREEEH TS,

EH 2.1. (Seneta (1976)) fESV L RO LS XE I B I LIXAETH S, HBA>01Tx
LT,
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flx)=c(x) exp(ﬁxe(t)t‘ldt>, x=>A

22T c(x), e(t) 1 limxewc(x)=c(0< c< ), lim;-wec(f)=0 27T HIEEKTH 3.

ERIZEBEIREAB O BT D WTIX F BEFATHNIT, lime-of2x)/[f(x)=1 23, IBELH TH
100 +a&Mi s, —F, BEDI0 TRVEEIE, ROLSIZTRTOEAEEHELKZ
B b OHLIRNICE L W, .

I 2.2. (Bingham et al. (1987)) fSRV, %, [A, o) L TCREFIERTHB LT 5.

0>07% 51, f(x)~sup{f(t); A<t<x}~inf(f(¢); t=x}.
<0751, Ffx)~sup{f(t); t=x}~inf{f(¢); A<t<x}.

L, F4ETHERD SAEEROERRIERICDWTHRDS,
rEP(RY) ORMHEBEE % 4(z) TEY. 9 p BEESFTH D L 1E, FED a>0 & b>0
LT, KRBT c>0 &£ dER'BEHET L EXH NS,

idz

a(az)a(bz)=i(cz)e
BAEL45 T (FALIHH) 2BV T clla b btk > TUEDITERD,0<a<2 3 a d5F

FEL, c*=a"+b° L5, IO aREESHOIERE LiZND, 5 o(0<a<?2) OREN
D p DFEEHEITRD X 5127 5 (Gnedenko and Kolmogorov (1968)) :

0/ . ;
o) o] [t 52) (-

oo (ewm1-ghear) e |
ZIZTC,yERY, 0, 220, ate>0THB, (2.1) Ta=0D & X, LEHF 1 1T spectrally
positive & x5,
BARE, X1, Xopeoo, Xnyeoo B 536 v ICHE S BEUEO BT FISFHERLHII L L, Sa=300 X, (B
ﬂ/%)s Lr=maxiz;j<.X; EEL.
WA EATCESES B >0 & AR ICX D,

B;lé}(]_An

DHFR >0 DEE p CNET B L&, v ik g @EBIEN2 L v, pITKESh259He
Fx p OBRFIHE WD,

[0,00) ED4ART tail BMEH —a DIEAIEEN T 5 b O 26D 5% 3 B4k % D(a)(a=0)
THRT.

FIE2.3. (Feller (1971)) 0<a<2, y(—0,0)=0& FT 5. 2D L &, vHREHeD
spectrally positive X ZESHOBGIRICET 270 DLEFFEEFIF veED(2) TH3.

I 2.4. (Gnedenko and Kolmogorov (1968)) T XTD x XL, v(x, ) BIETH 3
LT 5, WUIEA R TERICEL By 10 &V, Lo/B, DS HEHBIERIESH 1 PR T 3 12 D
B, D2 a>0 1w, vix, ©)ERV_ LB ETHS, ZOLE pldc>01T X
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w(—oo, x]=exp(—cx™®),  p(—o0,0]=0.

IR 2.5. (Darling (1952)) veD(0) 5L,
lim P(n- (e, )20 =, 230,

BT RATTERT B, >0 12XV, Su/Br DA nooo TLICHERINE T L&, vET
B S, i1 relatively stable TH 3 v ), peP(RY) XL, g @ truncated mean %
M(R)= xpe(dx)

|x|<R

TEHET 2. FERETH X O5FO truncated variance ¥ X 1%, truncated mean % # L% 1L,
Vx(R), Mx(R) TE7. [0, ) EOSHTHEEBEE T 2 truncated means % b DOFDEREE
C TET.

IR 2.6. (Binghametal (1987)) v(—0, 0)=0 &% 3, ZDEk X, vdirelatively stable
THLIDDODLBETHEEFIZvEC LB ETHS,

RiZ, BRI L, £ S, DLEERIZOWTHEZ L 5. BEHODIZ, (0,0) FOSmIZR-> T
FERTH,. TDES5,>0TH2,. TOLEED L)Sn D n—o0o DEEDEHIZOWT, AFDZ
L4 e Tyv3 (Bingham et al. (1987)).

EH 2.7. Ln/Sh DS n—co DL E 0 ICHERPIES 2 7: 0 DMLBEAGEMR vEC TH 3,

28, LS. n—coDt &1 XHEERIETL-ODOLELSEMER veD(0) TH
%,

EIE29. RIFAMETH 2 :

(1)  La/S» SIEBIEHIROA % B D,

(2) v dMEE 0=(0,1) DEENSFCKII S B,
(3) E(S./L.,—1) BEOERLZBEL b .

FI£210. v OEROFEH mEHORSIE, REFETHS:

(1) (Sa—mnm)/L, ZFEBIBBEIFE b D,

(2) v B e=(1,2) ORESMICHEEI &N 2,

(3) E{(Sh—nm)/L.} BPIEOERLZEE c 2% D,
ZOLED ak c DFRIZ a=1+c)/c TH 3.

3. HERTFAZEHRIH IR

CDETIE, HFENZEEREIS L EEHFERA ORI DOV TARND, BMFHERZEBBI
VB f=h+fESBINTHD EL LD, fHEBIRIELEEIL, FEHIHRISEEREIL, A
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FERIESHREHICSH T T, HIZERBL TwL ., BROFEE, RDI DD A TONRE2EZ S,
24 71: AERV, LERV ; ¥4 72: AERV, LERV ; ¥4 73: AERV, LERV, T
T, A4 T2 DHETIE, A, L DBEMFITRELRD LS REBE®REZEDLHDET S, Z0DE
DFERIZ, FFHAY 2, &7 3.5 £ TiE, Shimura (1991) 12, # AKX Shimura (1994) &
H5.

3.1 FERIRISEENREL

BIETHHNEDICZDBE, Y4 71O L0 ORHY, FOHELD
DD DEEELESERERD D, THIEODOVTIRR TS, ¥4 72, ¥4 7 3DSECE
FARSOMBIC ODWTEET S,

EE 3.1. FEEIERAES f 5 dominatedly non-decreasing (resp. undominatedly non-
decreasing) TH % & i, Hm supr«(f(2x)—f(x))<oo(resp.=) &7 b L X Hh 1S,

FE 3.2, fESV(T) ¥ 5.
(1) f #%dominatedly non-decreasing %z 513, f D& TCOBIEREII A 71 TH 5.
(2) f #»* undominatedly non-decreasing 72 51, f13¥ 4 73 OSEE H D,

B Z DEERER 3T EZE S TRWRAIZET TS,

15 3.3.

(1) f(x)=log x % dominatedly non-decreasing T# 5.

(2) F(x)=(log x)? iZ undominatedly non-decreasing T# 5.

(3) dominatedly non-decreasing 7% BI$t @ B3 dominatedly non-decreasing T® %,

TFH321F2 DORIPANDFRIZDWTTHo7295,3 DULEDBHIZODOTRERD X 5 12%
%,

%RE 3.4. f »% undominatedly non-decreasing % 51, fFED n XL T, f3f=2% /s
ZZT, e() o, {fi1i=1,2,..., n} OEBOEASFIE SV CEIRWVWERETE S, X
S5, fIREEREEOD £ =25 L bREINS,

Bl o bR TE S L9512, limsupx-of(x)/log x=0 7 51X, fiX undominatedly non-
decreasing TH % Z L 3\ 2 %08, RD#pAEIX, growth order #3/\& £ T3, dominated non-
decreasing LIRS WZ EERL T3,

WRE35. EED fS(1) Tlimxwf(x)=00 %2 b DXL T, ThEFTHIZEL L,
undominatedly non-decreasing 7z D 31FEFET 5.

ROEHBITFELH L 2 0RO BEEHEELS L &, R/ S kLI HES
KL TW3,
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1P 3.6. f % undominatedly non-decreasing $EIEZ BRI I 5. b L f DD fo DB
BEER T, HBEINH LT lim sups-wfa(2x;) [fo(x:) >1 72 51F, Iim inf,-wfe(x;) [f (25)=0. ¥
ww, ¥4 73 0NETHNII,

(3.1 lirainf Felx ) Alx)=0, lin;l_swup Fo(x) [Alx)=00

L5,

Y471, 2D OBTIIROEEIRKL D LD,

EIE 3.7.
(1) fESV(?1), 0<p<g<o T3, bllimewf(x)=0 25, i
(3.2) lim inf £2(x) [A(x)=p,  lim sup fo(x)/Ai(x)=¢

BigleT 5471 OREE S D,
(2) undominatedly non-decreasing 7z f X FEED »(0<r <o) 2t LT

(3.3) lim sup fo(x)/fi(x) =7

Wil T A T2 DEED D,

3.2 FEBEIEISEEIRIL

R IHEIHE ST TR O E R >, OBE, E310, EHlllcaohnd ki
BA OME R EEEHEROBE LA L L2 525, SEEKIZD W TORKRIE,
38 LMmE3IDLD I, FFADODEELIY bEHETH S,

FI3S. fESV(L) EF 5. limewf(x)=07%51F, [ 35473 DMHER b O,

FEFPDE & LEBE, XVBOERLABRRTEL.

WE3.9. fESV(L) 73, limewf(x)=0251F, FED n XL T, fi3f=2%fs
22T, e, {(f1i=1,2,.., n} DIEBOELHFE SV CBEIRWERBETE S, 35
W2, fIERERZBEOD & =25 L bEREENS,

ROGEZFEENBEEHEROBSOMBE CET 2D TH 5,

WE310. fESV(L) kL, FlZA L L EDRCHBINTWEHDET S,
1) zorx, AL LiDd>5, HPHRED1IDIXREHLT. £ E>1LIENLT,

lirg(l‘smupfi(kx) [fx)=1.

(2) UL AESYV 2D, 2 HF {x;} X L, Uminf;-wfe(2x,)/f2(x,) <1 7= & IF,
limj-wf(x) /[f(x)=0. Bz, ¥4 7 3DETHNIE, (3.1) 2K T 5.

471, 2D ODTITROEBEHIA D L.
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FIE 3.11.

(1) feSV(!), 0<p<g<oo 32, L limewf(x)=0%5I1F, F i1 (3.2) 2T 5A1
71 DSEE S D,

(2) fESV(L), 0<r<oc £33, b U limewf(x)=07%5F, fiZ (3.3) 23547
2DEE LD,

3.3 BIEEBTLUVERENESHRTH

B, BEEH TR WIFAMEHEKOSEEATH LS. TOBE, 7473 05EOHE
BIZBEEHODE E L DEVWHEEICENS, UTICR3#EREIEHEOTEA L S FRIY
DTHHDT, TNORELDTEL I LIRT 5,

fE3.12. FERV,(1)(0>0)(resp. RV.(1)(0<0)), IESV( 1 )(resp. SV(Il)) & T 3.
CTDEE, f=bfy, b~ 2T THERV (1 ) resp. RV (1)) & LSV (1 Mresp. SV(])) 23
FAET 5.

ROFBIZOFELER 3T, 311 »oiEHE RS,

FIE3.13. FERV{ 1) p>0)xesp. RV, )(0<0)), 0<p<g<oo 33, ZDEX, fik
(3.2) 2799471 D5 D,

FA4T2DHIONTIE, ROEHENKVID, IhbBEEFHOLELHUCEWZ S,

EIH 3.14. fERV(1)resp. RV(])) &35,
1) dL, 7472058 %5I1E, liminfrwf(x)/fi(x)=0.
(2) FED » (0<r<o0) L, ¥4 72D5ET (33) 2ERTLONEET 3.

Riz, 347300 HFEH50, ZOHERMOLE EBRZVFEELHDOL ELIFKREL
HEDLIEDPVR S,

I 3.15. FERV,(1)0>0)(resp. RV,(1)(p<0)) £ L, 0<p<g<oco 3§35, #DLE,
FREZ AT 3ONET (3.2) 2T HOBEET S,

i, 473 Tk, ROOWEISRELHEHK L £SO ERIESEK TR VIENL S
DTH» >, ROGEIZ EOEEOSRICB T 2RO OEREEEOR N FIZOLTDHD
THY ZOMZEZZ2DDTHS, 2%D, BELHO L I —FN/NE B3zt
T, BEEEFEL2KSTDIED, ZOBEIE2 ODDOROMBEFICHDORNEZ L THOE D
ZEWXEST, MNEL BT WEAEEMEEZKS LI ZLERLTWVS,

B 3.16. FERV.( M) >0 2w, RV.(1)e<0) EL,f 2 A L ZHBEI T
LT3, zoex, § {x) b2 E>0HLT,

lim inf A(kx;) [fi(x;) > k° (resp. lim sup/i(kx,) /(%) < &°)
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& lir}linf Hlx) [folx;) >0 ZfE728 1,
lin}iup Sl bxe) [falx;) < B (resp. lil}l inf Folkoc;) [fo(x5) > k°)
ThH5.

FE. BELEITREVWEEDIDUEOESANDSBIDOWTIX, BROFEICL ST,
undominatedly non-decreasing (¢57& 3.4), JEMIHEIRELEIOBE (M 3.9) LEBE I L
Bz B, '

4. IERIZEENME TEBITIT 5 h 3 I mkn 2 ERE

ZDETIE, IhE TOFNEESREEIC OV TORERESHEDOIMEORMEICSHET 2. #>
DX, tail BNERIZEET 294K D(e) & truncated moment 2EEEEI 52 C,D: Th 5.
B2ETHENLIZE D, I MRE, BIERELESICET 2BRERLBEFRT b
DTH3. Thohs, ERBICOVWTHULZ D THS Z L bR, ERELMIZFNSICE
TENMORREZDOBEOEROME ICH Y, HRIFETE SN L EEIFE TV T
5. :

ROFEBIZ, HAOERO tall EtBROZNEDBERIZEODVTOIDTH S,

EI 4.1, w(i=1,2,.,n) R LOSHET, p=m=**u 35, TDLE, ulx, 0)E
RV 37, p(x,0)=RV ZREMETH 3. X5ICIDL X,

lim 3} i, 00) u(x, ©0)=1.

EER. 2oL LERIEEHBEEOME (ASRV,, hERV.(0'<p) 5L, A+/-ERV, T
»2) 15, D) BEEBEIZOWTHLTWAZ t83bh 35,

BT, ZOZELEBIBORKEL2HEERZ L, DHED(@) COWTOUTOEREL2E 3,

TFI4.2. L BT Uocpewn D(B) WCE R RWaE th, 2 TEDEKRIE p=11 * 1o B8 D(a/) Iz
BT bOPFEET D, — R, FED n iU, 56 e, tn Tp=m* -+ 1z 13 D(a) @
725, {1,..,n} OEBEOEMLIEE SHL, {1:i€S) OERED Uiz D(B) KEX
Wb OWBFEET 5.

EE. %@3.11, SR U412 e, m AR Ber=m* iz Do) TET D, wix
Uococo D(B) WBEHROE I BROM 1, e WIFHET B EDWZ B,

EE. B 21) 2L o BROLESHOERSMEL T, L IEFNZEST, &K
BEET IR DDDEEEZRDEICRTIENTES, m £ UTHEEEEZHO tail 5= b
W —a OIERIEEIL, 22D, ThODQHEBIIRLEW DR LD, 1 & LTEREM T
b D EEE, '

wa(x, @) ~(cfer) (=0, —x], (=00, —x]~(cr/ca) m(x, ).
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TEEEBALDPS, m* i3 p DRFIBICET 52 &8bhr b,

FE. OFEHE3S, 35 wbbhbod, D) WET 22 TOSMEFNICBE RV DD
SICOEAEE L WO b Tl RWw, 12k 21, D(e) OFOSETEEMMEBZD & 5 2HITH
%, :

X ¢, truncated moment PHEEEE T E29FHE C & D ICDOWTH S, MHEIZDODWTORE
BRI DTHEDT, FLHBIENTEDZELEERZTDLIKCTS, ¥, €ETOESEN
CH2VWE D BT 27:0D+HEMEE2E522 005, FHEREZSHFOEZRDF
BIERTHZ2 L, PHERESHFOBEROSEIBERTHL2DOTCHH20E D CET S
B, TOZ L BIET B, ¢ d truncated mean H B \»iF variance #% dominatedly non-
decreasing 72 5%, £ DBERIIFNZFNC, D CET 3. X2, TNolBTA25HE %D
BREOBFREEZ Tro, MBEOREZAVT, L2 C, D B3RV, ZDEEHE
C, D: BT 520HDEFEEERT.

mE%E 2 DOHEBT 5.

fRE 4.3.
(1) X FIEEFERZTH, Mx % %0 truncated mean 32 %, XO2DOXFEETH 3 :

lim sup (Mx(2R)— Mx(R))< co.
lin;ﬁsmup RP(X>R)<oco,
(2) X % EHEFEEEH, Vx % %O truncated variance £33 & &, XD 2 DRFEHETD
5
lim sup (Vx(2R) — Va(R)) < oo.
lim sup R*P(X > R) < 0.

wE 44, [0,00) EOFEE, EER, FFRDLBEEHEE S L 0o>0wHL, [0,0) Lo
306 1 LB B BEFEL T,

Flx)= fw ), x=B
LEIT 5,

ETC, COBLU Dy ZFNZFH [0, ©0) o dominatedly non-decreasing truncated mean
& b D4R, R' O dominatedly non-decreasing truncated variance * & D49AKE L T 3%
EEE32 EXNIELT, ROZENBNWZE B,

FIE 4.5.

(1) X,Y 2BHREEEHEL, Z=X+Y 8. 2OLE, ZOHER BTS2 &
EX LY ORHEBEBZ QBT LREMETHS.

(2) X, Y 2ITFEREREL, Z=X+Y B, ZOLE, ZOHHEN D BT 52 &
EXEYORTHEBEDZ D BT A L IXRETH 3.
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ER. Co(resp. Do) ETRTDERY C (resp. D) WET % b OLEL SR 20K L
D HEIZ/PNE WD,

ROEHEITIEELH T 2 truncated mean & variance % b D53 & Z DER L OBRIZD
WTDHDTH5,

EIE 4.6.
(1) X«{i=1,...,n) % truncated mean M{R) % b DIFAREERLTH LT 2L %, F1S=
DX OSHN C BTS2 L DM(R)ESYV L B3EHETH B, ZDL &,

}Eifgi:élM,-(R)/Ms(R)=l.

(2) X{i=1,..., n) % truncated variance Vi{R) % b DM IHERLH LT 2L &, M1S=
SEX: DDA D BT 5 I DL V(R)ESV L RFEHETH B, ZDHE X,

lim 3} Vi(R) [V R)=1.

EFR. EO2Oo0FEIZB T, variance OB XIS HEORE ZNLETH 553, mean D
BEZTINBTLETH 3,

i 4.4 ZRAWVWT, EH 32, GE 34 DABRICSHMENICS LI LBTELDT, £
DEHELHETTREEBS,

FIA47. L2 Clresp. D2) WES WY, ZOESHEREIE Clresp. D.) BT 250G 05
FET 5, — R, B riXl, 0 ..., ten DELEL T, p=1* - * py i3 Clresp. D) Z&E
L, {1,....,n} ODEREILSPES S, {©:iES} X Clresp. D2) BT 25 OVEET
%,

B2z, 5B 3IEOMBRE L GRSt Maller (1980) 22523 D, DEFIZDOWTDIERE
BAMZTBIS.
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Decomposition Problem of Distributions Characterized
by Regular Variation

Takaaki Shimura

(The Institute of Statistical Mathematics)

This paper deals with a decomposition problem for some classes of distributions. Let
D be a given class of distributions on R'. After showing that the class D is closed under
convolutibn, our purpose is to give an answer to the inverse problem : if the convolution
of two distributions 1 and g belongs to D, then do 4 and w. belong to D ? In this paper,
the class D is characterized by regular variation and related to several limit theorems for
iid. sequence. For example, the domain of attraction of Gaussian distribution (denoted

by D,) is identical with the class of distributions whose truncated variances -/I-t |

slowly varying (s.v., for short). In this case, there exist two distributions 1 and g such
that neither u: nor u belongs to D. but the convolution of x and g belongs to D.. The
proof depends on the fact that there is a non-decreasing s.v. function that is represented as
the sum of positive non-decreasing functions that are not s.v. We also investigate the
class D(a) of distributions on [0, o) with regularly varying (r.v.) tails with index —« for

<xt2p(dz‘) are

@=>0 and also the class C of distributions on [0, o) with s.v. truncated means /u - tu(dt).

Since the decomposition for the classes of the corresponding functions is essential in
solving the decomposition problem for the classes of distributions, we study it in detail.
We say that a non-negative non-decreasing (resp. non-increasing) f is decomposed into f;
and £, if both 1 and /2 are non-negative non-decreasing (resp. non-increasing) and f=/
+ /2. In this case f1 and f» are said to be components of /. We are interested in knowing
whether components of a r.v. function are r.v. or not. There are non-decreasing s.v.
functions such that all their positive components are s.v. However, if f is a non-increas-
ing s.v. function converging to 0 or a monotone r.v. function with non-zero index, then f
always has positive components that are not r.v. and also f can be written as the sum of
such components. Further, we study properties of the components of f. Especially, the
property of the components that is not r.v. differs between zero index case (s.v. case) and
non-zero index case.

By the results on the decomposition of r.v. functions, we can construct two distribu-
tions 4 and s such that neither 4 nor z belongs to Uo<s<eD{(8) but the convolution
* 15 belongs to D{(a). For D:and C, in addition, we will give a sufficient condition for a
distribution in D, and C to have the property that all non-trivial factors of it belong to
them. The situation of D(a) (¢>0) is exceedingly different from the cases of D,, C and
D(0), owing to the difference between the decomposition of monotone r.v. functions with
non-zero index and that of monotone s.v. functions.

Key words: Regularly varying function, slowly varying function, decomposition of distributions,
domain of attraction. '



