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1 XLC®HIC

WNBIEM DAL, FENFRHERSAOMIG & U TR BB b Twd, EE, REFPIC

BPWTH, FIBOKREE, HELEBS2EXTHDL LTHEDLDNTWS. 72, EYRIZHWTIE, M

BOKEIDPHBERDIFITRS LI T W5,

HE, MEMEECEMEEOSTIIEWT, ¢ WV ASHAVPEEHEZED TS, Zhik, #&
WIREMET T Teallis T PO ¥—2RKICT AHRSAE UTEE X NS (Furuichi 2009; H
2002) 7217 T <, FRRI N AT ADFEEERD S HEH NS (Suyari and Tsukada 2005). Z

SDZEITEY, g IV ARHRERD A EZ —RILLZE DL REd I LB RBIND.,
KRETIE, N g AV ARHREHL, TOMEIZIODWTRRS., £, ZOmAKFELT, H
RO EBERDOEREDEE G g H IO ARG 2 Y TIED, TORBOHEEITS. 7z,
MBIEMDE 2 L TIEDIBAE L DHBEHITS.

2 WHERDHE q HV AP

Z Z T, £, Johnson, Kotz, and Balakrishnan (1994) iZft > THREEHR DA 2 3HHT 5.
log X »¥ BRI N(u, 0?) KRS L &, X IINBIERDA LN (1, 02) KRS 20D, T ORERE
FEBIE (pdf) f(x) & 2 AREEEK (cdf) F(x) 1X, ThEh

1 (log x — w)? [ _(logx—p "
ﬂn—vﬁaaam{— ~ },FQL:L ﬂom_q%—i;f), (0 < x < ),

THERLNG. 727U, O)IENO,1) D cdf &5 5.
WIZ, AR (2010), H (2002) > T, g FV AR EHT 5.

* T305-8571 ZIRE D K IEHRER 1-1-1
T 7305-8572 FIRE D K IFHKREA 1-1-1
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EBE 1. (g H™7 AN (SR 2010; Hth 2002))
pdf 12

’

1-q(x- /J)2]1/(1—q)

THBMRN % q HT AN Gy(1n,02,q) L\ D. 12U, [al,:=max{a,0} & U, ~— XK
B(a,b) = [ 1 (1 = 0)"dr (a > 0,b > 0) KA LT Z, &

g 2 s
Z, /w [1 l1-q (x—ﬂ)z]l/(l_q)d = ?IT?O-Z “ (23q—ql)’ %) (1<g<3) (1
q = — 2 - _ 1/2 _
b 3 (2202 "B(EL)  @<D
THEXSNBERLERE T 3.

g HI AR, q2BERD L THRARERAH 2R T ILNTES. fIRE1<g<3DL
FIWIEREDHERTN, g < 1 DL EWIIERBER2 I OMRNHL LS. £7-, AR (2010) 12
BWTC, g 1 2T2LERDME, qg=1+2/(n+ D) 2 T2LEEEn Dt 94, q=287F5&
Cauchy SEIZ72 5 Z E BMEfE T\ 5.

WIZ, g AIARAHED cdf 23HHT DL, UTFDEDIT45.

B 1. Py(x) 2 G4(0,1,9) Dcdf LT 5L

1 1 31-g,
2

% 1 X
Py = [ paoar =3+ ok |5 . 53722,
¢ o 2z, 2°g-1"2"3-¢

rEREDB. LU, HURBERI(x) = [T ledt ML T

2F1[a, b, C, z] =

I'c) <>T(a+nI(b+n)z"
H@H@Z& T(c+n) n!

ZBAMER L 3% (Abramowitz and Stegun 1964)

ER L Gy, 02,9) D cdf 1%

1 x- 1 1 3
Py(x)= 5+ Z#ZFI['Z_’q—l’E'
q

THEZ LN 5.
Bl 1%, W 20D g iZNT 5 G,0,1,q) D cdf KL TW5. EHSAHOMIES % Gumbel

DHETHDZ 2 LS5 T WS A (Galambos 1978), g H17 AN DMELSAEIZATD &L 512
%5,
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1 ¢=03,1,1.7,24 ¥ 3 G4(0,1,q) D cdf

W 2. X1,...,X, % Gg(0,1,9) O D iid AL T BH. Xy = maxici<nXi £ U, Py(x) %
G,0,1,9) Dcdf £§5. ZDLE, 1<g<3IZ/HLTn—oo0DEE

P ()Z(n) < x) =P (X(n) < anx) ={P (X1 < anx)}" = {Pq(anx)}n

_ Jexp {_ x(3—q)/(q—1)} (x> 0),
—G1,6-9)/(g-n(x) = {0 (x < 0)

1-q)/(3—

{ Z, (3_ q)a—q)/u-q)}( YE)

ay, = —
n \qg-— 1

ks, 2L,

LB, FARRIZ, g<lIT/LTn—o0D&E

» X(n)_me)={Pq( /(3_q)/(1_q)+bnx)}n

by

exp _(_x)(Z—q)/(l—q)} (x < 0),
—G2,0-9)/1-9(¥) = { ) { x > 0)

1/(1-¢)\ 1-2)/2-q)
po=1%a2-a(l [3-4q
"l ni1-q\2\1-¢

AR 2. Gy, Goy 1, TNEN Fréchet 5375, Weibull 7375 & U THIS T\ 5 (Galambos 1978).

L. 2L,

95,

38 XW¥qg AV RBH

ZDHiITIE, g VD ADTHEONBEBIZ L > T g WV ARHEEREL, TOMEERARS.



31 W g HIRPHGDES

B 2. MERZE X DB g T A LGy, 0%, q) KRS LIX, Z D pdf B

1/(1-q)
11 1 - g (log x — p)?
fq(x) =——-|1 —— 4L 6 W

73 —3_q ) (0 < x < 00),
q

LlieB&%\WS. 722U, [als :=max{a,0} £ U, Z, 1% (1) TEEINHD LT S,
g— 12328, 58 g HY AT IINBERDT LN(u,0?) 2B 1<qg<3DLE,
]jm0 Sq(x) =00 lim f,(x)=0
X+ xX—00

2755, I, q<1OLE, W g HYARHIERZEERFED. EB, LG,(u,02,9) DA

ex - 2=d <x<ex +0o g
PH 1-g PH 1-¢

Y75, B2 LG,0,1,q) DWW DHD pdf 2K L TW5.

08y

B2 ¢=03,1,1.7,2.4 293 LG4(0,1,q) O pdf

FEE3. 1<qg<3DrE ZLDBETHEK g HIADFD pdf \$ERL (bimodal) & 72 %. 1z,
g=2+T—(JoD)(o > 1) THNE 5. o>T, HE g I ANEOET — X ADUTIZHOD
BUZIZZDRIIERIRETH 5.

WIZ, B g I ARHD cdf %KD B.

8 3. LG4(0,1,q) D cdf Fy(x) 1%

log x l 1 2‘1
Z, 2 '2¢g-1"2"3

Fy(x) = /0 o)t = % + :Z(log >

EEES.
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3 g=03,1,1.7,24 1835 LG4(0,1,9) ® cdf

EE 4. LGy(u, 02, 9) D cdf 1%

logx —u 1 1 3 1= (logx w?
z, 2 '2g-123- o2

1
Fq(x) = 5 +

LS. W31 LGH0,1,9) D cdf WL DHPELTNS.

32 WHgHIRADHEDE—AV b
WIZ, W g HIARGORSADDE—A Y hERDB.

B4 <1133, XHBLG,0,1,9) 1RS> L X, X DEAAD D r-RE—A Y M

w

1

23—
E[X"] = oF b
[ = 1-¢g 41- ]

[\

kb, iU

oFila;z] = r(a)Z r(a =

X ETEGERIREE T H D (Abramowitz and Stegun (1964)).
ERS. ()g<1235. X W LGy(u,0%,9) KRS L &, X ODFEFEAY D r-RE—A YV M

3 1 r*3-q ,
E[X"]=e™oF |2+ —, — 2 2&
X =eboh |3+ T 7 1= ]

L5, TN EX]=E[Y] KhEhrnD. 2EL, Y =logX ~ Gy(0,1,9) T 5.
(ii))1<qg<3DEE E—AY MIFELRWV.

BEEDE—AYMDOILRE UT, g E—A Y FM23H 5 (Tsallis, Mendes, and Plastino 1998)). X

2, g AV ARHED g E— AV MERDS.



EZ 3. (Tsallis, Mendes, and Plastino 1998))
p(x) BHEREH X Dpdf £ U, g(x) % x DB LT3, 20L&, g(X) D q HRHHEIX

[ g(x){p(x)}9dx
[ {p(x)}adx
TEHINS. 727/7L, Eg[11, p(x) DTAa— 4376, THbb pdf B

{p(x)}4
[ Ap(x)Yadx

ThOIMENHFIET2HRHMEERRT. T, Ef[X" 12 X DFEAADDrik g E—A Y M EEZR.

Eqlg(X)] =

W g HIADAED g E—AY MIBUTD LSz 5.
WRES. g<1&95. XD LGy0,1,9) TS L&, XDERAVD rikg E—AY M

1 1 r*3-g¢
E X' =oF |5+ —, 2
aX] 01[2+1—q 41-¢

L5,
EEG6 ()g<12F5. XWLG,(u02,q) TR E, XDFEFAVDrikgE—A Y M

1 1 r?3-g
E [X"]=e™HF |- + —, ——20o2
X1 601[2+1—q’41—q0}

LB,
(i)l <qg<3DLE,XDEFAVDr ik g — A MIPERL AW,

33 WBgHIRDHEDE—REXTTY
DEIZ, LG,0,0%,9) DE—REAVT v EKRDS.

RE6. LG,(0,0% ) DE—FI,

1-V1+(1-9)B-g)
l-¢q

X =exp

5.

BT X P LG,0,0%,q) TRILE, XDAYT VX1 ERY,

) = Ziq

7.
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34 W g HI AP GOBEL

WIZ, KB g B ADFHDBIEL A% RD 5.
HES. g<1235. Xi,...,X, % LG,(0,1,q) B5D iid BAL T 5. Xy = maxi<icn Xi £ U,
Fy(x) % LG4(0,1,9) Dcdf £ $5. ZDLE, n—>oo b T B

X, _ A
p(LeSx

=P (X(,,) <el+ c,,x) = {Fq (eA + cnx)}n
Cn

exp {—(—x)E-D/1-D}  (x < 0),
—G2,2-q)/(1-9)(¥) = {1 { } (x > 0)

&b, 722U, A=4JB-q)/(1-q)andc, =e* —F Y1 -1/n) 9 5.

4 W g AV ZADHICE T BRILE

ZIZTIE, W gAY ARHEIZHE T B REFIZHEDWZHEE, B & Fisher [HHITHNIZDWT
RS,

X1,  Xn % LGy(p,0%,q) 5D iid AL T 5. X = (X1,X2,...,Xn), 0 = (1,02, q) £ T 5.
ZDEE, 0 OLEHAERIZ

1/(1-q)
; ]

L(6,X)= —
Zg i o?

lﬁl[ 1-¢ (logx—;z)2

+

THEZO6NS. £oT, WEAERK L6, x) 1Z

1(0,x) = -nlog Z, zn:logx + ! anlog [1 1—q(10gxi—/.t)2]
=T 7= T4 T3_4 oz
i=1 1-94 i=q4 @

k%%, 1-(1-9)/3-q) >0 DEMHTT, 0 12T 2 MEEBUL

+

2(log x; — p)

o~ Z B- q)ff2 — (1 - g)(log x; — p)*’

oL n Z 2(log x; — p1)

do? T LB go?— (1 - g)log % — P
ol n n

9 U-9B-9 U-g "
. 3 (log x; — p)*
(1-9B-9) &4 B-qo*-(1-qu*+(1-g)(2u—logx;)log x;

n

1 1 - g (logx; — py?
IS e

i=1
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&%, 7272L, digamma B y(z) = (/0z)1ogT(z) =T’(2)/T(z) £ U,

qu{w —wg(ﬁ; (1<q<3),
e

v(EL) @<
B ST, ZTNHDOREREEZ 0L LUTHLZEIZEY, § DELHER (MLE) 25852 &
WTE 5.

T 51T, NEAERBRBO 2 RIFEEEHBUIL

L
-1
+

1
2
2=9
-9

n

0%l (3 - q)o + (1 — g)(log x; — p)*
8_/12 - _22 N2 — (1 — 212
iz {3 - @02 - (1 - g)(log x; — )}
5_2l=3_2l:_22": (3 — ¢)(log x; — )
Oudo? — 90%0u i {(3- q)o? - (1 - g)logx — w2}
P _ _22": (log x; — p1) {(log x; — > — 0%}
Oudg  9qdu = {6 - @o? - (1 - g)logx; - P}
0%l Z 2(3 — q)o*(log x; — pu)* — (1 — g)(log x; — w)*
o) 2<ff"’>2 5 (022 {3 - )02 - (1 - g)log x;: — p?}’
8% P Z”: (log x; — p)* {(log x; — p)* - 0%}
90%9q ~ 99007~ &4 52 {(3- q)o? — (1 - g)(log xt — wP}
__w2-q) o 2
0> (1-¢PB-¢? * (1-9°3-¢q?
< (ogx; — ) {3 = 9)3q = 5)o — (1 - 9)(3¢ = T)(log x; - 1)’}
= {(3 ~ )02 — (1 - g)(log x; — w2}’
Z (log x; — p)*
- q)2(3 q) & 3 -q)o? - (1 - g)(log x; — p)?

(log ; — 1)’
)3 Zl" { Ty 0T }

Y75, REL, A, =04A./dq,

B, = {(1 ~gy A (1—q)4A (1 <q<3),
Tgrda* Tgrde @<

E35. s DHifFHEEEE S 5 Z & T Fisher #7512 85Z BN TX 5.

5 AB

COETIE, ET—RXIIWB g AV ARHEEZLTIED, TOBBORAKELITS. £, I
Bk, B—0O7—XITABERS A Z2 Y TIED, ZORBORLHEE 2T, RMEREHRE
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(AIC) P NIEHERYE (TIC) 2T, Mg H A40%E, WBERDPHEOLEEZITS. ZIT
13, DHEOBPRMBBITEKELRVED, 1<g<3 DHAEOAESI L LT 5.

Bl 1. HAOHST BIREDOEROEIFME T — % (MBERER 2011) #E 2 5. £ 1 ITEEPS X
S5NTWS (BALHH).

#1 F—XOKEHME
ZH n Ty GaNi/d FEHEfR 2
X 1794 75.7913 210.776 14.5181

LN(u,0%) & LG,(u, 0%, q) 24 TIEHT, MLE 2 FIWVWTREZ#E T 5. & 512, AIC & TIC
BREET MR, R21IZEZLNTWS. TOME, XN g HY ARG %2 LTI 2%
BESAFEUTIIOEGELD D AIC & TIC DIEINSIKRY, ZOGBEDONE g HY A3
DEMNUEDRZ D, T—RDCANTTLE, BEINBEOMEEFA W pdf PR 412RINT
W5,

B4 F—XDEALSFLL LN X LGy @ pdf.

1 <q<3D8a A q HoA5HERBNMEEZSD. BRI, g =1.229 D& &, pdf I¥
x =0.0124 THUMEZ LD, ZDELED cdf IF F1220(0.0124) = 1.556 x 1070 & /5. ZDfEIXIE

£2 LN(u,02) & LGy(u,02,q) ®/8T * — X OHEFEE L AIC & TIC O

WNEIES DA A g AV AR

u 4.309 4313
o? 0.0389 0.0287
q - 1.229
AIC  14731.899 14657.419

TIC 14734.168 14657.979




WIZNES L, BRI EZBHBIINIVEDEEZBIENTEBTHAS.

S Xk

[1] Abramowitz, M. and Stegun, I.A. (1964). Handbook of mathematical functions with formulas,
graphs, and mathematical tables. Dover, New York.

[2] Crow, E.L. and Shimizu, K. (1988). Lognormal distribution. Marcel Dekker, New York.

[3] David, H.A. and Nagaraja, H.N. (2005). Order statistics, third edn. Wiley, New York.

[4] Furuichi, S. (2009). On the maximum entropy principle and the minimization of the Fisher
information in Tsallis statistics. Journal of Mathematical Physics, 50: 013303.

[5] Galambos, J. (1978). The asymptotic theory of extreme order statistics. Wiley, New York.

[6] Johnson, N.L. and Kotz, S., and Balakrishnan, N. (1994). Continuous univariate distributions,
vol.1, second edn. Wiley, New York.

[7] ¥ #4&HEERE (2011). Average monthly salaries of governors, vice governors, and mayors of mu-
nicipalities in Japan (in Japanese). https://www.e-stat.go.jp/dbview?sid=0003131958.
Accessed 12 March 2018.

[8] ZEHSABARE. (2010). HHER D 7= & D EEREEFE. WEFEIE, B

[9] Suyari, H. and Tsukada, M. (2005). Law of error in Tsallis statistics. IEEE Transactions on
Information Theory: 51, 753-757.

[10] HHFBS. (2002). - EMRDARIZEET 5 %K. B EHREEFEXWGEE D: J85-D-11, 161-173.
[11] Tsallis C., Mendes, R.S., and Plastino, A.R. (1998). The role of constraints within generalized
nonextensive statistics. Physica A: 261, 534-554.

157



