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Asymptotic properties of density function of extremes
from mixed fisher distribution

WEI Jie, ZENG Ping
(School of Information Engineering, Guizhou University of Traditional Chinese Medicine, Guiyang 550025, China)

Abstract: In this paper, let F(x) = Zp;\,F;\, (x) denote the distribution function of mixed
k=1

Fisher distribution. By the exact expansion of its distributional tail representation, we
derived the extreme value distribution types F&€ D, (®, ,) and F&€D,(®,) under linear and
power normalization. Based on the asymptotic expansion of the extreme value distribution of
mixed Fisher distribution, we deduced its the higher-order asymptotic expansion of the
convergence of the extreme value density function under two different conditions of linear
and power normalization, and obtained the conclusion that the maximum density of mixed
Fisher distribution converges to the Fréchet extreme value distribution density.

Keywords: finite mixture; Fisher distribution; asymptotic expansion; density function;

extreme value

H AR T 18— L g = FROR AR B SRAR /N B — B A4 25 7 J S i N 220G . HE B MU B
SR, PRI BU ) TR F M s 7 S A BRI 2 2 38 (TR T O e e vy o S 1) R, AW (B PO 2 — b i ik
FIE TSR F ST 1) J7 1% Fisher S50 B M T 72 SR AT A5 4 T 0 (5 43 A 4730 B0 11 e {1 288 7Y
FEFR, Gnedenko™ XM AE A 5 BEAEAT T P4 E B WRAE AN 8 BREE RE 1 XA it 5 ) BFF 9 e el A9
FRBAAT B 1P A R AR AR S35 | 3 AR AE 53 A1 Jre T RS Skt i 1) R A {8 B 3 A R A 5 1Y)
s B HA - 2022-09-12

E&W B BFRARFFIES R H (81860695) ; 5 M4 2 & FR# LRI RS BhIi H (2015B195)
EEBN:F Q979 B, m ML RN, MNP EZRKFRIZIZ, E-mail: spsslab@163. com.




55 2 3] FON G ARG B R A (B P e A i 5 15

PSR, BT T — RINEA M RGERFFE ST LERRAE 5370 W58 JE b 5 1% 13 oR BRI 7 11 i
FE RSO R R B 78 25 SR AR . Peng 28 EE AT T MRV 2 1F T R4 1 2 5 R AW L 6 1 Wi 8403k
J&. Peng 5 X I ¢ 43 A BIAARLYE BUHEA T 9, 257 1 R A o R AL Ay AE 30 280 188 AR 90 o 501 v B e
FFR. Liao S50 #3714 37 [6] 434 1) Ut 1 25 BEALF 51 76 e D R A0 3 500 S5 KB R e /MBI 7 40 A K
2% I PR v B R X, Xiong 28 ST T i 1E 25 Bl AL 90 WAL T 0 A1 pRI BRI B R 43 A o ST T
A3 A PR R BT SR I, T BNRBIGE E. Zou FENHESE T T SCIR S 41 A FEAS TR FL YAk W 8T AR
%E’J e B R T RN — S5 A S5

WAT, .n=1) s HATRRIE G 28 /R A BEHLAE 5751, 2 M, = max (T, } FRos AT, .n=1) BYHB

1<<k<n

AR A PRIR A T IR A gh F (o) = 2 poFy (o) B, Sk 1438 5 A FRIR & 25 75 /K
H

A B EB A S RS A R S T iR 4% #FE’J*&{E/ PR AF BN ARG SN FED (@, ) HM
WAL ECH

7

2 2 "

2
1

=2 T(p Cojo )Mo vmy 1, (D
WA T FGD,,(GDl),,\ SR N
2 2 P P mi+o
= = ) ) # 2
a, :2 T (p1 my . U]) 1’01 Ty 1, B, =—. 2
U1

TEL] @%ﬁtﬁi SR8 XM, MR RN ¢, () =na,F" ' (a,2) f(a,x) % AL (g, D) 123
x) =g, (&) =@, (). R T 8 XM, (RER% R R
h,(x) = na,B,x" ' F"(a, |z [P sign(z)) f(a, | x|Psign(z)),
B AL Ch, @ sx)=h, (2)—@{(2). 2§ n—>colf fEBISCIRL 15 il 2. 5 ol LIRS AL (g, DL o sa)—>
0 1AL (hy @) 52000,

WICHEAT FRIR G 2 A IR 43 A BAEL A3 A v=a Wil e S 9 Sty RIS L5 1 A BRIR & 9% A /R 43
AR 25 BRI 1 B, 4 S T A BRI 5 2 2R A W (1285 B DT A s ST T TE SRR TR
WY PR AP AS [R) KGR BOR AT T A BRI 2 A 2% 23 A1 KL A B (%85 B o 50 vy il Je =, 9
P32 1 e B s e T SR A 1 M 8 A PRI & 2 A 7Rk oA B (B 2% B R St R ) T 4 5 S

1 FEHig

EIE 1 XTEM AL (g, @ o sa) A FAL TR a, W (D 2 n—>oolf

. 1
(D Y 0<v,<<2,v,=2v,2 01=min{1l,— (vs—0v,) 0,

1
2 **‘Ulsﬁ

2

aiy (a; AL (g, @ n5a) —gbl(x)@/vl 2 (@) = 01 (@)D, p(x) s
;H\:E'j:sbl <I):J3_E317U1 +plcml.vlv17]nlll 1 (21‘7) - X o )-
(D %/[ O<U1<1,2‘U1<'U3<3'Ul ﬁ 1<‘U1<272‘U1<'U3<‘U1+2’ﬁ ‘01<‘T):]57E517l;;

my+
@ %/[O<'U|<19‘U3>3'U]’ﬁ {01 (I):J77E3]3‘l‘7v1 +[)] “my e 1UT1mT 17

30 10 s ]
4E31‘7Tl +E;x *)+piCl, o o1 tmy 0 (A *gxiTl —5—? x )+ E2 TRy
“1

@ %/[ 1<‘U1<27‘U3>7}1+2,ﬁ pl(x):Jl—Ell.*?*l.

7]31‘71/1 J—

. 1 1
(II) %/IO<‘U1<23‘U2>2‘U19/7"\82:H]1H 1,?(7}2_’01)77)1 7??)1’%‘

vy
aiz (a,,z Afz (gn 9@/ vy /2 ,1‘) — 4’[12 (I)QD/vl/z (x)) — 02 (l’)@/vl/g (x) ’

:’H‘:EF‘:¢2(I):plcml,ylUrlnl] (21”771*1«7’“1>.



16 TR FAR L RBERD 18

| 10 1
D 4 0<v,<<1,v,=3v1,H p> (1‘):pfc,2,,l,v] o imy T (A _€1771 +?

x )

@ ‘i/[ O<‘U1<1a2‘01<'l)2<3‘01 ﬁ 1<U1<2,2U1<'U2<‘U1+29ﬁ ‘OZ(I):JgiEg.Ti%Z;
@ ‘i/[ 1<‘01<2a‘02>‘01+27ﬁ (02(1'):]17E117%71.

.1
(D Y4 v, =2,v,=4,% 8g:m1n{5(v3*2),2}—1,ﬁ

a’ (a,AL (g, ,@/v] j23x) — (3 (I)(P/‘Ul/z (x)) = ps (x)@/vl/g (x),
- 1
2

(x'——a .

2

/H\:EF':sbs(I):J1JF]3_(E1+E3)$72+P1le.vlmf
O U1 =20, =4,40,;<6,H Pa(x)zjstsxi%a;
@ %/l "01:29“022497)3269ﬁ 103(1):]2+J4 +]7_(J1E1+]1E3+]3E1+]3E3>172_(E2+

my+o

) 1 1 1t 1 1 ) .
E,4)173+(§Ef+EE§JrElEg)IﬂerlC,,,l,l,lmf 2 (]6*5]1172**]31‘72*2E1173*2E31‘73+

2
iE I*4+lE I*4)+p2(‘2 Tn*(ml+v1)(I*Z_EI*3+i1,74>
2 14 2 3 1 < my vy 1 - 6 8 .
.1
(OV) Y v, =2,0v,>4,% &me{?(vz*Z),Z}*l,ﬁ
ain(a, AL (g, @, n3x) — ¢ (@)D, o (2)) = (D, (25
my +ov 1
/H\':P:904(1‘):]1—E11‘72+plc,,,],vlmf E 1(171—?1772).
@ ‘i/[ Ul:294<‘l}2<67ﬁ P/1(‘1'):]37E31'772;
, 1, |
@ %’[ U1:27U2>67ﬁ P4(I):]2*]1E1172*E2173+5Ef174*Plcml.vlmf 12 1 (?J1I72+
ZE I*%_iE x74)_p2C2 m*(ml“r"u])(EI*S_I*Z_iI*ﬁl)
1 2 1 1% my 0 1 6 8 ; .
s o Als 1 1
(V) él ’U1>2a’02_"01+295‘ 05 =min 29?(7]3_’01)95’01 *17ﬁ

a?ﬁ (a”Aﬁ, (gn 9@2,]/2 ;I) - ()[15 (17)@/1,1/2 (1’)) — Os (1’)@;]’/2 (1) ’

Hofteg (O =T+ —(E +EDx 7,

my to v
@ ‘i/[ 2<‘U1<4,‘U2:‘Ul+2,‘y3>2v1 ’ﬁAlO5 (x):plclrll-‘v1v1717n17 ]2 I (2177] —x Y );
@ %,l U1>4s”02:‘v1+27”03>"01+49ﬁ

‘OS(I) =J.+J.+J:— U Ev+ T Es +TGE, +J3E3)1‘7%71 —
. 1 1.
(E: +EDa 4 (GEf+ 5B+ EEDa ™%
@ i,l 2<“01<49“02:U1+29v1+2<7}3<2v1 ﬁ7)124,7)227}1+2’v1+2<v3<v1+47ﬁ

{05(1):]5*E51‘773.
) 1 1
(VD Y4 v,>2,0,>v,+2,% & =min 2,5(712—7;1),?7;1 —1.5

a’ (a,Al (g, ,QD/.(,I,,? sx) — s (1)@;1/2 (x)) = ps (I)@’vl/g (),
;H;¢:¢6(I)2117E117%71.
my o v
D Y 2<<o,<4,v,220,, 8 ps () =p1C, o 01 'my = (23@77] —x )

@ %,[ 2<“U1<47“U1+2<“Ug<2"01 ﬁ U1>4,U1+2<7)2<U1+4,ﬁ PG (I):Jgingi%;



52 FON G ARG B R A (B P e A i 5 17

v v
1

1
@ %/[ 7)1249’0227}1‘#49%‘ (06 (‘1'):_]2__]11?1.1‘77171_5:21777 2+?E%Iivliz.

. . 1 1
(VII) %/[ O<7}1<Uz <m1n {7}1+292‘01} 9/7"\ 87 — min 1,?‘01 3(1)2*‘1)1)9?('1137‘1)1) _E
'U1)9ﬁ

("Uz_

a% (a3 AL (g, @, psa) — i (@)D, o (2)) > pr (DD, o (2 s

Hrp.g,(x)=J;,—E;x 2.

3 mqy+ov v
DYy O<U1<29?U1<U2<27}1 yu3 =201 s 8 p7(1‘):p1le,vlvflm1’ v (217771 —x Y1)

3 . .
@4 O<v1<2,v1<v2<§v1 v =201 BY v, =220 <vs<<v; + 1,05 =0 2,8 0o, <2, 0,

1 . 1
‘Z}zgg(?)l_’_‘vg) 7‘U3<2‘Ul ﬂ 7)1>2,7)1<‘Z)2<E(U1+‘U3) ,‘02<U3<‘U1+2’ﬁ

vy 1
1% (I) :]7 *Egjgfi7 +EE§1'7U2 H

v

@ %,[ 'U1>29'U1+1<'U2<‘U1+2"Z)3>'U]_’_Zyﬁ {07(‘1”):]17E]1777171;

1 . 1
@ %/[ U1>2’E(U1+’Z}3)<7}2<7]1 +27‘U2<U3<7)1 +2 E& 0<7}1<275(‘Z]1 +'Z)3)<‘U2 <2‘Z)1 y‘Uz<

woleg

U3<2‘U1 sﬁ P17 (‘T):]57E3177
FIE2 XTEXMAL G, @ 520) AL FE R o, FB, R (23,2 n—>colif, 7

. 1 1
(I) ¥l0<v1<2,v2:2v1,/&\51:m1n 1,?(‘1)37‘01)97)1 _Evl,ﬁ

2
af (a,l AL (h, @ 50) — P ()P (2)) = ()P ()
my+o
/H\:EP:&1(I):.]S_E\?f/72+plcml.vl"017177’117 12 1(2.1‘7]_172).
@ %,[ O<"(J]<172"(J]<'Z)3<3'U1 ﬁ 1<“U]<272"U1<'U3<'U1 +21ﬁ‘51 (1)2]57E5.1’7:%;

my+og

@ %/l O<U1<1 9U3>37}1 aﬁ ‘51(I):J7_Es]13172+P1C;n1,vlvflmf 2 (216_]3172_
. 10 1 1
4E31‘73+E3174)—Q—j)?c,znl,q,lUTZmT<”"1+'L'1)(4172*§173+Exﬂ)—Q—EE%x*’l;

2

@ %,[ 1<'U]<27'U3>'U1+29ﬁﬁ1(1‘):]]7E11'7i71.

. 1 1
(II) ¥[0<v1<2,v2>2"u1,/&\32:m1n 1,?(‘1}27'01)9‘01 _?"Ul?ﬁ

"
ad (al AL (h, @ 50) — o (DD (1)) = o ()P, () s
my+ov
/E\:EF‘:&2(-T):P1Cmmqvlﬂmf 12 1(21‘7]71‘72).
10 1

D Y 0<v,<l,v,>=3v,. 8 ﬁz(x):pfc,%,l,.l,l vy tmy O '”1)(4172*3173—0—5174);

<
[N

@ %,[ O<’U]<1 72“01<'U2<3'01 ﬁ 1<’U]<272“U1<'U2<'U1 +29ﬁﬁ2(1‘):]371€317"<

2

@ %,[ 1<U1<27U2>U1+2,ﬁ[52(1):J1*Elxi”iil.

H

!
(III) %/I V1 :27“02:47/7“\ 6‘3:m1n{?(‘v3*2),2} —1 7@

al (@, AL (hy s @y 320) — s (D)D) (1)) = 3 ()P (1) s

! 1
;H\:EP:;Lg (I):]]_'_]g*(E] +E3>I72+]J]le,vlmrT (171*5172).



18 TR FAR L RBERD 18

D Y v=2,v,=4,4<v; <6, ,(N):a(I):Ja_E517% 3
@ %/l ‘01:27‘02:47‘0326aﬁ(53(1‘):.]2+.]4 +J: = Ex+JEs+J:E +HTEDx 2_(E2+
. 1 1 m 1 1
E1)Iis+(5E%+EE§ _'_ElEjg).l'il1 ‘|—p1C,n1,vlme (]6f5]1172*513x72*2E11'73*2E31'73+

1 1 5 1
EE1174 +?E31‘74 )+ piCh o my T (2 —3173 +§174 ).

(IV) v, :2,v2>4,64:min{%(v2*2) ,2} —1, 5

afi (a, AL (hy s @y 520) — Py ()@ (1)) = p, ()P () s

my+og 1
/EZEP:%(x):]1*E|x*2+[)1cml.ulmf 2 (171*51"72)-

vy

@ %,l U1:294<U2<67ﬁ,54(‘T):]3*E3177;

my+

| a1 )
@ %01 =2.0:26.4 pu () =] —J1Ersa "t —Esa b Ela ™ = piCopymi 7 Cplia

., 1 5 . 1
2E, 2 ——FEx 4)—pfc,2,,],vlm1(’”1“1)(?1‘ f—x 2—§x .

2
N 74 — A — : 1 1
(V) Y v, >2,0,=v,+2,% 8 =min 2,5("03*111),?"01 —1, 8
a% (a, AL (hy, @' 520) — P ()P (1)) 9(55(1‘)@/1 (),

-

Hep. g, (o)=J,+],—(E, +EDx =

mq+o
@ Y 2<o1 <4, v:=0v11+2,v:=22v1, A Ps () =p1C .0, v1 'my T (2 ' )
@ i’[ vl>49v2:7}]+27U3>U1+49ﬁ[55(~T):]2+]4+]77(]1E1+J1E3+.]3El+

2

J:EDz o ' —(E,+EDx o 1+(%E§+%E§+E1E3)x w
@ Y 2<v, <4, vy =0, +2,0, +2<0; <20 B v1 =40, =0, +2,0, +2<0; <o, 4.6
Psa) =] s —Esa o,
(VD % v,>2,0,>v,+2,% 6 =min 2,%@2—@1),%@1 —1.4

aiﬁ (a,,A,’f (hn 9@/1 ;I) — ,‘pﬁ (1’)@/1 (l")) — (56 (1‘)®/1 (x) .

;H;EP:aG(x):J]7E117Z7|'
my +o )
O 3 2<Co1<<4,0, 2201 A B () =p1C 01 'my 7 Q' —x )
@ %/( 2<v1<4’v1+2<v2<2v1 Ei U1>4avl+2<vz<m+4,7ﬁﬁe (I):]aiEsl'if H

@ %/[ ‘U1>49'U2>‘U1+49ﬁ{56(1)2]27]1E117%717E2177*71+EE%17ﬁ72.

(VID 4 0<<v, <<v, <<min {0, +2.20v,},4 §; =min 1,%v1,(v2—v1>,%(v3—m> —%u}z—
v1) A
@l (@Al @ sa) — Py (DD (1)) = Py ()P ()
H. 9, () =], Esx .

my o,

3 .
) ,‘i'[O<‘U1<2,Evl<‘vg<2'vl,v3>2‘vl,ﬁ@(x):pl(jml,vlvflmf T (2 D)



55 2 3] FON G ARG B R A (B P e A i 5 19

3
@ %/[ O<'U1<27‘U1<‘U2<E

V1503220, B v =20 <<vs<v; +1,v;=0; +2 8% 0o, <250, <<
(7)1+7J;)9“Ug<2’01 j'{}1>297}1<7)2\ (U1+U§)9’02<U;<7}1+2 ﬁ

57<x>:17fE313w+ Lpa,

@ %/[ v1>2,v1+1<v2<‘v1+2,v3>7}1+2,ﬁ(57 (I):Jl_El‘Ti%il;

1 . 1
@ 4 v1>2,§(‘vl+m)<vz<‘vl+2,v2<v3<'v1+2 £ O<‘U1<2,?(‘U1+'IJ3)<U2<2'IJ1 » Uy <l

0,520, s 8 [57(1):]5—E517%.
2 S[ERKIERA
313 11 % F (o) NAERIRS 24 ’K"ﬁﬁ@%’ifﬂﬁ?ﬁ@ﬁ,mﬂﬁ?ﬁ%ﬁ% >0, 4

1o
My

1—F)=2p,C, .o, vi'm;s - 7%{1+E1x71 +E,x° +E31.*%(v27v1) 4
E/lez (vy—vy)—1 + Es‘l,*%(‘vgful) —’—()(xiél ) } y

y
5

Sl—mln i('Uz 7}1)+29%(7)3_‘Ul)JF:l,%('ZML_‘Ul) ’

v1(m—2)  vilmi +vi—2)

El:rm(vleZ)i 2m, ’
E 771%(7)12 —2)(m, —4) 7“0%(7712 —2)(my +v, —2)
T mECuy +2) (v +4) 2m5 (v, +2) ’
mz‘H/,
p2cmz-v2 vglmgTz
3 = Aoy

—1 —
plcmlyvlvl my 2
)

ny oy
E p2cm) ZUZ 7712 2 ‘1}2(7’}’12*2) ‘U2(m2 —|—'Uz*2))
4 — o - ’
oMy (g +2) 2m,
p]cml.vlvl nm, 2
m3tvg
psC my 0, U3 'my 2
E;= mytop

P1Co o vi'my 7
SIE 2 W f () WABRIRG 98 A IR 3 A (AL 58 2% FE PR AR, X AL 8K @, 6 2 (1D X, X T
T RE) 2>0.4

f(a”x):plcmlml (a,,1 )7?71{1+B (a, ) '+ By(a,x) 2+
*E (a,x) 2 +B (a,x) A + E (a,,r) _'_()(an;l)}

) 1 1
Hrp .6 =min S,E(vgf‘vl)+2,?(v3*v1)+1,5(‘04*v1) ,H

B :7"01(7711—0—‘1}1)’

27’)’11

vl(ml+v1)(7n1+v1+2)

8m1

B, =

mytuy
Vs (7n2 +”U2) pzcmz,vz my 2
Bg —_ o -
2)/)12 my Ty
P1Comi T

mys 1




548 &

20 RO R (AR RO
UEEA
f(a”x)—zp Co e, () Gnane) 7 (14 ) =
ma,x
p1C, ml%(a”x)*yf;’l{l _ulm Fo) JrUl)(a,,xf1 +v1 1Gny +v1)(77211 o TL2)(a,,1,)72 +
e 2m 8mi
m;+v; Y
- p'cm Sv; 7)177 (anx)i?i . . )
E mia [1— - (n;l — (a,x) '+
T2 piCo ey my 2 (a”:c) 7 "
i i i\ i 2 - -
viGm; +v )()721 +v; + )(a,lx) O]+ 0@ =
8]’)’1,‘
myto 0 , -
pr1Cayoymi 7 (@) I Bia,a) ™ 4 By o B (@) 7+
1
B; (a”x) - Jr E (a, :r) Jr()(a,,sl)}s

Hv.n BEK.E M B,,B,.B, 15|32 4 tH %If%ﬁaﬁ
BIEE 3 & FO)M f ()5 A BRI 2 Ay IR 44 1) 20 A7 oK BRI 8 25 13 pR B, Y B0 1k

W a, W2 (D X TR >0, 4

ED(a, )+ (B, +E:—E,—E,B)(a,x)?+

n -( n ‘)
1a—ch(la11) :%Iil {1+ (B, —E,
*E,1)(a,,1)7?71 -+

(771)((1”1‘) _’_(Bg*iE E3 BlEg +2E1E3

E; (*—1)(a,,1) +O(an )7

(4!

)
5

A 1 1
& —min| 3.5 (0 =) + 205 vy —0) 1oy (o, =),

*'0191}3*7)1,'04*'111}.

i(vz +”U3)*”U17°02
WERE 513 1.2 A5k,
AR Y HEE o, W (D) KXW, S Eh,a) =

S 4 X FARIE
1+E,(aq,2) '+ E,(a,x2) 2+ E(a,x)” ’“”fll)JrE (a,x)~ 3 Coyop)— V' EsCa,x)™ 25— “')+O(a;<')
1)

14 Eia;' + Esa;? + Eqar?@ 0 4 E @07 4 Ejap 7@ 4 0ay

W T 7850 K >0, 6
+Dya,? +Dsa, ™ 4+ Dya, > 0 4 Daa, 2% +00a,%),

E(,2)=14+Da,’ *+D:
B (1= F @) =2p.Co, ormr T Rt +
2p,C.0, .l"uflmlm e (Dua 4+ Eszay? +
21C o0t T Dzt +Esx )yt +0G ),
EGa)(1— Flaye))? =

ApiCr o o1 mi T 2T a "+
1°%1
4piCr o vimi ™ PO(Dy 4 2E 12 Da a1 003, ),

)
5

) 1 1 1
53:mln{ga?(ﬂz_U1>+29?(U3_U1)+195(U4_7}1>9



55 2 3] FON G ARG B R A (B P e A i 5 21

*(Uz JFUS)_"UHYJZ_"Uls"Us_YJla?M_“Ul ’

N

1
S U1

2

5 U1V —

(‘Uz Jﬁ?)g)_i‘vl} ’

(1
&me{*‘vlJrl, vy +1.— vngl,w > 9

2 2

&s :min{vl +2,%(v2 +v),— ("U«; +v), (“Ug er),vz,m} ,
D, =E.(z'—1,
D,=E,x ?—FEiz ' +E! —E,,

Dy =E;(x 7% —1),

D, =E,x 7% 07 —E E;x %™ —E E;x +2E,E; —E,,
D; =E;(z 2@ —1),

WERR A5 B 1 el Ik
3 TEEHIEMRA

FEF 1 PRI, AR YRS B 1~4, A] LIA5 3|
a.fla,x) 1—F(a,x)
1—F(a,x) 1—F(a,)

a,x) =

a.f Ca,x)

A 2t B, {14+ (1 — Fla,a)) + (1 — Fla,x))(1+0(1)) —
1—F(a,x)

%fﬁl 14+[(B, —EDx ' +D,Ja;* +

(B, +Ei —E,—EB)x "+ B, —E)DDz ' +D;la,” + [E; (ffl)x +D ]a” —

[(B,— “E\E,—E.,B, +2E,Es —EDx —1){ S

U1

D:(B, —EDx ' +D,Ja; 7 +[E, (——1>x S D Jay T 42p,C mo, V1M 2 X Fa,
2p1C oo 01 my 2 I[1‘53(2 —Daf 4+Dyx? +Eixtlayt FApICy, o v M 2T a, "
U1

s — o R
Dng(i_l)l‘ 2 A, 27 +O(a”;6)}9
U1

1 1 1 1
/H\'flj;&;:min{&?(vz _v1)+2’?(7/;5 _‘U1)+19‘U2 U1 JFI,?(“U;; +‘Uz)+711 s U3~ U1 ,?’Ul +1’
1 1 1 1 1 1 1

7}2+17 “Uga’(/z 271197(712+7}3_7/1)9713_E°(1197(712+°U1)97(7)3+°U1)9?(7)34’7)2)9711+1 }

"FE{XW‘VE‘%L%(VD AT ST, T3] 3 AT, 2 n—colif

, b a,f(a,x) 1—F(a,x) | § & _
A,,(gm@z,l/g,x)—l_F(a”x) l—F(a )F (a,,x)F (a,,x) @UIQ(.T)

mytvy ) vy
/ P
v /Z(T){] arzl+]2an _'_] an +J4a71 2 l+]5an +2p Cm U vl 7’/11 Tz I Za”? +
1791
my
2]) Cm] lvl ml 2 Jﬁau +4[) le 1 1 mli(,)ll+yl>xizlla;vl _~_]7a;(‘02701) 7E117771a;1 -
Sa o 1 “
J1iEiz77 a0 +ws (e b 3 (401},

y
iy

J :(Bl *E1)171+D1’
]2 :(Bz _’_E%*Ez*ElBl)Iiz_’_(Bl *El)Dl‘Til +D2’



22 TR IRBRERD 18 %

“1
2 +D;,

vy

Js=E, (2 1z
U1

Ji=(B; _%EIE:% —EsB, +2EE; _E4)1‘J27171 +
1

4+ D,(B, —EDx ' +D,,

vy

DEs( —1x

U1

J.—=E.(% Dy 4D,

U1
V2 Y2 ‘1 ‘2
]6:E*(;_1)I 2 +Dyx 2 +Es;x 7,
1
Vs vyt
J:=D3;E;(— —1Dax ¢
U1

4

PLUF 43N 3 R4 AL (g, B, 052 s
v my o
D % 2<Co, <40, =201, AL (g, @0 32) =B, 1, ({1 —Eix 7 Da, ' +p1Cvi'mi 7

v/

(22 7 —z*Da; b3 Qo))
@ ‘i/[ 2<‘U1<47‘U1+2<‘02<2‘01 ﬁ 'U1>4,'U1+2<‘02<‘Ul+47ﬁ
Al (g, 7(154;1/2 ;:C):C_Zli:l/z(ar){(]1*Eljcf%l*l)(/1;1+(]3*ng*v7Z )a;mi”{zé(‘vz*”l)%} (1+o0(1))}.
@ %/l U1>4’U2>U1+4»ﬁ
Afl ((g-n ’é/vl/Z ;1) :é/vl/? (1){(]] _Ell‘i%il )a;l +

°

¢ ; 1 . . 1 U1
(_]2 _JlEl.Ti?lil _Ezl'iz z +EE{IiUI?Z)a;n‘ln{z’§<v27vl>’7} (1 +O(1))}.

aies (anAiz (gn 9®/q;1/2 ;I) - QIJ(; (I)@/vl /2 (I)) - Os (I)@{Ul/g (.T) ’

Horpr s () Fl ps () HEBE 1 PGB (VD 45, B 1 IER 52 52,
N == N~ gl G YT 2 2 V4
EH 2 WERH. % 2 >0, FE RIS T VS W EO L« =a. . B, :v—lﬁq”ﬂu%ﬁ
AP (h, @ s2) =h, () — @' () =

na,B,x TF" N a, B sign(x)) f(a, Brsign(x)) —x 2@, (x) =

2n zo £ Z _
—a,xn F ' a,x) fla,x) —x 2d, (x) =
U1

X X

2

2 2 . Z - U1z o
XY 1{na,1F” 1((]'111.11l )f(anl‘vl )_?l 1 1@111//2 (Ivl )} -
U

2 2 / l

—xo AL(g, s Dy ).

U1

FERETE 1 T o0 R o BIAT BT 2 (O4IE. T 2 JEMSE

Bigt: ou BTG K F AU AR AL LA T o & ST

SE
[1] FISHERR A, TIPPETT L H C. Limiting forms of the frequency distribution of the largest or smallest
member of a sample[ J]. Proceedings of the Cambridge Philosophical Society, 1928, 24 (2): 180-190.
[ 2] GNEDENKO B V. Sur la distribution limite du terme maximum d’ une série aléatoire[]J]. Annals of
Mathematics, 1943, 44 (3): 423-453.
[3] LUYY, PENG Z X. Maxima and minima of independent and nonidentically distributed bivariate Gaussian



FON G ARG B R A (B P e A i 5 23

L6]

[7]

(8]

L9]

[10]

[11]

[12]

[13]

[14]

triangular arrays[J]. Extremes, 2017, 20 (1) 187-198.

HU S, PENG Z X, NADARAJAH S. Tail dependence functions of the bivariate Hiisler-Reiss model[ ]].
Statistics and Probability Letters, 2022, 180 (3): 1-11.

LIAO X, PENG Z X, NADARAJAH S, et al. Rates of convergence of extremes from skew-normal samples
[J]. Statistics and Probability Letters, 2014, 84 (1) 40-47.

PENG Z X, NADARAJAH S. Convergence rate for the moments of extremes[]]. Bulletin of the Korean
Mathematical Society, 2012, 49 (3): 495-510.

T, G WA R AR i KAE S A0 B e IF [T ], PR TR =24 (A SRRI2E R0 . 2019, 33 (8):
237-242.

PENG Z X, SHUAI Y L, NADARAJAH S. On convergence of extremes under power normalization[ ] ].
Extremes, 2013, 16 (3): 285-301.

PENG Z X, LI C Q, NADARAJAH S. Extremal properties of the skew-T distribution[]]. Statistics and
Probability Letters, 2016, 112 (1) 10-19.

LIAO X, XIONG Q. WENG Z C. Joint distributional expansions of maxima and minima from skew-normal
samples[ J]. Communications in Statistics-Theory and Methods, 2020, 49 (24): 5930-5947.

XIONG Q, PENG Z X. Asymptotic expansions of powered skew-normal extremes[]J]. Statistics and
Probability Letters, 2020, 158 (2). 1-13.

ZOUY H, LU Y Y, PENG Z X. Rates of convergence of powered order statistics from general error
distribution[ ] |. Statistical Theory and Related Fields, 2023, 7 (1): 1-29.

T, Gk ARG A R AT AE A0 AT W SIGR FE LT ], PaEIm K224k (AR, 2018, 54
(6): 5-8.

TS, B PRI 551 A BRI & 9 A R A A IR 23 A i s B R T LI ). B & R 22l (RO
2020, 44 (2). 113-120.

RESNICK S 1. Extreme value, regular variation, and point processes| M ]. Berlin: Springer, 1987: 85-86.

SR RRID



