
 

Ö¿~KÀù—^SÚOþ

~. X1, ¨ ¨ ¨ , Xn �pÕá, Xi „ Exppλiq, @i.

-Y “ min
1ďiďn

Xi “: XI , µ “ λ1 ` ¨ ¨ ¨ ` λn. K

Y „ Exppµq, P pI “ iq “
λi
µ
, @i, Y, I �pÕá.

P pY ą x, I “ iq “ P px ăXi ă Xj ,@j ‰ i
:::::::::::::::

q.

P p˚˚
::
|Xi “ yq “ P pXj ą y,@j ‰ iq “

ś

j‰i e
´λjy.

‹‹ “
ş8

x λie
´λiye´pµ´λiqydy “ λi

µ ¨ e
´µx.

5: AO/, ei.i.d., KI Ñlþ!©Ù.
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~. ^SÚOþ(P167). �X “ X1, ¨ ¨ ¨ , Xn i.i.d., �Ý�ppxq.

l���üS: Xp1q ă ¨ ¨ ¨ ă Xpnq, XI1 ă ¨ ¨ ¨ ă XIn .

ξ :“ pXp1q, ¨ ¨ ¨ , Xpnqq �éÜ�Ýp̂px1, ¨ ¨ ¨ , xnq Xe:

p̂p~xq “ n! ¨ ppx1q ¨ ¨ ¨ ppxnq, x1 ă ¨ ¨ ¨ ă xn.

é¡5: ~I “ pI1, ¨ ¨ ¨ , Inq „ �ü¥�þ!©Ù.

ξ �~I �pÕá: x1 ă ¨ ¨ ¨ ă xn, 0 ă ∆xr ă xr`1 ´ xr

P
´

xr ă Xprq ď xr `∆xr,@r; ~I “ pi1, ¨ ¨ ¨ , inq
¯

“P pxr ă Xir ď xr `∆xr,@rq “
n
ź

r“1

P pxr ă X ă xr `∆xrq

“P
´

xr ă Xprq ď xr `∆xr,@r
¯

¨
1

n!
.
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 Xp1q ��Ýp1pxq: X ��©Ù¼êP�Gpxq, K

G1pxq “P pXp1q ą xq “ P pXr ą x, r “ 1, ¨ ¨ ¨ , nq “ Gpxqn

ñ pnpxq “nGpxq
n´1ppxq.

Xpnq ��Ýpnpxq: X �©Ù¼êP�F pxq, K

Fnpxq “P pXpnq ď xq “ P pXr ď x, r “ 1, ¨ ¨ ¨ , nq “ F pxqn

ñ pnpxq “nF pxq
n´1ppxq.

e�1 ă r ă n.  ¦Xprq ��Ý.
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Xprq ��Ýprpxq: Xp1q ă ¨ ¨ ¨ ă Xpnq ă Xpn`1q :“ 8,

Frpxq “
n
ÿ

s“r

P pXpsq ď x ă Xps`1qq “
n
ÿ

s“r

CsnF pxq
sp1´ F pxqqn´s,

ñ prpxq “f
1pF pxqqppxq, fpyq “

n
ÿ

s“r

Csny
sp1´ yqn´s.

f 1pyq: n!
s!pn´sq!s “

n!
ps´1q!pn´sq! “ nCs´1n´1, C

s
npn´ sq “ nCsn´1,

f 1pyq “
n
ÿ

s“r

Csnsy
s´1p1´ yqn´s ´

n´1
ÿ

s“r

Csnpn´ sqy
sp1´ yqn´s´1

“n
n´1
ÿ

s“r´1

Csn´1y
sp1´ yqn´s´1 ´ n

n´1
ÿ

s“r

Csn´1y
sp1´ yqn´s´1

“nCr´1n´1y
r´1p1´ yqn´r.

5: r “ 1 ½n �, �¤á.
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Ö¿~KÀù—4�©Ù

~. b�X1, X2, ¨ ¨ ¨ i.i.d, Mn “ max
1ďiďn

Xi.

Mn ÕM8. KM8
a.s.
“ x0 :“ suptx : F pxq ă 1u.

ex0 ă 8, KF px0q “ 1;

P pM8 ď xq ď P pMn ď xq “ F pxqn Ñ 0, @x ă x0.

�x0 “ 8. �zn Ñ8 ¦�

P pMn ď znq “ p1´Gpznqq
n Ñ c ą 0, Gpxq “ P pX ą xq.

Gpznq “
1
n ½ 9 1

n . ~,

Gpznq “
λ

n
ñ p1´Gpznqq

n “

ˆ

1´
λ

n

˙n

Ñ e´λ.
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X „ Expp1q, Gpxq “ e´x, @x ą 0.

�

zn “ ´ ln
y

n
, Gpznq “

y

n
.

K

P pMn ď ´ ln
y

n
q “ p1´

y

n
qn Ñ e´y.

x “ ´ ln y, y “ e´x: ­�ê(Gumbel)©Ù,

P pMn ´ lnn ď xq Ñ exp
 

´e´x
(

, @x.
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~(�ê½Æ). �¯�A1, ¨ ¨ ¨ , An �pÕá. P

Xi “ 1Ai , X “

n
ÿ

i“1

Xi.

Ppi “ P pAiq, λ “
řn
i“1 pi, q “ max

1ďiďn
pi. K

8
ÿ

k“0

ˇ

ˇ

ˇ

ˇ

P pX “ kq ´
λk

k!
e´λ

ˇ

ˇ

ˇ

ˇ

ď 2λq.

5: AO/, �½λ, -nÑ8, pi “ λ{n, KBpn, pq Ñ P pλq:

2λq “ 2λ2{nÑ 0.

LpXq “ LpX1q ˚ ¨ ¨ ¨ ˚ LpXnq, P pλq “ P pp1q ˚ ¨ ¨ ¨ ˚ P ppnq.
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'�Bp1, pq �P ppq �©Ù�:

dp “ |p1´ pq ´ e
´p| ` |p´ pe´p| `

ÿ

kě2

ˇ

ˇ

ˇ

ˇ

0´
pk

k!
e´p

ˇ

ˇ

ˇ

ˇ

.

ÍÜ: ½ÂW :“ fppUq „ Bp1, pq �Y :“ gppUq „ P ppq:

 

𝑊 = 0 1 − 𝑝 𝑝 

𝑝𝑒−𝑝 
𝑌 = 1  

𝑌 = 0 𝑒−𝑝 

𝑊 = 1 

𝑌 ≥ 2  

u´, dp “ 2P pW ‰ Y q. 1´ p ď e´p ñ 1´ e´p ď p, �

P pW ‰ Y q “ 1´
`

pe´p ` p1´ pq
˘

“ p´ pe´p ď p2.
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U1, ¨ ¨ ¨ , Un i.i.d. „ Up0, 1q. �Wi “ fpipUiq, Yi “ gpipUiq.

W1, ¨ ¨ ¨ ,Wn �pÕá; Y1, ¨ ¨ ¨ , Yn �pÕá:

W “

n
ÿ

i“1

Wi
d
“ X, Y “

n
ÿ

i“1

Yi „ P pλq.

P pW ‰ Y q ď
ř

i P pWi ‰ Yiq ď
ř

i p
2
i ď λq.

P pX “ kq ´ λ
k!e

´λ “ P pW “ kq ´ P pY “ kq.

“ P pW “ k,W ‰ Y q ´ P pY “ k,W ‰ Y q.

u´,

ÿ

k

|‹ ´ ‹| ď
ÿ

k

P pY “ k,W ‰ Y q `
ÿ

k

P pW “ k,W ‰ Y q

ď2P pW ‰ Y q ď 2λq.
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