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1, INTRODUO IIOii

T b e  L , i n o : . € l  m o ) . . 1  . € n  o .  , v L d - . r  r s . . J  L o  o D s  .  i o p  ,  - e  , j .  r r l t r ' r  j -
o!  of  the nlmbei of  accidents and scf ious in3idents to civ i l  a ir ,
c lat t  due io bird str ikes h a futuie i ime pexiod rvi th the sreci-
f i e d  n u o o e r  o f  a i : c r a - f t  m o v 6 n e n L s .  d " i .  - r i o u s  n a :  , e e ,  r i - C i -
& d  a s r  ( e  l o s "  o f  - i C - ,  r o  i n J  D . y  f o  o  u - a n ! . . ,  ( - '  o e s r , u c L i -
0 n  o I  a f c r a f t ,  ( d \  o a n a _ e , / l o , ' s / s h l l  L o r n  f  1 o r -  ! : 1 s n  o n -  - n  i 1 ,  ,( e )  w " 6 n 1 , s ; n " o  e n g i n a  f e i L d " " .  ( f \  f t f - ,  ( q \  : j g n . i f l c a r r  s i . . l
l o l e  e g  s h e l L . r e d  r a o o e p .  r o l - o  r v i n a . . r a  1 ,  1 r ] : p o  . \ l n g .  f n  o - j o j
s t r u c t u x s l  d a n F g e ,  ( l '  D a r " L i  J a _ ' J  ! ^ n $  r - l  o r  d ^ . l g L r o u -  f - a . . !  . s
e g  r o n p l c t e  o b s . u p i n g  o f  v i .  i o n ,  - r u l  I  i o l  l o s  o f  . J s - - r ,  o e - q r r g
lo-hel icopter blades or transnissions. The l)aper oI J,  lhoqte
(1982) contains bi ief  detai ls of  acciCenl js ind ser ious incidenrs
due to bird str ikes world lde up to and incluCing 1980.

h a t e v e r  o q y  b e  L n p  r e € s o n -  - t o r  a o o D t : n E  ,  o ' , , o . 1 i a ]  m ) o - 1 ,  n 6 v i n -
declded to accepl such a Eode1, results derived in l r t is Daper
n L l l  b e  f o L r . ' r c  a D o r o D r i a . e .  L 1  D  o c  I c ,  . -  L r . ^ .  p - r : r _ !  r  o - t  .
uinonial  . l istr ibut ion i : r  not kno,rn, and i ,he iderence:ust be ba-
s e d o n  t h e  o b s - r v - o  r : .  {  . L r i . ( r  , a ; a  . L L i  l P  . , . a i n  ( i 0 . .  l e  - o C
fl i th the known n.mbers of ai fcraft  novele.tNs, fespect ively.

0l le of the !rcb]enrs considered here is lo predict  the number ot
dccldents and serious incidents to civ i l  a ircraJt d 're to bird
str lkes dwing a future t tne p.r iod xi th the speci l isd n,.r l0ber of
&lrcraft  moveoents, knowing accidenlrs and serious inciCents iu-
f ing t ioe intervals (with the knovn nu.abers of airc:€-f t  novc:ents.
r e s p e  t i v e ' y \  i 1  ! h e  p a s L .

2, ?ROBIfl\{ STATTMNN1

lrequent ly one 1s interested in est i inat ing l rhe vai l re of a fandom
v a r l a b l  e  r e t \ e r  . 1 a n  - h a .  o f  .  . .  - . 0 . e  . r .  r  , L q  " - v  c c , . o d  " o
t h i s  i o  t o  a s t  j n a t e  r r a  . x T e c . D L : o .  o  .  r a n d o -  v F r i e o - .  \ o
paraneter) anal then to i r ident i fy" i :he var lable and i ts extectat i -
0 n :  l , e . r  t o  L s F  ' . h 6  e : r t  D a + -  '  L \  '  - i . ' .  ' a L j o n  a s  a  r " . , L  t i o
for the var iable. Ls we shal l  see belor oie is led to t ,his Droce-
d u x e  i f  o n e  a d o p t s  L n -  D o i r . L  o f  v i e x  ^ t  ! - o  a : - r  s r : o a .  o r ,  - o
t h s t  f r o D  t h l s  p o ; r . !  o f  v i c i \  L r c o i c " ^ o  p o . F s  : 1 o  n - w  p . o b l a n .
lhls however ls no loneer tru;  v;hen one implo;-rs ihe Di inciDte ot
unlfom undoninat ion ( ;ee, in thls ccnnect ion, l lcchval (19-88)).

Con6ider a Dair  X,Y of randon vaxiables having a ioint  distxibu-
l i o n  P A  f w t t h  € € e o ( D s r a - o e t e r  s p a c e ' )  - " J o n g i i g  u 6  r  l e c a n e r ,  i
f r b i l J - P "  o f  d i s t r i b u t i o n s .  I t  i s  o e s i r o o  L o  u s e  r ' a  o o s a r v e r  {
bo l redict ,  say, B(Y) l rhere g is a sone lunct lon of Y. Tf the
! 3 1 u e  x  o f  X  i s  o b s p r v e d  o n a  E a { e s  s n  p i ^ A o i  r : ! -  ^ " -  i m a L ,  ,  q a J
d(x),  and thereby lncurs a loss of rvte(:r) ,d(x)] ,  Ie shal1 assune
that the loss funct lon is nonregat ive. I t  then fol lows that tne
8x!€ctat ion o: tne loss lv i11 al  rys -x- i .  E (al t . lot€n lL mD-v o.
hf i t l te).

Ihe r isk associated with the Dredict ive est inalror (decision ru-
l " '  d ( X ' i s  o " f i n e d  L o  o c  L n e  e x D " c - - d  l o s s ,  € s  g i v " n  o y

R e ( d \  -  E 6 (  w f g ( Y ' , d ( x \ l  )  (  \

Ih8 cholce of Dreal lct ive est inator,  d(X),  should then be nade
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. , . , r - : . i : . ,  l : l i : , 1  r .  ,  r , . : l i . r i ' j , r  . l ' . j 5 r i . r l
i  r  r , .  . r ' . ;  : '  i r : i l  -  r : i  r , r ' : j  :1 . '  .  l  1r |

. a : o . . : x  : r . r .  t a a r ' . r ^ ' : ! . i  z . . i i  r . '  o f  r ! e  r i . l r f . r m l t  r ! d o ' ! l n a t ! , 1  i l ! r -

: - i T ; ; : - , '  - h . ,  r , : r ' a n : i c r  : ' : . , i .  4 :  ; r t ) , - o 5 a  t l , a t  ( d s i s = 1 , : J  . . .  )
i , .  . : \  r . , 1 . ) . s . 1 , 2 ,  . . .  e r (  t h e  . r e q ! ' a r 1 i i c s  o f  i l a J e s  p . e d i c : i 1 - e

:  - -  ,  . :  i ' :  1 l -  l l -  a r '  { ' s r s
.  : .  '  .  f t  ! ' . n  ? e ( d ' r

: i  C i i  . r : r i j i j ' s  t l r !  r e l . r t i o i . h i i

t : , , . .  ! l *  is sn ,- in i fornly undoninated predict ive declsion rule.

Frocf.  Sucnosc d* ls ' . rni folr0l .v doninated. Then there exists a
p i i t i : t l v - -  d e c i s i o n  P J .  e  d "  s u c h  t h a t  R e ( d " ) < R e ( d ' )  f o r  a l l
e e 3 ' .  ] � e t

r :  =  i : r f  l R 6 ( d ' )  -  R o ( d " ) l  >  o .

? ( r - , d ' ) - Q ( 0 " , d " ) 7 e .

3i  nu-] t  aneously,

Q ( q - . 4 " ) - q ( q " , d s ) > o '

s = ' 1 , 2 ,  , . .  '  a n a i

l i n  t Q ( q . , d " )  -  Q ( q s , d s ) l : =  0 .

Cn +- rra other hand,

Q ( q - , o " )  -  Q ( c . , d " )  =  t Q ( q s ' d ' )  -  Q ( q s ' d s ) l  -  f Q ( q s , ' l ' )

-  S ( q s , d " ) :  <  L - q ( q s , d ' )  -  Q ( c " ' d " ) l  -  e

( 2 )

( 1 1
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(r)

(? )
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Ihls contradict ion
prei l ict ive decision

Corol larv 2. '1 .1 .  l
ctr0u ls constann t

q (  q . . ,  d s ) l  <  0 .  ( 9 )

proves that d '  1s an unifonmly ' rndoninated
r u l e .

i l a y e s  p r e d i c t i e e  d e c i s i o n  r u l e , r a o s t ]  r l s k  f u L -
is an rni fo: ' rnl ly undoninaied rfeCicLive decisi-

or rule,

$u!!ose no.lr that X and Y aj.e independent and 1,nat

[ f A ( ] , d ( x , l  =  l s ( y )  -  d ( x ) l - .

C o n s i d e  

 

n e  p r o b l . m  f L r s L  f l - o m ' F  r o : r .  o f
ness. I  predict ioi  coulC reasonably be cal lcd

xe(d(x)  )  =  no(s(Y)) .

Subject to unbiasedness, ahe r isk is given Dy

r r ( ts ( r )  -  d(x) - r2)  =  varu(a(r ) )  +  vare(d(r ) ) .

OT'-ICCIDEI.ITS A IOUS ]- 'JCIDN

3 u ! , / . r ^ ( s ( Y ) )  i s  3  , { n o v ' r  f u n c  : o r .  ) - C  e .  n o  ' n  .  -  . r o  l  L  o '
l i o i d  r Y n i  ( " o r  a  o a c l  : c L l a r  e '  t n .  ' r p ' i L  I  s 1 ' a r ' l  ' _ o _  c ' l u -
c e s  t o  t n a !  o f  f i n o i n g  a n  L l o i . s e d  e s r : f l a ! '  o f  E e '  ( _  '  i i i  -  m i -
d[un var iance at e.  in a sini lar vrai /  one sees'  ' r i thout anJ res-
r r i c r i o n  ! o  u n o i s s - d  f r e d l ^ ! i o n s .  L n a '  - r .  o - y - 9  c f : e ; c t i o n  f o ,
* ( Y )  i s  r h e  s a n e  a .  r , h c  B a t ' s  < s L l & e r i o n  l - o c  d e ( g ( " ) ' .  o n c  _ i  n
i m e c t  r n a u  a s  i n  l h c  r n r  i € s e d  ' n e o r y  n '  p _ e o i c  i ! '  p . t  m a ' c
i i l l  colncide with the unbiased est imale. This ho' levcr is noi
th€ case slnce the pr ior dist t lburt ions that give .onstant r isk
! l  the tvo cas€s wi l l  usual lv be dist inct.  In fact lhe i juo proc-
Iem are rather di f ierent in that the " least favodla' le" pr ior
distr lb ' r t lon for '  the predict ion problen nu:rt  not or y lake inl ,c
account the dl f f icul ty of f lnCin6 the correct vafue of e for ta-
r lous l r ior distr ibut ions but a]:ro lhc . l l i f ioul ty of r) |edict lnir

8(Y) ,xhen e is known'

I h e  n € i n  p u - r r  o b e  o r  t h e  D _  " n -  , ' D  r  i  ' o  o o  a i  u  : f o * 0 1  L r ' -
d o n i n a r ^ d  p r F d l c - i v o  - s L : m a ' o r q  "  _  a  l u J u b - r  o l  r '  - l  I  _ o  -

l eDS.

( ' 1 0  )

vieir  of , , rnbiased-
unbiased i f

( r r )

(  1 : . 1

<t)

( 8 )

(4)

( 6 )

<7)

, ,

Consider an ornl thological  s i tuat ion i r  rvhicn accidcnts and sc-
dous incidents to civ i l  a lrcraft  due to bi fd str ikes fol fow a
binoolal  distr ' ibut ion with paraneter p. Tho sl iua' i ion is under
obseivation for tine interval wlth the knolvn nuaber n-l cf a1r-
claf t  novenenjts.  where X(n.)  of  accidents and seriors i rc ldents
ls recorded. In sone futur:c t ine intervai  Ti th the sl ]eci f ied
o - E b e c  o f  a i r  _ r a f !  o l l  €  I  l o n l .  a n  i  : - -
u o u s  i n " l d F n L s  i s  d e n o ! o .  o 3  Y 1 m .  ) .  I n - _ . r . c i f i  . r ' o  F 3 : -  r o

D r e d i c t  r n c  ! a l u e  o f  ?  - a n t o n  v a r i a b l c  Y ( ^ r - )  o b :  L : / i n e  a  r a r d  r : .
v a r i a 5 t "  X ( m ,  ,  ' h . r "  ^ ( 7 , \  a n o  " ( a 2 )  h o v  r -  D l o b a t i l : i .  l : s ' -
r ibut ions
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( : )

j  =  \ l t '  "

q  \ , a ,  . .

('r 5)

(  l 6 )

ln on the basis of ob-
t :re kth stage we knov tne
.X,-{n,,)  and xk is suff ic i -

(19)

( 20)

(21)

k

Then the r is l

and

x - - - r

( 2 4 )  l s  c o n s t

e  =  6  =  o .
I t  can be sho

q ( P  t  a ' b )  =

with
! [ ,_

a - ---:5-
_ a+b+n

Suppose that

, - ------.4.
a ' + b r -

is  the uniforr

F o r  e x a i x p f e , :
ve esir inairor (
loss funct lon

f ( x a L . l = , . : - , )  - ! t  t - ,  t l  - ' .  x =  , ,  , 1 , ! , .  t)

i I t ( - . : )  t r : p )  = " i ; 1 1 - p 1 R 2 - Y ,  i - a , 1  , ? ,  . . .  , t x 2 , ( ' t+ )

1 ,rr,r.ri-r.i.rlr.., uhich ar" .ie]),.n.l"t1t on ttle sare ( i,rnknorvn) psfane-

i  . - ; , .  ' - '=r" i ' .  i iere .v !  .o ; : r -Ldcr  t i rc  s i tu : r t ion r r 'hen a sta l is t i 'J -
: : r  r r , r i : t r r  r x . r : e m 2 t i . 3 i l I  t l r e  a 3 1 u - "  o f  I  o b s e r v i n g  X 1 ( t n - l ) '
' { : i , : . ) .  . ,  , ; : n ( 3 i l  r t  t r . e  3 t r g e s  ^ t ' 2 1  . . .  ' n '  r ' s p e c ! i v e l y '  a n d

:r__,r r  , ! : ,s  :  r r rc ' ; r ,a .  i  '  " r . i  . .u i l  o i  iosre:  a1t  tbc Dart icu lar
'  ,  1 i :  Y r  r r ' : '  a  - o '  ! L e '  l

. . , .  o a - ' :  . l u b l - .  , . l v e o ) '  [ - . - - ' _

j  i  i j  . . rn : : . I  J ,A:r  r l  ' - ) : . ; :  o f  : -11 ' : .

variables \" t i th

.  , a i  i

, .+. i r ,+ )  . r  i . r .dependent randon

i  
-  r ^ x : i " _ - , . ' r i ' r - i i ,  x .  = o , 1 ,  t ,

\*r./ i= r (r ) n*r .

; . t  . t .  ( i r . t r  j  . . .  ' l :
L l L .  i i i s t ,  i o u i l o n s

1 ( l i ( : i r r  i = i { r  )  -

Ie 1-

: i i , ,  i rart  to Dredici  :ha randon variab- le
o -  . I r , I  : . I n . : t  r L
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