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|v=RwH |QiaH OtLt w |yr=Ctav QO=v 162xtOkt 1Q_vx@ xm |r=L QO 'CU= Q=Ov=QmQ}e |UQQ@ OQwt |QDt=Q=B |=[i OwW|t ZQi |Q=t; C=ar=]t ?re= QOVQ=@ u=R}t Ovv=t |ak=w |=yxO}OB Tv=} Q=w w u}ov=}t |UQQ@ QO xS} wx@ |rta p�=Ut QDV}@ QO OUQ|t|ak=wQ}e |QDt=Q=B |=[i uOw@ Q=Ov=QmQ}e ZQi '|DavY |=yOv}=Qi QO pQDvm Q}O=kt =} O=Qi= uRw =} Ok 'u=Q=@CU= O:}kt |QDt=Q=B |=y=[i QO OQw;Q@ |xr�Ut '|Q=t; \=@vDU= QO syt p�=Ut R= |m} 'u}= Q@ =v@ "OW=@|v=tR xr�Ut u}= 'l}Uqm Q=t; QO "CU= Q=Ov=Qm |QDt=Q=B |=[i QO |@=}OQw;Q@ u; X=N Cr=L xm'p=Ft u=wvax@ "OW=@ OwHwt u; |wQ |v=Qm CQwYx@ � swrat=v QDt=Q=B OQwt QO |D=aq]= xm OyO|t |wQ"OW=@ |ivt =} C@Ft |vw}UQoQ \N ?}W s}vm|t ZQi 'xO=U |]N uw}UQoQ x@ \w@ Qt p�=Ut QO'OW=@ Q=Ov=Qm |QDt=Q=B |=[i |=Q=O � |=Q@ u}W}B `} RwD xm ZQi u}= =@ xr�Ut u}= |R}@ Q=t; QO 'u}vJty=Q Q=Ov=Qm |=yQDt=Q=B Tm =t}v}t OQw;Q@ |=xOQDUo Qw]x@ u=QoWywSB 'Q}N= |xyO wO QO "O};|t OwHwx@w QO@ x@ xv}tR u}= QO `H=Qt R= |DUQyi w G}=Dv R= |=xYqN |xOy=Wt |=Q@ "Ov=xO=O Q=Qk xHwD OQwt|=yQ=m R}v Q=Ov=Qm T=}kt QDt=Q=B Tm =t}v}t OQw;Q@ XwYNQO 'u}vJty "O}vm xaH=Qt �2003� h=W}@|v=RwH |QiaH '�1989� Qo}i w Qwvm}= '�1992� h=W}@ x@ u=wD|t xrtH R= xm CU= xOW s=Hv= |O=} RxQ=W= �1999� lO} R w uO}= u=w w �2000� '�1995� uO}= u=w '�1988� =mUwr=m '�2002� u=Q=mty w|x@vH QO "Ov=xOQm |UQQ@ x@vH wO R= =Q Q=Ov=Qm |QDt=Q=B |=[i QO OQw;Q@ |xr�Ut u=QoWywSB "OQm|=yQDt=Q=B Tm =t}v}t w |vDiQ}PB '(ML) |}=tvDUQO st}Um =t |=yQoOQw;Q@ uOQw; CUO x@ 'CUNv|x@vH QO "CU= xOw@ Q_v OQwt =OQw=v T=}kt |=]N swO u=wD =} =]N swO u=wD u=} R `@=wD CLD Q=Ov=QmQO Q=Ov=Qm |=yQDt=Q=B |a}@] QoOQw;Q@ u=wvax@ =Q |O=a |=yQoOQw;Q@ |xO} Q)@ |=yQoOQw;Q@ u=QoWywSB 'swOCUO x@ xO} Q@ |=yQoOQw;Q@ |xOQ QO =yQDt=Q=B u}= |=Q@ =Q |vDiQ}PB w Tm =t}v}t |=yQoOQw;Q@ w xDiQo Q_vxO} Q@ |]N |=yQoOQw;Q@ ẁv R= p=tQv `} RwD Q=Ov=Qm u}ov=}t QDt=Q=B ML QoOQw;Q@ 'p=Ft |=Q@ "Ov=xOQw;QO 'u}ov=}t QDt=Q=B |=Q@ pwkat |=yQoOQw;Q@ R= xOQ l} '=y`} RwD R= |}=tv |xO=wv=N QO 'u}vJty "CU==v@ "Ov};|t CUO x@ �|OL R}@ =}� |R}@ |=yQoOQw;Q@ R= xm OvDUy |]N |=yQoOQw;Q@ 'xO} Q@ Q}e p�=Ut|=Q@ =Q q=@ |=yQoOQw;Q@ |xO} Q@ ẁv xm OUQ|t Q_v x@ |a}@] 'OW=@ Q=Ov=Qm QDt=Q=B xm |DQwY QO 'u}= Q@"s} Q}o@ Q_v QO =yQDt=Q=B u}= OQw;Q@xm u}= OwHw =@ xmCU= u}= 'OwW|t xOy=Wt xO} Q@ |=yQoOQw;Q@ |xQ=@ QO =yxr=kt QDV}@ QO xm|aw[wt|=yQoOQw;Q@ uOw@v xDi=}s}taD p}rOx@ =yQoOQw;Q@ u}= OwN =t= OvWN@|t Ow@y@ =Q xO} Q@ Q}e |=yQoOQw;Q@ =yu;w=W '=t=o =} |}=tv |=y`} RwD Q=Ov=Qm u}}=B R= T=}kt QDt=Q=B OQw;Q@ QO 'p=Ft |=Q@ "OvDUy |vDiQ}PB=v '|R}@|]N |=yQoOQw;Q@ R= |=xOQ �1994 b, c� lO} R w uO}= u=w w �1995� uO}= u=w '�1996� utQO=QDU= wc
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|v=RwH |QiaH OtLt w |yr=Ctav QO=v 164"OvDUy �1� pOt x@ jraDtw T (X) = Pmi=1Xi '� = m '� = � = @ Exponential(�) :|}=tv `} RwD �;"c(x;m) = 1T (X) =Pmi=1Xi '� = m� '� = � 'swrat |� =@ Gamma(�; �) :=t=o `} RwD �?"c(x;m) = �mi=1 x��1i�(�) ww T (X) = 12 Pmi=1X2i '� = m2 '� = �2 =@ N(0; �2) :p=tQv `} RwD �A"c(x;m) = (2�)�m2w T (X) = Pmi=1X�i '� = m '� = �� 'swrat |� =@ WE(�; �) :p@}=w `} RwD �C"c(x;m) = �m�mi=1x��1iw T (X) = 12 Pmi=1 1Xi '� = m2 '� = 1� =@ IG(1; �) :uwQ=w |Uw=o `} RwD �E"c(x;m) = (�mi=12�x3i )� 12'� = �k 'swrat |k =@ Generalized Laplace(�; k) :xDi=} s}taD TqBq `} RwD �G"c(x;m) = n k2�( 1k )om w T (X) =Pmi=1 jXijk '� = mk'� = 1� 'swrat |� w p =@Generalized Gamma(�; p; �) :xDi=} s}taD |=t=o `} RwD �I"c(x;m) = n j�j�( p� )om (�mi=1xi)p�1 w T (X) =Pmi=1X�i '� = mp�Q} R QO "CU= � |=Q@ �UMVUE� ?} Q==v QoOQw;Q@ u} QDy@ T (X)� '�1� pOt |=y`} RwD |xO=wv=N QO:=OQw=v T=}kt |=]N swO u=wD u=} R `@=D CLD xm s}yO|t u=Wv(2) L(�; �) = ��� � 1�2 ;QoOQw;Q@ u} QDy@ R}v w � > 0 QDt=Q=B |=Q@ |vDiQ}PB w Tm =t}v}t QoOQw;Q@ l} '�m(X) = T (X)�+1 QoOQw;Q@"CU= |vDiQ}PB=v QoOQw;Q@ l} ?} Q==vl} �m(X) = T (X)�+1 QoOQw;Q@ '�2� u=} R `@=D CLD w �1� pOt |=y`} RwD |xO=wv=N QO 1 |x}[k"CU= � > 0 QDt=Q=B |=Q@ Tm =t}v}t QoOQw;Q@c
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165 Q=Ov=Qm u}}=B R= |QDt=Q=B |=[i QO T=}kt QDt=Q=B R= |v=wD |xO} Q@ |]N Tm =t}v}t QoOQw;Q@xm OwW|t C=@F= |DL=Qx@ "u=yQ@(3) R(�; �m) = E fL(�; �m(X))g = 1� + 1 :xm OwW|t j}kLD |oO=Ux@ � |=Q@ Gamma(
; 1g ) u}W}B `} RwD ?=NDv= w � = 1� h} QaD =@ p=L:R= CU= CQ=@a �2� u=} R `@=D CLD w u}W}B `} RwD u}= CLD � QDt=Q=B |R}@ QoOQw;Q@�B(X) = T (X) + g� + 
 + 1 ; :R= CU= CQ=@a u; |R}@ |xQ]=Nt xmr(�; �B) = E fR(�; �B)g = � + (
 + 1)2 + 2g2
(
 + 1) + g3
(
 + 1)(� + 
 + 1)2 ::s} Q=O �3� x@ xHwD =@ xH}Dv QOlim
!0 r(�; �B) = 1� + 1 = R(�; �m) = sup�>0R(�; �m):� |=Q@ �m(X) QoOQw;Q@ �1998� qUm w ut|r �|OL |R}@ VwQ� 12 1 5 |x}[k j@] 'u}= Q@ =v@"CU= Tm =t}v}t| ] N |= yQ oOQw;Q @ '�2� u= } R ` @= D C L D w �1� pO t |= y` } Rw D |xO=w v= N QO 2 |x}[k:OW=@ Q=QkQ@ Q} R \}=QW R= |m} Qo = \ki w Qo = OvDUy |vDiQ}PB �(X) = aT (X) + b=} 0 6 a 6 1�+1 ; b > 0 �;a = 1�+1 ; b = 0 �?:CWwv Q} R CQwYx@ u=wD|t =Q �1� pOt |=y`} RwD |xO=wv=N "u=yQ@f(x; �) = c(x;m)(��)� expf�T (x)g;QoOQw;Q@ '�1958� u}rQ=m VwQ R= xO=iDU= =@ "CU= �(�) = (��)� w � = � 1� < 0 u; QO xm��;
(X) = 11+ � � T� + 
�1+ �|=yp=QoDv= Qo = CU= |vDiQ}PB E�(T� ) = � |=Q@Z �C�1 exp (�
��)(��)���d� = b Z 1C exp (
��)����d�144 c
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|v=RwH |QiaH OtLt w |yr=Ctav QO=v 166wZ C0 exp (
��)����d�;OW=@ 
� > 0 =} �� 6 1 '
 = 0 xm CU=Qo =w |DQwY QO p=QoDv= u}rw= "OvW=@ =Qo =w u=tRty wO Qy|DQwY QO ��;
(X) QoOQw;Q@ '\}=QW u}= j}irD =@ "OW=@ �� > 1 xm CU=Qo =w |v=tR swO p=QoDv= wxm CU= |vDiQ}PB=} � = 1� ; 
 = 0 �;� > 1� ; 
 > 0 �?� |=Q@ |DQwY QO �(X) = aT (X) + b QoOQw;Q@ x=ou; 'b = 
�1+� w a = 1(1+�)� s}yO Q=Qk Qo =xm CU= |vDiQ}PB=} a = 1�+1 ; b = 0 �;0 < a 6 1�+1 ; b > 0 �?QO xm CU= |QoOQw;Q@ xv=o} =Q} R CU= |vDiQ}PB �(X) = b QoOQw;Q@ b > 0 w a = 0 |=Q@ 'u}vJtyw �;� |x}L=v R= GQ=N QO �(X) QoOQw;Q@ uOw@ |vDiQ}PB=v C=@F= "CU= QiY |xQ]=Nt |=Q=O � = b"O};|t CUO x@ |DL=Qx@ �?�l} �m(X) = T (X)�+1 QoOQw;Q@ '�2� u=} R `@=D CLD w �1� pOt |=y`} RwD |xO=wv=N QO 1 |xH}Dv"CU= 1�+1 'QoOQw;Q@ u}= Tm =t}v}t |xQ]=Nt Q=Okt w CU= � |=Q@ |vDiQ}PB w Tm =t}v}t QoOQw;Q@=Q a > 0 \QW =@ � > a C}OwOLt |va} 'OW=@ Q=Ov=Qm u}}=B R= |QDt=Q=B |=[i O}vm ZQi p=L|=Q@ 'OvO=O u=Wv �2002� u=Q=mty w |v=RwH |QiaH "s}vm p=ta= �1� pOt |=y`} RwD |xO=wv=N QOOQw;Q@ '�2� u=} R `@=D CLD w �1� pOt |=y`} RwD |xO=wv=N(4) �(x) = ��(T (x)) = T (x)� + 1 8><>:1+ �T (x)a ��+1 exp��T (x)a �R T (x)a0 u�+1 exp (�u) du 9>=>;|xQ]=Nt Q=Okt 'u}= Q@ xwqa "CU= � = �r |=Q@ |vDiQ}PB w Tm =t}v}t OQw;Q@ l} 'OW=@ � > a |Dkw"O};|t CUO x@ � !1 =} � = a |=R=x@ Q=Okt u}= w CU= 1�+1 Q@=Q@ Tm =t}v}t|xO=wv=N QO � > a \QW =@ � |xO} Q@ |]N Tm =t}v}t QoOQw;Q@ xm O=O s}y=wN u=Wv Oa@ VN@ QO:R= CU= CQ=@a �1� pOt |=y`} RwD(5) � 1�+1 (X) = max�a; T (X)� + 1� ;c
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167 Q=Ov=Qm u}}=B R= |QDt=Q=B |=[i QO T=}kt QDt=Q=B R= |v=wD |xO} Q@ |]N Tm =t}v}t QoOQw;Q@"OQm s}y=wN xU}=kt �4� |vDiQ}PB w Tm =t}v}t QoOQw;Q@ =@ =Q u; QN; VN@ QO xm|]N |=yQoOQw;Q@ |xOQ QO |vDiQ}PB w Tm =t}v}t QoOQw;Q@ 3xO} Q@� QDt=Q=B OQw;Q@ |=Q@ "OW=@ �1� pmW x@ s-=wD |r=oJ |=Q=O X = (X1; X2; : : : ; Xm) O}vm ZQiT=}kt |=]N swO u=wD u=} R `@=D CLD w �CU= C@Ft w swrat |Q=Okt a xm � � > a C}OwOLt CLD:O} Q}o@ Q_v QO =Q Q} R |xO} Q@ |]N |=yQoOQw;Q@ |xOQ '�2� |=OQw=v(6) C = f�sj�s(x) = max fa; sT (x)g ; a > 0; s > 0g ;R= T=}kt QDt=Q=B OQw;Q@ |=Q@ xOQ u}= R= ?}DQDx@ �1995� uO}= u=w w �1994 a, b, c� lO} R w uO}= u=wu=wD u=} R `@=D |Q}o Q=mx@ =@ =yu; "OvOQm xO=iDU= swrat pmW QDt=Q=B =@ =t=o `} RwD w F `} RwD Q=Ov=Qm u}}=B"OvOQw; CUO x@ =Q xOQ u}= QO =yQoOQw;Q@ X=wN R= |O=OaD '=OQw=v T=}kt |=]N swOxm s}yO|t u=Wv w s} Qw;|t CUO x@ �1� |=y`} RwD |xO=wv=N |=Q@ x@=Wt |Y=wN =t xr=kt u}= QO"OQ=O OwHw C |xOQ QO Tm =t}v}t QoOQw;Q@ l} ,=k}kO '� > a OQw;Q@ |=Q@QO xm O=O u=Wv u=wD|t '�1994� uO}= u=w w T=Q=J w �23 4 |x}[k� �1986� uw=Q@ G}=Dv s}taD =@|vDiQ}PB=v � > a OQw;Q@ |=Q@ C |xOQ QO �s |=yQoOQw;Q@ �2� u=} R `@=D CLD w �1� |=y`} RwD |xO=wv=N"OvDUyswrat pmW QDt=Q=B =@ =t=o `} RwD w |}=tv `} RwD QO � > a QDt=Q=B OQw;Q@ |=Q@ �1996� utQO=QDU= w w=W:OvDiQo Q_v QO =Q CU= C R= |=xOQQ} R xm 'Q} R |xO} Q@ |=yQoOQw;Q@ |xOQ '=]N swO u=wD u=} R `@=D CLD w(7)C1 = ��s;uj�s;u(x) = max fa; sT (x) + u g ; 0 < s 6 1� + 1 ; 0 6 u 6 a� :x@re =yu; Q@ xm |}=yQoOQw;Q@ u}vJty "OvDUy |vDiQ}PB=v xOQ u}= uwQO |=yQoOQw;Q@ xm OvO=O u=Wv =yu;|x}[k QO �0 w b 'a '� 'X |=Hx@ ?}DQDx@ a w u 's '� 'T (X) |v} Ro}=H =@ "OvOQm |iQat =Q OvQ=Ou=} R `@=D CLD w �1� |=y`} RwD |xO=wv=N |=Q@ =Q Q} R |x}[k u=wD|t �1996� utQO=QDU= w w=W 1 4"OQm C=@F= |DL=Qx@ �2� |=OQw=v T=}kt |=]N swO u=wD142 c
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|v=RwH |QiaH OtLt w |yr=Ctav QO=v 168Qo = '�2� u=} R `@=D CLD w �1� |=y`} RwD |xO=wv=N QO 3 |x}[k(8) �1(T ) = �1(X) = �s;u(X) + kG(T )I[A;Ad](T )xmu; \QWx@ OQ=O x@re �s;u Q@ �1 x=ou; 'CU= C@=F K}LY OOa l} d > 1 w �s;u 2 C1 u; QO xmG(t) = t1�� sin(ct) w0 < k < 4sd��1(d� 1)( 1a2 + c2)A��2 �fc(d� 1)A+ 1g exp�� (d� 1)Aa �� 1� ;R= K}LY |@ Q[t cA xm OvwW|t ?=NDv= |=xvwox@ c > expf (d�1)Aa g(d�1)A w A = a�us > 0 u; QO xm"OW=@ 2�:s} Q}o@ Q_v QO Q} R CQwYx@ =Q C w C1 R= |=xOQQ} R Qo = p=LC 0 = ��s 2 Cj0 < s 6 1� + 1�CLD w �1� |=y`} RwD |xO=wv=N QO xm OwW|t xO}O u = 0 uO=O Q=Qk w 2 |x}[k R= xO=iDU= =@ x=ou;"OvwW|t ?wret �8� QO �1 QoOQw;Q@ |xr}Uwx@ w OvDUy |vDiQ}PB=v C 0 |xOQ |=yQoOQw;Q@ �2� u=} R `@=Dw OvDUy |vDiQ}PB C |xOQ QO xm CU= C |xOQuwQO |=yQoOQw;Q@ s=tD pt=W C 0 |xOQ 'OwHw u}= =@Q} R |=yx}[k \UwD ?r]t u}= xm CU= �5� QO � 1�+1 QoOQw;Q@ 'C |xOQ QO Tm =t}v}t QoOQw;Q@ xv=o}|Q=Po}=H w �1995� uO}= u=w 3 3 =D 1 3 |=yx}[k w 2 3 w 1 3 |=ysr x@=Wt C=}rta s=Hv= =@ wC=@F= R= |=xYqN |xOy=Wt |=Q@ "OwW|t C=@F= |DL=Qx@ � w � 'X |=Hx@ ?}DQDx@ s w � 'T (X)"O}vm xaH=Qt CUw}B x@ =yx}[k u}=Q@ 1�+1 6 s < s0 |=Q@ �s QoOQw;Q@ '�2� u=} R `@=D CLD w �1� |=y`} RwD |xO=wv=N |=Q@ 4 |x}[k"CU= C |xOQ QO |vDiQ}PB QoOQw;Q@ l} C 0 |xOQ QO |QoOQw;Q@ Qy 'u}vJty "OQ=O x@re �s0 QoOQw;Q@Tm =t}v}t QoOQw;Q@l} � 1�+1(X) QoOQw;Q@ '�2� u=} R `@=DCLD w �1�|=y`} RwD |xO=wv=N|=Q@ 5 |x}[k"CU}v Tm =t}v}t C |xOQ QO |Qo}O QoOQw;Q@ I}y w CU= � > a QDt=Q=B |=Q@"CU= C=@F= p@=k |oO=Ux@ Q} R C=mv 'q=@ |=yx}[k x@ xHwD =@c
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169 Q=Ov=Qm u}}=B R= |QDt=Q=B |=[i QO T=}kt QDt=Q=B R= |v=wD |xO} Q@ |]N Tm =t}v}t QoOQw;Q@C QO xm CU= s > 0 '�s |=yQoOQw;Q@ s=tD pt=W C 0 |xOQ xm OyO|t u=Wv 4 |x}[k "1C �C 0 |xOQ |=yQoOQw;Q@ Q@ xm C QO |}=yQoOQw;Q@ 'x}[k u}= 'u}vJty "OvDUy |vDiQ}PB"Ovm|t XNWt =Q OvQ=O x@reQoOQw;Q@ l} 4 |x}[k j@] 'u}= Q@ =v@ 'OQ=O jraD C 0 |xOQ x@ � 1�+1 (X) xmu}= x@ xHwD =@ "2OyO|t u=Wv � 1�+1 (X) QoOQw;Q@ uOw@ Tm =t}v}t 'u}vJty "CU= C |xOQ QO |vDiQ}PB"OvDUy Tm =t}v}t R}v OvQ=O x@re u; Q@ xm �8� utQO=QDU= w w=W |=yQoOQw;Q@ xmTm =t}v}t QoOQw;Q@l}�m(X) = T (X)�+1 QoOQw;Q@ '� > 0|=Q@ xmOWxO=Ou=Wv 1|x}[k QO "3'CU= � > a > 0 |=Q@ Tm =t}v}t |QoOQw;Q@ xm � 1�+1(X) = maxn0; T (X)�+1 o w CU="CU= C}OwOLt uwO@ Cr=L QO �m(X) Tm =t}v}t QoOQw;Q@ |xOW xO} Q@ Cr=LX=N |=yCr=L 3 1xOt; CUO x@ QoOQw;Q@ R= Q} R X=N |=yCr=L '�1� pOt |=y`} RwD |xO=wv=N w 5 |x}[k R= xO=iDU= =@"OwW|t pY=L �5� QO� swrat=v *T=}kt QDt=Q=B |=Q@ Tm =t}v}t QoOQw;Q@ xv=o} w |vDiQ}PB QoOQw;Q@ m = 1 ZQi =@ �;|QDt=Q=B |=[i QO �2� u=} R `@=D CLD w C |xOQ QO � swrat pmW QDt=Q=B =@ =t=o `} RwD QOx@ QoOQw;Q@ u=ty xm � 1�+1 (X) = maxna; X�+1o R= CU= CQ=@a a > 0 '[a;1)u=w \UwD xOt; CUO x@ QoOQw;Q@ 'u}= Q@ =v@ "CU= �1995� uO}= u=w \UwD xOt; CUO"OW=@|t �5� QoOQw;Q@ R= X=N Cr=L l} uO}=QoOQw;Q@ 'OvOW |iQat 2 VN@ QO xm �1� |=y`} RwD |xO=wv=N X=N |=yCr=L x@ xHwD =@ �?a > 0 '[a;1) |QDt=Q=B |=[i QO � = �r QDt=Q=B |=Q@ Tm =t}v}t QoOQw;Q@ =yvD w |vDiQ}PBx@ `} RwD u; ?U=vt � w T (X) =@ �5� |x]@=Q \UwD : : : w p=tQv '=t=o '|}=tv |=y`} RwD QO"O};|t CUO|=y`} RwD |xO=wv=N x@ ,=twRr xm |Qo}O |=y`} RwD |xO=wv=N x@ u=wD|t =Q xOt; CUO x@ G}=Dv �A=y`} RwD R= xO=wv=N l} "O=O VQDUo =D@ w wDQ=B p}@k R= 'OvDU}v jraDt �1� pOt QO T=}ktxDi=}p}O@D |wO|N |=y`} RwD |xO=wv=N 'OQ=O Q@ QO X=N Cr=L u=wvax@ =Q =y`} RwD u}= xm|}=tv |=y`} RwD |xO=wv=N =yu; "CU= xOW |iQat �1993� =DB wo w u=tLQ \UwD xm CU=140 c
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|v=RwH |QiaH OtLt w |yr=Ctav QO=v 170:OvDiQo Q_v QO =Q Q} R |QDt=Q=B l}(9) f(x; �) = expfa(x)b(�) + c(�) + h(x)gQo = \ki w Qo = CU= Gamma( j2 ; 2) `} RwD |=Q=O f�2a(X)b(�)g xm OvO=O u=Wv w(10) 2c0(�)b(�)b0(�) = j:|xHQO j =@ wO|N `} RwD |=Q=O f�2a(X)b(�)g 'OW=@ K}LY |OOa j xm |Dr=L QO|xO=wv=N =Q Ovm|t jOY �10� \QW QO xm �9� |=y`} RwD |xO=wv=N =yu; "CU= |O=R;x@ p=tQvn)r w |}=tv 'wDQ=B '=D@ |=y`} RwD p=Ft |=Q@ "OvO}t=v xDi=}p}O@D |wO|N |=y`} RwD|DL=Qx@ p=L "�O}vm x_Lqt =Q �1993� =DB wo w u=tLQ 1 pwOH� OvQ=O jraD xO=wv=N u}=�9� |QDt=Q=BlD|}=tv |=y`} RwD |xO=wv=N x=ou; OW=@ Q=QkQ@ �10� \QW Qo = 'O=O u=Wv u=wD|t� = �1b(�) w T (X) = a(X) '� = j2 =@ �1� T=}kt |}=tv |=y`} RwD |xO=wv=N pmW x@|wO|N |=y`} RwD |xO=wv=N x@ =Q pY=L G}=Dv u=wD|t |v} Ro}=H u}= =@ 'u}= Q@ =v@ "CU="O=O VQDUo 'xDi=}p}O@D=yQoOQw;Q@ |xU}=kt 4�(X) = ��fT (X)gTm =t}v}t w|vDiQ}PB QoOQw;Q@ =@ =QC|xOQ QO xO} Q@|]N|=yQoOQw;Q@VN@u}= QOCUNv "s}vm|t xU}=kt 'CU= xOt;CUO x@ �2002� u=Q=mty w|v=RwH |QiaH\UwD xm �4� |x]@=Q QO|wU R= "CU= limT (x)!1 �(x) = 1 w T (x) R= |OwaY ,=O}m = `@=D l} �(x) xm O}vm xHwD's > 0 Qy |=R=x@ 'u}vJty "limT (x)!0 �(x) = a �+2�+1 s} Q=O p=D}B wy |xOa=k R= xO=iDU= =@ Qo}Ow �(X) QoOQw;Q@ u}@ |x]@=Q "CU= T (x) R= |rwRvQ}e `@=D l} �s(x) = maxfa; sT (x)g `@=D:s} Q=O R=}v Q} R sr x@ u; C=@F= |=Q@ xm CU= xOW u=}@ 6 |x}[k QO �s |=yQoOQw;Q@xm |Qw]x@ OQ=O OwHw s0 > 1�+1 Q=Okt 'C |=yQoOQw;Q@ |xOQ QO 1 sr(11) R(a; �s) T 1� + 1 , s T s0c
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171 Q=Ov=Qm u}}=B R= |QDt=Q=B |=[i QO T=}kt QDt=Q=B R= |v=wD |xO} Q@ |]N Tm =t}v}t QoOQw;Q@:x=ou; OW=@ T (X) p=tDL= |r=oJ `@=D h(t; �) Qo = "u=yQ@R(�; �s) = �a� � 1�2 + Z 1as (�st� � 1�2 � �a� � 1�2)h(t; �)dt= �a� � 1�2 + Z 1as� �(st� 1)2 � �a� � 1�2� 1�(�) t��1 exp (�t)dt:(12) 'u}= Q@ =v@(13) R(�; �s) = Z 11s (st� 1)2 1�(�) t��1 exp (�t)dt:lims!0R(a; �s) = 0 w CU= s R= |OwaY ,=O}m = `@=D l} R(a; �s) 'OwW|t C=@F= |DL=Qx@ �13� R=l} xm OwW|t xH}Dv s QO R(a; �s) `@=D |oDUw}B R= xO=iDU= =@ p=L "lims!1 R(a; �s) =1 w:s} Q=O 5 |x}[k R= xO=iDU= =@ "OW=@ Q=QkQ@ �11� |x]@=Q u; |=Q@ xm OQ=O OwHw s0 > 0R(a; � 1�+1 ) 6 sup�>aR(�; � 1�+1 ) = 1� + 1 :O}=@ Ovm|t jOY �11� |x]@=Q QO xm |s0 Q=Okt 'R(a; �s) uOw@ |OwaY ,=O}m = x@ xHwD =@ 'u}= Q@ =v@"Ovm jOY s0 > 1�+1 \QW QOh} QaD Q=Okt s0 xm s > s0 Qo = \ki w Qo = OwW|t ?wret � \UwD 's > 0 '�s QoOQw;Q@ 6 |x}[k"CU= 1 sr QO xOWOwW|t xH}Dv |DL=Qx@ �12� R= w R(a; �s) > 1�+1 s} Q=O s > s0 Qy |=R=x@ 1 sr x@ xHwD =@ "u=yQ@'� > a Qy |=R=x@ 'u}= Q@ =v@ "�CUw}B �17� |x]@=Q� CU= � R= |OwaY ,=O}m = |a@=D R(�; �s)�s 'u}= Q@ =v@ "CU= R(�; �) 6 1�+1 '� > a Qy |=R=x@ u}vJty "Ow@ Oy=wN R(�; �s) > 1�+1"OwW|t ?wret � |xr}Uwx@:s} Q=O �11� |x]@=Q j@] =Q} R Ovm ?wret =Q �s Ov=wD|tv � 's < s0 |=Q@(14) R(a; �s) < 1� + 1 = R(a; �)"OW=@ s > s0 Qo = \ki w Qo = 'Ovm|t ?wret =Q �s QoOQw;Q@ '� QoOQw;Q@ 'u}= Q@ =v@=Q �s w � |=yQoOQw;Q@ R= l} Qy R= xO=iDU= |=yu=} R w =yOwU 'q=@ QO xOt; CUO x@ G}=Dv x@ xHwD =@"s} Qw;|t Q} R QO138 c
(2005) J. Stat. Res. Iran 2



|v=RwH |QiaH OtLt w |yr=Ctav QO=v 172|xOQ uwQO |=yQoOQw;Q@ s=tD Q@ � 1�+1 |vDiQ}PB=v w Tm =t}v}t QoOQw;Q@ '4 |x}[k R= xO=iDU= =@|}=yQoOQw;Q@ Q@ \ki � |vDiQ}PB w Tm =t}v}t QoOQw;Q@ 6 |x}[k x@ xHwD =@ xmu; p=L 'OQ=O x@re C �C 0Q}O=kt |=Q@ �14� |x]@=Q x@ xHwD =@ u}vJty "OW=@ s > s0 =yu; |=Q@ xm OQ=O x@re C � C 0 |xOQ R=uwJ 'Qo}O |wU R= "Ovvm|t ?wret =Q � QoOQw;Q@ s < s0 =@ C |xOQ |=yQoOQw;Q@ '� � a lJwmQy |=R=x@ '�s QoOQw;Q@ '�� alJwm Q}O=kt |=Q@ TB 'CU= s ?UL Q@ |OwaY ,=O}m = |a@=D R(a; �s)�2002� u=Q=mty w |v=RwH |QiaH G}=Dv R= xO=iDU= =@ 'p=L Qy x@ "Ovm|t ?wret =Q �s0 QoOQw;Q@ s < s0x@ Q}O=kt w s 6= 1�+1 Q}O=kt |=Q@ '� x@ C@Uv R(�; �s) uOw@ |OwaY ,=O}m = w 5 |x}[k x@ xHwD =@ w"Ovvm|t ?wret =Q �s QoOQw;Q@ � 1�+1 w � |=yQoOQw;Q@ '�CU= xDU@=w s x@ xm � � nQR@ |i=m |xR=Ov=C=mv x@ CU= sRq � 1�+1 w � |=yQoOQw;Q@ R= l} Qy R= xO=iDU= |=Q@ xm OwW|t xH}Dv 'q=@ ?r=]t R=:OwW xHwD Q} RQO � > a QDt=Q=B |vDiQ}PB w Tm =t}v}t QoOQw;Q@ � xm CU= |QDQ@ u}= |=Q=O � R= xO=iDU= �;xO=U w a pwL � Q}O=kt |=Q@ u; h}a[ OQmrta |rw 'CU= � > a |=yQoOQw;Q@ s=tD |xOQ"OwW|t ?wULt QoOQw;Q@ u}= ?}=at R= x@U=Lt |=Q@ u; pmW uOw@vOQmrta =t= CU= |vDiQ}PB=v � > a |=yQoOQw;Q@ s=tD |xOQ QO � 1�+1 Tm =t}v}t QoOQw;Q@ �?|=yC} Rt R= QoOQw;Q@ u}= |x@U=Lt |oO=U R}v w � |=Q@ a u}}=B u=Qm pwL QoOQw;Q@ u}= ?wN"OwQ|t Q=tW x@ u;=y`HQtBader, G.; Bischo�, W. (2003). Old and new aspects of minimax estimation of a bounded pa-rameter. In Mathematical Statistics and Applications; Festschrift for Constance van Eeden.IMS Lecture Notes and Monograph Series 43, 155-167. Institute of Mathematical Statistics,Hayward, CA.Bischo�, W. (1992). Minimax and � -minimax estimation for functions of the boundedparameter of a scale parameter family under "LP � loss". Statist. Decisions 10, 45-61.Brown, L.D. (1986). Fundamentals of statistical exponential families with applications instatistical decision theory. Lecture Notes Monograph Series 9, Institute of MathematicalStatistics, Hayward, CA.Charras, A.; van Eeden, C. (1994). Inadmissibility for squared error loss when the parameterto be estimated is restricted to the interval [a;1). Statist. Decisions 12, 257-266.c
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173 Q=Ov=Qm u}}=B R= |QDt=Q=B |=[i QO T=}kt QDt=Q=B R= |v=wD |xO} Q@ |]N Tm =t}v}t QoOQw;Q@Eichenauer-Hermann, J.; Fieger, W. (1989). Minimax estimation in scale parameter familieswhen the parameter interval is bounded. Statist. Decision 7, 363-376.Jafari Jozani, M.; Nematollahi, N.; Sha�e, K. (2002). An admissible minimax estimatorof a bounded scale-parameter in a subclass of the exponential family under scale-invariantsquared error loss. Statist. Probab. Lett. 60, 437-444.Kaluszka, M. (1988). Minimax estimation of a class of functions of the scale parameter inthe gamma and other distributions in the case of truncated parameter spaces. Zastos. Mat.20, 26-46.Karlin, S. (1958). Admissibility for estimation with quadratic loss. Ann. Math. Statist. 29,406-436.Lehmann, E. L.; Casella, G. (1998). Theory of point estimation. Wiley, New York.Parsian, A.; Nematollahi, N. (1996). Estimation of scale parameter under entropy loss func-tion. J. Statist. Plann. Inference 52, 77-91.Rahman, M. S.; Gupta, R. P. (1993). Family of transformed chi-square distributions. Comm.Statist. Theory Methods. 22, 135-146.Shao, P.; Strawderman, W. E. (1996). Improving on truncated linear estimates of exponentialand gamma scale parameters. Canad. J. Statist. 24, 105-114.van Eeden, C. (1995). Minimax estimation of a lower bounded scale-paramerer of a Gammadistribution for scale-invariant squared-error loss. Canad. J. Statist. 23, 245-256.van Eeden, C. (2000). Minimax estimation of a lower bounded scale-paramerer of an F-distribution. Statist. Probab. Lett. 46, 283-286.van Eeden, C.; Zidek, J.V. (1994a). Group Bayes estimation of the exponential mean: Aretrospective view of the wald theory, In: Statistical Decision Theory and Related Topics(eds S. S. Gupta and J. O. Berger, eds.), Springer-Verlag, pp. 35-49.van Eeden, C.; Zidek, J.V. (1994b). Group-Bayes estimation of the exponential mean: Apreposterior analysis, Test 3, 125-143.van Eeden, C.; Zidek, J.V. (1994c). Correction to Group-Bayes estimation of the exponentialmean: A preposterior analysis, Test 3, 247.van Eeden, C.; Zidek, J. V. (1999). Minimax estimation of a bounded scale parameter forscale-invariant squared-error loss. Statist. Decisions 17, 1-30.
136 c
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|v=RwH |QiaH OtLt w |yr=Ctav QO=v 174CUw}B"s}vm|t C=@F= =Q Q} R |=ysr CUNv =:t= "s} Qw;|t =Q 5 w 4 |=yx}[k C=@F= =Hu}= QO:s} Q=O � > a w s > 0 Qy |=R=x@ '�2� u=} R `@=D CLD w �1� |=y`} RwD |xO=wv=N |=Q@ 2 srddsR(�; �s) T 0 , s Z 1as� exp (�t)t�+1 dt T Z 1as� exp (�t)t� dt::s} Q=O �s 2 C h} QaD x@ xHwD =@ "u=yQ@�s(x) =8><>:a T (x) < as ;sT (x) T (x) > as :x=ou; 'OW=@ � pmW QDt=Q=B w � T=}kt QDt=Q=B =@ =t=o p=tDL= |r=oJ `@=D h(t; �) Qo = p=LR(�; �s) = E(��s� � 1�2)= Z as0 �a� � 1�2 h(t; �) dt+ Z 1as �st� � 1�2 h(t; �) dt= �a� � 1�2 + Z 1as (�st� � 1�2 � �a� � 1�2)h(t; �) dt:(15) 'u}= Q@ =v@R(�; �s) = �a� � 1�2 + s2 Z 1as t2�2h(t; �) dt� 2s Z 1as t�h(t; �) dt+ �1� �a� � 1�2�Z 1as h(t; �) dt:"OwW|t C=@F= q=@ sr 's x@ C@Uv q=@ |x]@=Q R= |Q}ojDWt =@s}yO Q=Qk Qo = 3 srK(y) = R1y t� exp (�t) dtR1y t�+1 exp (�t) dt ; t > 0; � > 0%Ovm|t jOY Q} R \}=QW QO K `@=D CQwY u}= QOc
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175 Q=Ov=Qm u}}=B R= |QDt=Q=B |=[i QO T=}kt QDt=Q=B R= |v=wD |xO} Q@ |]N Tm =t}v}t QoOQw;Q@'K(0) = 1�+1 �;'limy!1 yK(y) = 1 w limy!1K(y) = 0 �?"CU= y ?UL Q@ |OwaY ,=O}m = |a@=D yK(y) w y ?UL Q@ |rwRv ,=O}m = |a@=D K(y) �Ap=D}B wy |xOa=k R= xO=iDU= =@ w OwW|t C=@F= �;� CtUk '<RH x@ <RH |Q}op=QoDv= R= xO=iDU= =@ "u=yQ@|Q}ojDWt =@ wK(y) uOw@|rwRv ,=O}m = 'y x@C@UvK(y) R= |Q}ojDWt =@ "O};|tCUO x@ �?�CtUk"OwW|t C=@F= yK(y) uOw@ |OwaY ,=O}m = 'TDQ=wW |Q@=Q@=v R= xO=iDU= w y x@ C@Uv yK(y) R="OQm C=@F= u=wD|t |DL=Qx@ =Q Q} R sr '3 w 2 |=ysr R= xO=iDU= =@xm |Qw]x@ OQ=O OwHw s(�) l} � > a > 0 Qy |=R=x@ 4 sr' ddsR(�; �s) T 0 , s T s(�) �;'0 < s(�) < 1�+1 �?'CU= � ?UL Q@ |OwaY ,=O}m = |a@=D s(�) �A'lim�!1 s(�) = 1�+1 w lim�!a s(�) = 0 �Cu}vJty'CU= s ?UL Q@ |OwaY ,=O}m = |a@=D R(a; �s) �Exm |tUk x@ OQ=O OwHw �(s) > a l} 0 < s < 1�+1 Qy |=R=x@ �GRn�(s); � 1�+1o < R f�(s); �sg :"s}vm|t C=@F= =Q 5 w 4 |=yx}[k q=@ |=ysr R= xO=iDU= =@ p=Ls ?UL Q@ |OwaY ,=O}m = |a@=D R (�; �s) '4 sr �?� w �;� |=yCtUk x@ xHwD =@ "4 |x}[k u=yQ@:s} Q=O 1�+1 6 s < s0 Qy |=R=x@ 'u}= Q@ =v@ "0 < s(�) < 1�+1 xm CU= s > s(�) |=Q@R (�; �s) < R (�; �s0 ) 8� > aQoOQw;Q@ l} C 0 |xOQ QO QoOQw;Q@ Qy xm s}yO|t u=Wv xrLQt wO QO p=L "OQ=O x@re �s0 Q@ �s TB"CU= C |xOQ QO |vDiQ}PBR}v C |xOQ QO x=ou; OW=@ |vDiQ}PB C 0 |xOQ QO xm |QoOQw;Q@ Qy xm s}yO|t u=Wv =OD@= %pw= |xrLQtC 0 |xOQ QO �s 2 C 0 O}vm ZQi |va} "s}vm|t xO=iDU= hrN u=yQ@ R= C=@F= |=Q@ "CU= |vDiQ}PB134 c
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|v=RwH |QiaH OtLt w |yr=Ctav QO=v 176"OQ=O x@re �s Q@ xm OQ=O OwHw �� 2 C �C 0 l} 'u}= Q@ =v@ "OW=@ |vDiQ}PB=v C |xOQ QO w '|vDiQ}PBxm OQ=O x@re �s 2 C 0 Q@ � 1�+1 2 C 0 xH}Dv QO w xDW=O x@re �� Q@ � 1�+1 'x}[k pw= CtUk j@] p=L"CU= |vDiQ}PB R}v C |xOQ QO x=ou; 'OW=@ |vDiQ}PB C 0 |xOQ QO |QoOQw;Q@ Qo = TB "CU= ZQi hqNC 0 |xOQ QO |vDiQ}PB QoOQw;Q@ l} 'C 0 |xOQ QO QoOQw;Q@ Qy xm s}yO|t u=Wv p=L %swO |xrLQtQ_v QO =Q Q} R Cr=L wO w 0 < s0 6= s00 1�+1 xm OvW=@ Q=Okt wO s00 w s0 O}vm ZQi C=@F= |=Q@ "CU=:O} Q}o@l} '4 sr �C� =D �;� |=yCtUk j@] 'u}= Q@ =v@ "0 < s0 6= s00 6 1�+1 O}vm ZQi �;u=Wv x]@=Q u}= "Rf�0(s0); �s0g < Rf�0(s0); �s00g xm OQ=O OwHw �0(s0) > a�s0 xm O=O u=Wv u=wD|t '?}DQD u}ty x@ "OW=@ xDW=O x@re �s0 Q@ Ov=wD|tv �s00 OyO|t"OW=@ xDW=O x@re �s00 Q@ Ov=wD|tv R}vsr �E� CtUk j@] 'CQwY u}= QO "s00 = 1�+1 w 0 < s0 6 1�+1 O}vm ZQi �?"OW=@ xDW=O x@re �s0 Q@ Ov=wD|tv �s00 'u}= Q@ =v@ w R(a; �s0) < R �a; � 1�+1� '4Rn�(s0); � 1�+1o < xm OQ=O OwHw �(s0) > a l} 4 sr �G� CtUk j@] 'u}vJty"OW=@ xDW=O x@re �s00 Q@ Ov=wD|tv R}v �s0 'u}= Q@ =v@ w R f�(s0); �s0gCU= C 0 |xOQ QO |vDiQ}PB QoOQw;Q@ l} C 0 |xOQ QoOQw;Q@ Qy xm OwW|t xH}Dv q=@ CtUk wO x@ xHwD =@"CU= C |xOQ QO |vDiQ}PB QoOQw;Q@ l} C 0 |xOQ QoOQw;Q@ Qy pw= |xrLQt j@] wxm s}yO u=Wv CU= |i=m �2002� u=Q=mty w |v=RwH |QiaH G}=Dv x@ xHwD =@ "5 |x}[k u=yQ@sup�>aR(�; � 1�+1 ) = 1� + 1 ;sup�>aR(�; �s) > 1� + 1 ; s 6= 1� + 1 ::s} Q=O �15� |x]@=Q x@ xHwD =@(16)R(�; �s) = �a� � 1�2 + Z 1as� �(st� 1)2 � �a� � 1�2� 1�(�) t��1 expf�tg dt:c
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177 Q=Ov=Qm u}}=B R= |QDt=Q=B |=[i QO T=}kt QDt=Q=B R= |v=wD |xO} Q@ |]N Tm =t}v}t QoOQw;Q@:s} Q=O s > 0 Qy |=R=x@ 'u}= Q@ =v@dd�R(�; �s) = 2�1� a�� a�2 + as�2 �a� � 1�2 1�(�) � as����1 expn� as�o� 2�1� a�� a�2 Z 1as� 1�(�) t��1 exp f�tg dt� �a� � 1�2 as�2 1�(�) � as����1 expn� as�o= 2�1� a�� a�2 (1� Z 1as� 1�(�) t��1 expf�tgdt) > 0:(17) :s} Q=O �16� x@ xHwD =@ u}vJty "CU= � R= |OwaY ,=O}m = |a@=D R(�s; �) 'u}= Q@ =v@lim�!1R(�; �s) = Z 10 (st� 1)2 1�(�) t��1 expf�tg dt= �(� + 1)s2 � 2�s+ 1> 1� + 1\ki g(s) = �(� + 1)s2 � 2�s+ 1 `@=D =Q} R 'OW=@ s = 1�+1 Qo = \ki w Qo = CU= Q=QkQ@ |Q@=Q@ w'u}= Q@ =v@ "CU= 1�+1 Q@=Q@ st}v}t Q=Okt w CU= s = 1�+1 QO st}v}t |x]kv l} |=Q=Osup�>aR(�; � 1�+1 ) = 1� + 1 ;sup�>aR(�; �s) > 1� + 1 ; s 6= 1� + 1 "O};|t CUO x@ xH}Dv w1384 Q}D 21 %Ci=} QO1384 Qyt 11 %KqY= u} QN;|v=RwH |QiaH OtLt'|[=} Q swra |xOmWv=O 'Q=t; xwQo'|DWy@ O}yW x=oWv=O'u} w= 'x=oWv=O Q=wrw@"u=Q}= 'u=QyDm{jafari@cc.sbu.ac.ir :Q=ovs=}B
|yr=Ctav QO=v'O=YDk= |xOmWv=O 'Q=t; xwQo'|}=@]=@] xtqa x=oWv=O'Q}Yk OtL= u=@=}N V@v '|DWy@ O}yW u=@=}N"u=Q}= 'u=QyDna{nemat@yahoo.com :Q=ovs=}B132 c
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