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|Or=N u}Or=<=y@ 16xtOkt 1OQwt |=yxYNWt |=Q@ =y?} QkD w =yu=Qm u}}aD w =yu; |R=UpOt "Ov=xO}J}B ?re= '|iO=YD |=yxO}OB=@ |iO=YD pOt l} R= |@} QkD 'Qo}O CQ=@ax@ "OvO}it w syt |OQ@ Q=m x=oO}O R= =ypOt u; syt w xHwD=yu=Qm Ov=wD|t CU= xOW p}mWD xO=U |=yxir-wt R= xm pOt l} |xr}Uwx@ =} w QDxO=U pOt l} R= xO=iDU=|xO}= "OyO CUOx@ xar=]t OQwt pOt ?wr]t w X=N |=yxYNWt |NQ@ R= |@U=vt |=y?} QkD w|=y`} RwD xU}=kt |=Q@ =yp=U CWPo =@ w OW x�=Q= �1955� ut|r \UwD Q=@ u}DUNv |iO=YD ?}DQD|oOvm =QB ?}DQD Q@ =Q OwN xHwD 'xr=kt u}= QO "CU= xOW |iQat hrDNt |iO=YD ?}DQD u}OvJ 'p=tDL=u}OvJ w s} R=U|t hw]at CU= p=tDL= |=y`} RwD |oOvm =QB |xU}=kt |=Q@ O}it |�RH ?}DQD l} xm"s}vm|t x�=Q= OvwW|t ?DQt |oOvm =QB ?}DQD =@ xm =yxQ=t; R= p=Ft`} RwD `@=D 'p=tDL= |r=oJ `@=D "s}vm|t QwQt =Q xr=kt u}= QO R=}v OQwt |iO=YD |=y?}DQD =OD@=w rF 'G w F 'G w F 'g w f =@ ?}DQDx@ =Q Y w X |iO=YD |=yQ}eDt |@=QN MQv w =k@ `@=D 'p=tDL=|OwaY Q}e |=vat x@ �|rwRv� w |rwRv Q}e |=vat x@ �|OwaY� xr=kt u}= QU=QU QO "s}yO|t u=Wv rG"CU=x Qy |=Q@ Qo = (Y 6st X) CU= QDlJwm X R= |rwtat |iO=YD ?}DQD QO Y |iO=YD Q}eDt 1 h} QaD:s}W=@ xDW=O(1) G(x) 6 F (x):'p 2 (0; 1) Qy |=Q@ xm OwW|t xH}Dv �1� R=G�1(p) 6 F�1(p);:OW=@ OwHwt Y w X x@ C@Uv u; |[=} Q O}t= xm � : R! R |OwaY `@=D Qy |=Q@ ?}DQD u}ty x@ w(2) Ef�(Y )g 6 Ef�(X)g:"CU= (hazard rate ordering) Q]N MQv ?}DQD '|rwtat |iO=YD ?}DQD R= QD|wk |x} Q_v l}Qo = (Y 6hr X) CU= QDlJwm X R= Q]N MQv ?}DQD QO Y |iO=YD Q}eDt s}} wo|t 2 h} QaD(3) F (x)G(x) "OW=@ |OwaY x x@ C@Uvc
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17 k-out-of-n |=ysDU}U w |oOvm =QB ?}DQDt QO X |iO=YD Q}eDt l} Qta pw] |xOv=t}k=@ |xOvvm h}YwD |iO=YD Q}eDt Xt O}vm ZQiF (x+t)F (x) |=k@ `@=D |=Q=O w CU= `} RwDsy X � tjX > t =@ Xt 'Qo}O CQ=@a x@ "OW=@X > t \QWx@"Yt 6st Xt s}W=@ xDW=O 't > 0 Qy |=Q@ Qo = \ki w Qo = Y 6hr X 'u}= Q@ =v@ "CU='OvDUy u}at |xR=Ov= l} R= sm CUO |iO=YD |=yQ}eDt xmu; \QWx@ '|]QW |=y`} RwD 'Qo}O u=}@ x@Qo = Y 6hr X 'OvW=@ OwHwt Q]N |=yMQv xm |Dr=L QO "OvwW|t ?DQt |rwtat |iO=YD ?}DQD j@]R}v CN=wvm} |iO=YD ?}DQDx@ Q]N MQv T=U= Q@ ?}DQD "rF (x) 6 rG(x) 'x Qy |=Q@ Qo = \ki w"CU= QwyWtQo = (Y 6lr X) CU= QDlJwm X R= |}=tvDUQO C@Uv ?}DQD QO Y |iO=YD Q}eDt s}} wo|t 3 h} QaDQO lQDWt |v=}=B |x]kv l} |=Q=O Y w X |=yx=ox}mD xm|t=ovy "OW=@ |OwaY x x@ C@Uv f(x)g(x)%s} Q=O OvDUy AJ CtUY 6lr X ) Y 6hr X ) Y 6st X:"OwW xaH=Qt �1992� wywQ w ut|r x@ QDV}@ C=}�RH |=Q@"s}vm|t h} QaD =Q |iO=YD Q=OQ@ wO u=}t xQ}eDtOvJ |iO=YD ?}DQD uwvm =|iO=YD Q=OQ@ R= QDlJwm xQ}eDtOvJ |iO=YD ?}DQD QO Y = (Y1; : : : ; Yn) |iO=YD Q=OQ@ 4 h} QaD:s}W=@ xDW=O � : Rn ! R |OwaY `@=D Qy |=Q@ Qo = (Y st4 X) CU= X = (X1; : : : ; Xn)�(Y) 6st �(X):"OyO|t xH}Dv =Q xir-wt x@ xir-wt |iO=YD ?}DQD 'xQ}eDtOvJ |iO=YD ?}DQDZQi "s}vm|t h} QaD =Q u; xm OwW|t xO=iDU= R}v (majorization)uOv=W}@ swyit R= xr=kt u}= QOx = (x1; : : : ; xn) Q=OQ@ |=yxir-wt R= |OwaY ?}DQD QoW}=tv fx(1) 6 x(2) 6 : : : 6 x(n)g O}vm'j = 1; 2; : : : ; n � 1 'j Qy |=Q@ Qo = (x m< y) Ov=W}@|t =Q y Q=OQ@ x Q=OQ@ s}} wo|t "OW=@^iL =Q uOv=W}@ ?}DQD |x]@=Q xm |a@=D "Pni=1 x(i) =Pni=1 y(i) wPji=1 x(i) 6Pji=1 y(i)x=ov �1979� u}mrw= w p=WQ=t x@ QDV}@ C=}�RH |=Q@ "CU= (schur convex) QwW ?OLt `@=D Ovm'j = 1; 2; : : : ; n 'j Qy |=Q@ Qo = (x w< y) Ov=W}@|t h}a[ Qw]x@ =Q y Q=OQ@ x Q=OQ@ "O}vmjXi=1 x(i) 6 jXi=1 y(i):90 c
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|Or=N u}Or=<=y@ 18"OvO}t=v (p-larger) QDnQR@-p =Q u; xm OvDN=OQB R+n QO |=xR=D ?}DQDx@ �1999� xv=Dr=B w u@'j = 1; 2; : : : ; n 'j Qy |=Q@ Qo = (x p< y) CU= R+n QO y Q=OQ@ R= QDnQR@-p 'R+n QO x Q=OQ@jYi=1x(j) 6 jYi=1 y(j)::g Qakt `@=D Qy |=Q@ xm Ov=xOQm C@=F �1979� u}mr= w p=WQ=tx m< y ) (g(x1); : : : ; g(xn)) w< (g(y1); : : : ; g(yn));:s} Q=O CU= ?OLt `@=D l} sD} Q=or `@=D uwJ wx m< y ) x p< y ;uOv=W}@ |x]@=Q |rw ' (0 2; 1; 5) p< (1; 2; 3) xm CU= uWwQ p=Ft |=Q@ "CU}v Q=QkQ@ u; Tma xm"CU}v Q=QkQ@h} QaD Q} R QO xm CU= |oOvm =QB ?}DQD 'p=tDL= |=y`} RwD |oOvm =QB |xU}=kt |=Q@ |O=}v@ swyit l}"s}vm|tQo = (Y 6 X) CU= QDmJwm X R= |oOvm =QB ?}DQD QO Y |iO=YD Q}eDt s}} wo|t 5 h} QaD(4) G�1(�)�G�1(�) 6 F�1(�)� F�1(�); 0 < � 6 � < 1xDW=O p 2 (0; 1) Qy |=Q@ Qo = \ki w Qo = Y 6disp X 'p=tDL= |r=oJ |=y`@=D OwHw CQwY QO u}vJty%s}W=@f(F�1(p)) 6 g(G�1(p)):%OvW=@ Q=QkQ@ Q} R RQ=sy |=yx]@=Q Qo = \ki w Qo = 'Y 6disp X u}vJty&OW=@ |OwaY x x@ C@Uv F�1G(x) � x �;'p 2 (0; 1) Qy |=Q@ 'OvW=@ OwHwt p=tDL= |r=oJ `@=wD Qo = �?(5) rF (F�1(p)) 6 rG(G�1(p)): 'p 2 (0; 1) Qy |=Q@ �GYG�1(p) 6st XF�1(p):c
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19 k-out-of-n |=ysDU}U w |oOvm =QB ?}DQD?}DQD ẁv u}= 'Ow@ xar=]t p=L QO K}LY,qt=m |QDt=Q=B=v |=yuwtR;|}=Q=m |wQ|Dkw �1969� sUm =O|iO=YD Qw]x@ X OW=@ Q=QkQ@ �4� Qo = OvOQm C@=F �1976� =} w@}U w wDwt}o =v=} "O}t=v |=xr=@vO ?}DQD =Qw �1981� uwUBt=D w T}} wr '�1979� ut|r w pm}@ '�1978� u=Qwt w RQOv=U "CU= QDVNB Y R=p=tDL= |=y`} RwD |oOvm =QB |xU}=kt |=Q@ |iO=YD ?}DQD l} u=wvax@ =Q ?}DQD ẁv u}= �1982� Om}W|NQ@ w Ov=xOQm |UQQ@ =Q s}y=it u}= u=}t |RQ=sy �1983� Q=Jwm w xOv=BWO "OvO=O Q=Qk xar=]t OQwtxOv=BWO "Ov=xO=O Q=Qk xHwD OQwt =Q X=N |=y?}DQD R= Qo}O |NQ@ w |oOvm =QB?}DQD u=}t OwHwt C=]=@DQ=CUOx@ |=Q@ |]=@vDU= p�=Ut R= |NQ@ QO |oOvm =QB ?}DQD R= �1982� =Dt w xOv=BWO w �1982� Q=Jwm w"OvOQm xO=iDU= K}LY |=y?=NDv= |=yp=tDL= w =yuwtR; |}=Q=m |=Q@ |}=yu=Qm uOQw;"OwW|t xQ=W= |oOvm =QB ?}DQD syt |=yC}Y=N R= |NQ@ x@ xt=O= QO%CU= Q=O}=B |v=mt C=Q}}eD x@ C@Uv |oOvm =QB ?}DQD "1 C}Y=NY 6disp X ) Y + c 6disp X + d '|k}kL d w c Qy |=Q@X 6disp �X '� > 1 |=R=x@ "2 C}Y=NY 6disp X ) �Y 6disp �X "3 C}Y=NY w X R= pkDUt w |iO=YD |Q}eDt Z Qo = xm Ov=xO=O u=Wv �1981� uwUBt=D w T}} wr "4 C}Y=Nw=m nr |r=oJ `@=D |=Q=O Z Qo = \ki w Qo = Y + Z 6disp X + Z x=ou; Y 6disp X w OW=@"OW=@ �log-concave�x=ou; 'OvW=@ lQDWt |v=}=B AJ |x]kv |=Q=O Y w X |=yx=ox}mD Qo = "5 C}Y=NY 6disp X ) Y 6st X:`@=D Qy |=R=x@ x=ou; 'Y 6st X w Y 6disp X Qo = xm Ov=xO=O u=Wv �1991� |y w wywQ "6 C}Y=N'� Qakt |rwRv =} w ?OLt |OwaY�(Y ) 6disp �(X): '� ?OLt `@=D Qy |=R=x@ "7 C}Y=NY 6disp X ) Ef�(Y � E(Y ))g 6 Ef�(X �E(X))g;88 c
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|Or=N u}Or=<=y@ 20%OwW |t xH}Dv Y 6disp X R= X=N Cr=L QO "OvW=@ OwHwt |[=} Q |=yO}t= xm \QW u}= x@EjY �E(Y )j 6 EjX �E(X)j w V ar(Y ) 6 V ar(X):w Om}W R= 2.B VN@ swO pYi x@ q=@ QO xOW O=} |iO=YD |=y?}DQD |xQ=@ QO QDV}@ C=}�RH |=Q@"OwW ẁHQ �1994� Q=twm}Dv=W'OQ=O OwHw |oOvm =QB ?}DQD w Q]N MQv ?}DQD u=}t |O=}v@ w |U=U= |=x]@=Q '�5� |x]@=Q x@ xHwD =@"OwW|t x�=Q= x]@=Q u}= CU= xOW xOQw; �1986� Q=Jwm w |=o =@ QO xm Q} R |xH}Dv QO QDK[=w Qw]x@:OvW=@ |ivt=v |iO=YD Q}eDt wO Y w X xm ZQi u}= =@ 1 |x}[k&Y 6disp X x=ou; 'OvW=@ (DFR) |rwRv Q]N MQv 'G =} F w Y 6hr X Qo = �;"Y 6hr X x=ou; 'OvW=@(IFR) |OwaY Q]N MQv G =} F w Y 6disp X Qo = �?s}kDUt Qw] x@ =Q |iO=YD Q}eDt wO u}@ |oOvm =QB ?}DQD =} Q]N MQv ?}DQD u=wD|tv |v=U;x@ |y=ou}@ q=@ |=y?}DQD |Q=QkQ@ C=@F= |=Q@ Ovv=wD|t q=@ G}=Dv |ak=wt u}vJ QO 'OQm Q=QkQ@ u=W}=yh} QaD R="OwW|t x�=Q= |@r=H p=Ft Q} R QO "OvW=@ OvtOwU Q=}U@ |iO=YD |=yQ}eDtu=Wv 1 6 
1 6 
2 |=Q@ "OW=@ 
 K}LY pmW QDt=Q=B =@ =t=o |iO=YD Q}eDt X
 O}vm ZQi "p=Ftxm s}yO|tX
1 6disp X
2 w X
1 6hr X
2 :pkDUt |=t=o |iO=YD Q}eDt X
2�
1 xm |Qw]x@ O=O u=Wv X
1 +X
2�
1 CQwYx@ =Q X
2 u=wD|tQ}eDt =D
1 ẁtHt 'X
1 u}= Q@ xwqa "CU= K}LY |OOa xm OW=@ 
2 � 
1 pmW QDt=Q=B =@ X
1 R=:4 C}Y=N x@ xHwD =@ "CU= w=m nr p=tDL= |r=oJ `@=wD |=Q=O xm CU= pkDUt |}=tv |iO=YD(6) X
1 6disp X
2 :s} Q=O �6� |x]@=Q w 1 |x}[k R= �? CtUk x@ xHwD=@ CU= IFR '
1 > 1 |=R=x@ X
1 uwJ"X
1 6 X
2pmW QDt=Q=B Qy =@ =t=o |iO=YD |=yQ}eDt |=Q@ =Q q=@ G}=Dv �1982� Om}W w �1978� u=Qwt w RQOv=U|=Q@ �1978� u=Qwt w RQOv=U R= Q} R l}vmD "OvOQm C@=F |=xO}J}B |r}rLD |=yVwQ ltmx@ |y=wNrOOvtOwU Q=}U@ p=tDL= |=y`} RwD R= |QDt=Q=B |xO=wv=N l} |=[a= u=}t |oOvm =QB ?}DQD uDN=U Q=QkQ@"CU=c
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21 k-out-of-n |=ysDU}U w |oOvm =QB ?}DQDxm |Qw]x@ OW=@ a 2 R Qy |=Q@ Fa `} RwD `@=D =@ |iO=YD |Q}eDt Xa O}vm ZQi 2 |x}[k|wQ u; p=tDL= |r=oJ `@=D fa w xOw@ Q@Dat (x(a)� ; x(a)+ ) � (0;1) |xR=@ |wQ Fa �;&OW=@v QiY (x(a)� ; x(a)+ ) |=yxR=@ Q} R R= l}I}yQy |=Q@ u; uOw@ OwHwt \QWx@ a x@ C@Uv Fa jDWt u=wvax@ F 0a uDiQo Q_v QO =@ �?'a > a� w a; a� 2 R(7) Xa >disp Xa� ; 'Qo = \ki w Qo =(8) "OW=@ |rwRv x x@ C@Uv F 0a(x)fa(x)|=Q@ |oOvm =QB ?}DQD w (super-additive) |atHQ+@ R =Q Q} R |=yx]@=Q �1986� u=Q=mty w OtL=|=Q@ Qo = (Y 6su X) OwW|t xO}t=v |atHQ@ R F x@ C@Uv G "OvDN=U Q=QkQ@ |ivt=v |iO=YD |=yQ}eDtG |xvt=O R= y w x QyF�1G(x + y) > F�1G(x) + F�1G(y):"Y 6disp X x=ou; 'Y 6st X w Y 6su X Qo = 3 |x}[k"Y 6disp X x=ou; limx!0+ F�1G(x)x > 1 w Y 6su X Qo = 4 |x}[kp}@k R= 'uOQm Qta |�RH |=y?}DQD Qo}O w |oOvm =QB ?}DQD u=}t |y@=Wt |=yx]@=Q R}v u}= R= V}B�1983� Q=Jwm w xOv=BWO \UwD �star-ordering� xQ=DU .?}DQD w �convex-ordering� ?OLt .?}DQDCU= u}= Y 6disp X G}=Dv R= |m} "Ow@ xOt; CUOx@ �1985b w 1985a� I} wRwDQ=@ w �1984� xD=U:OyO|t xH}Dv xm CU= QDlJwm jX1 �X2j R= |iO=YD Qw]x@ jY1 � Y2j xmE(jY1 � Y2j) 6 E(jX1 �X2j) w Var(Y) 6 Var(X);xH}Dv u}= �1986� I} wRwDQ=@ "OvW=@|t �Y � X R= pkDUt |xvwtv wO �Y2 w Y1� X2 w X1 xm |Qw]x@"s}=xOQw; Q} R QO xmv=vJ 'O=O VQDUo |}=Dn |iO=YD |xvwtv l} �spacings� |=yxrY=i x@ =QR= Xn ': : : 'X1 |iO=YD |xvwtv l} ?DQt |=yxQ=t; Xn:n ': : : 'X1:n O}vm ZQi 5 |x}[kR= Yn ': : : 'Y1 |iO=YD |xvwtv R= ?DQt |=yxQ=t; R}v Yn:n ': : : 'Y1:n u}vJty "OvW=@ F `} RwD86 c
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|Or=N u}Or=<=y@ 22|=Q@ Vi:n � Yi:n � Yi�1:n w Ui:n � Xi:n �Xi�1:n =@ =Q Q_=vDt |=yxrY=i 'OvW=@ G `} RwD%u}= Q@ =v@ "X0:n = Y0:n � 0 xm |Qw]x@ s}yO|t V}=tv i = 1; : : : ; nY 6disp X ) (V1:n; : : : ; Vn:n) st� (U1:n; : : : ; Un:n);"O};|t Q} R QO OwW|t xDiQo 5 |x}[k R= xm |H}=Dv =t=:5 |x}[k \}=QW CLD 1 |xH}DvX=N Cr=L QO w Yj:n � Yi:n 6st Xj:n � Xi:n '1 6 i < j 6 n |=Q@ �;&Yn:n � Y1:n 6st Xn:n �X1:n&OvDUy |=xvwtv |=yTv=} Q=w s2Y w s2X xm 's2Y 6st s2X �?xm '�Y 6st �X �G�X = ��n2���1XXi<j jXj:n �Xi:nj;"OwW|t h} QaD x@=Wt Qw]x@ R}v �Y w CU= X |xvwtv |=Q@ |v}H u}ov=}t "u=yQ@w (U1:n; : : : ; Un:n) | iO= Y D |= yQ=OQ @ Q _= v D t |= yx i r-w t ẁ t H t u D i= } = @ �;"CU= pt=m C=@F= 5 |x}[k R= xO=iDU= =@ w j =D i+ 1 R= (V1:n; : : : ; Vn:n)CQwYx@ |=xvwtv Tv=} Q=w V}=tv =@ �?s2X = fn(n� 1)g�1XXi<j (Xj:n �Xi:n)2= fn(n� 1)g�1XXi<j (Uj:n + Uj�1:n + � � �+ Ui+1:n)2;|=yQ=OQ@ R= |OwaY `@=wD uwJ w CU= (U1:n; : : : ; Un:n) R= |OwaY |a@=D |vWwQx@ xm'Ov@DQt ?}DQD u}ty |=v@t Q@ OwN '|rwtat |iO=YD ?}DQD |=v@t Q@ xOW ?DQt |iO=YD"OwW|t pt=m 5 |x}[k x@ xHwD =@ C=@F=|a@=D CQwYx@ u=wD|t =Q |v}H u}ov=}t '1 |xH}Dv R= �? w p@k |x}[k C=@F= x@ xHwD =@ �G"CWwv =yxrY=i Q=OQ@ R= |OwaYc
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23 k-out-of-n |=ysDU}U w |oOvm =QB ?}DQD'OvW=@ DFR `} RwD l} R= xm |r=wDt ?DQt |=yxQ=t; u=}t =Q |oOvm =QB ?}DQD R= |H}=Dv '2 VN@ QOx@ ,=iQY 3 VN@ QO 'O=tDa= C}r@=k |x} Q_v QO |R=wt |=ysDU}U |xS} w *C}ty= p}rOx@ "s}vm|t u=}@xvwoJ xm s} R=OQB|t u}= x@ u}vJty "s} R=OQB|t `} RwDsyQ}e w pkDUt |}=tv |=yxir-wt =@ =yu; |xar=]tQ}F-=D Q]N MQv w |oOvm =QB ?}DQD |=yx=oO}O R= |R=wt |=ysDU}U Qta pw] |wQ '=y`} RwD |=yQDt=Q=B Q}}eDx@ R}v 4 VN@ QO "s}yO|t s}taD (PHR) ?U=vDt Q]N MQv |=ypOt x@ =Q G}=Dv xt=O= QO w OvQ=Po|t"s} R=OQB|t =y`} RwD |xO=wv=N |NQ@ R= xOW p=tQv |=yxrY=i u=}t |oOvm =QB ?}DQD |xar=]t?DQt |=yxQ=t; u=}t |oOvm =QB ?}DQD 2u=tR "Ovvm|t |R=@ |tyt Vkv O=tDa= C}r@=k QO X=N Qw]x@ w Q=t; QO |rm Qw]x@ ?DQt |=yxQ=t;'X=N Cr=L QO "CU= ?DQt |xQ=t; u}t=(n� k + 1) =@ j@=]t k-out-of-n sDU}U l} CUmWsDU}U l} Qta pw] uO=O MQ w ?DQt |xQ=t; u} QDnQR@ x@=Wt '|R=wt sDU}U l} Qta pw] uO=O MQ|=ysDU}U R= =yp=Ft u} QDxO=U |QU w |R=wt |=ysDU}U "CU= ?DQt |xQ=t; u} QDlJwm x@=Wt '|QU|=yxir-wt xm|Dr=L |=Q@ "Ov=xO}J}B |R=wt |=ysDU}U QDV}@ =yu; |xvO@ xm OvDUy �coherent� sHUvtxDiQo Q=Qk |UQQ@ CLD |Q=}U@ ?r=]t OvW=@ x@=Wt w pkDUt p=tDL= |=y`} RwD |=Q=O |}=ysDU}U u}vJx@=Wt Qw]x@ u=WQta pw] xm OvwW|t p}mWD |}=yxir-wt R= ,qwtat =ysDU}U '|ak=w |oOvR QO =t= "CU=uwJ "Ovvm|t Q=m lQDWt \}Lt l} QO xm |}=yxir-wt Ovv=t 'Ov=xDU@=w =yu; QDV}@ w Ov=xOWv `} RwD"CU= TQDUO QO |rm Cr=L QO |tm G}=Dv 'CU= xO}J}B ,qt=m |}=ysDU}U u}vJ `} RwD |x} Q_v|rwRv Q]N MQv =@ |}=y`} RwD R= xm ?DQt |=yxQ=t; u=}t |oOvm =QB ?}DQD R= |H}=Dv VN@ u}= QO"OwW|t x�=Q= 'OvDUy|=yQ}eDt |}=Dn |xawtHt l} R= ?DQt |xQ=t; u}t=i u=wvax@ =Q Xi:n 'i = 1; : : : ; n 'i Qy |=Q@"OvW=@ `} RwDsy =} pkDUt =yXi xm CU}v |H=}DL= "s} Q}o|t Q_v QO Xn ': : : 'X1 |iO=YD�1982� OrwuwQo w O} w}O 'OvW=@ DFR `} RwD R= |iO=YD |xvwtv l} 'Xn ': : : 'X1 xm |Dr=L QOx@ =Q xH}Dv u}= �1996a� Q=Jwm "var(Xi:n) 6 var(Xj:n) '1 6 i < j 6 n |=Q@ xm OvOQm C@=F|=Q@ =Q xH}Dv u}ty �2000a� Q=Jwm w |Or=N "O=O s}taD 1 6 i < j 6 n |=Q@ Xi:n 6disp Xj:n"OvO=O s}taD DFR |=y`} RwD R= Q@=Q@=v |=yxvwtv |xR=Ov= =@ |iO=YD |=yxvwtv ?DQt |=yxQ=t; xU}=kti 6 j |=Q@ u}= Q@ =v@ 'OW=@ DFR `} RwD R= |iO=YD |xvwtv l} Xn ': : : 'X1 O}vm ZQi 6 |x}[k84 c
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|Or=N u}Or=<=y@ 24:CW=O s}y=wN n� i > m� j w(9) Xi:n 6disp Xj:m:u=Q=mty w Ovqw@ "s} R=OQB|t OW=@ |}=tv Q_v OQwt `} RwD xm |Dr=L x@ =OD@= x}[k u}= C=@F= |=Q@"Ov=xOQm C@=F OvW=@ Q@=Q@ =yxvwtv xR=Ov= xm |Dr=L QO =Q x}[k u}ty �1998�QO "OW=@ � QDt=Q=B =@ |}=tv `} RwD R= |}=Dn |xvwtv l} R= ?DQt |xQ=t; u}t=i 'Xi:n O}vm ZQi 1sr'n� i > m� j w i 6 j |=Q@ CQwY u}=(10) Xi:n 6disp Xj:m:=@ |}=tv pkDUt |}=Dm w |}=Dn|iO=YD |xvwtv wOX 0m ': : : 'X 01 wXn ': : : 'X1 O}vm ZQi "u=yQ@:CWwv QQmt |=yp[=iD R= |awtHt CQwYx@ u=wD|t =QXi:n ?DQt |xQ=t; u}t=i "OvW=@ � Q]N MQvXi:n = (Xi:n �Xi�1:n) + � � �+ (X2:n �X1:n) +X1:nst= iXk=1En�i+k;(11)(n� i+ k)� Q]N MQv =@ |}=tv |iO=YD Q}eDt l} En�i+k 'k = 1; : : : ; i 'k Qy |=Q@ xm |Qw]x@:s} Q=O R}v X 0j:m |=Q@ |y@=Wt Qw]x@ "Ov=pkDUt Qo}Om} R= =yEn�i+k |vWwQx@ u}vJty w CU=(12) X 0j:m st= jXk=1E0m�j+k :(m�j+k)� Q]NMQv =@|}=tv|iO=YD Q}eDtl}E0m�j+k 'k = 1; : : : ; j 'k Qy|=Q@ x@=Wt Qw]x@|=Q@ En�i+1 6disp E0m�j+1 |x]@=Q "Ov=pkDUt Qo}Om} R= =yE0m�j+k |vWwQx@ u}vJty w CU=|}=y`} RwD |xOQ xm =Hu; R= "CU= Q=QkQ@ |oOvm =QB ?}DQD h} QaD R= xO=iDU= =@ n � i > m � j Qy`@=wD |=Q=O xm OvDUy |}=yVJ}B |=Q=O 'OvW=@|t |w=m nr C}Y=N =@ p=tDL= |r=oJ `@=wD |=Q=O xm=@ '�17 X '�1988� hO n =H w |Qm =}yO=tQ=O x@ O}}=tv xaH=Qt� OvW=@|t w=m nr p=tDL= |r=oJ:s} Q=O 4 C}Y=N QQmt |Q}oQ=mx@(13) iXk=1En�i+k 6disp iXk=1E0m�j+k :c
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25 k-out-of-n |=ysDU}U w |oOvm =QB ?}DQD|r=oJ `@=D |=Q=O pkDUt |}=tv |iO=YD |=yQ}eDt ẁtHt 'Pjk=i+1 E0m�j+k xm =Hu; R= u}vJtyQy |=Q@ '4 C}Y=N R= |wQ}B =@ 'CU= pkDUt Pik=1E0m�j+k R= R}v w w=m nr C}Y=N =@ p=tDL='u}= Q@ =v@ "CU= QDxOvm =QB smPjk=1E0m�j+k R= �13� CU=Q hQ] i 6 jXi:n disp= iXk=1En�i+k 6disp jXk=1E0m�j+k disp= X 0j:m:"OwW|t C@=F �10� 'Ov=`} RwD l} |=Q=O X 0j:m w Xj:m uwJ"CU= xOW xO=O �1987� I} wRwDQ=@ QO Q} R sr u=yQ@"OW=@ |OwaY �(x) � x w �(0) = 0 xm |Qw]x@ OW=@ |a@=D � : R+ ! R+ O}vm ZQi 2 sr|OwaY  � �1(x)� x `@=D ' : R+ ! R+ |OwaY ,=O}m = w ?OLt `@=D Qy |=Q@ 'CQwY u}= QO"CU="s}yO|t x�=Q= 6 |x}[k |=Q@ |v=yQ@ uwvm ==D@ `} RwD |=Q=O Bj:m xm |Qw]x@ Fj:m(x) = Bj:mF (x) R= CU= CQ=@a Xj:m `} RwD `@=D "u=yQ@l} u}ov=}t =@ |}=tv |iO=YD Q}eDt `} RwD `@=D G O}vm ZQi "CU= (j;m � j + 1) |=yQDt=Q=B =@R= n |xR=Ov= x@ |iO=YD xvwtv ?DQt |xQ=t; u}t=j `} RwD `@=D Hj:m(x) = Bj:mG(x) TB "OW=@xm s}yO u=Wv s}v=wD|t u}vJty "Ow@ Oy=wN |}=tv |=Dm} u}ov=}t `} RwDFj:m(x) = Bj:mGG�1F (x)= Hj:mG�1F (x):(14) 'n� i > m� j w i 6 j |=Q@ xm s}yO|t u=Wv 'C=@F= |=Q@F�1GH�1j:mHi:nG�1F (x) � x Qo = \ki w Qo = CU= |OwaY x x@ C@Uv F�1j:mFi:n(x) � x"OW=@ |OwaY x x@ C@Uv(15)|OwaY x x@ C@Uv R}v H�1j:mHi:n(x)� x 'n� i > m� j w i 6 j |=Q@ '1 sr R= xO=iDU= =@"CU=uwvm = "OW=@ DFR 'F Qo = CU= ?OLt w |OwaY ,=O}m =  (x) = F�1G(x) `@=D u}vJty82 c
(2005) J. Stat. Res. Iran 2



|Or=N u}Or=<=y@ 26"O};|t CUOx@ 2 sr R= sRq |xH}Dv'i = 1; : : : ; n 'i Qy|=R=x@DFR `} RwD R=|iO=YD |xvwtvl} |=Q@ xm OwW|t xH}Dv 6|x}[k R= "xDmvXi:n+1 6disp Xi:n 6disp Xi+1:n+1:Cr=L QO xm O=O u=Wv u=wD|t p=Ft |=Q@ "CU= syt Q=}U@ 'DFR ZQi q=@ |xH}Dv |Q=QkQ@ |=Q@X2:2 Tv=} Q=w R=X1:2 Tv=} Q=w 'CU}v DFR xm (0; 1)CN=wvm} `} RwD R= |}=DwO |iO=YD |xvwtv l}"CU}v QDlJwm"s} R=OQB|t 'OvW=@ `} RwDsy Q}e w pkDUt C=Oy=Wt xm|Dkw?DQt |=yxQ=t; |xU}=kt |xr�Ut x@ p=L'OvW=@ pkDUt |iO=YD |=yQ}eDt Xn ': : : 'X1 Qo = xm OvO=O u=Wv �1994� u=WwQB w |y} wvr= 'Ovqw@"s}UQ|t Q} R |x}[k x@ 1 |x}[k w u}= R= xO=iDU= =@ "Xi:n 6hr Xj:n s} Q=O '1 6 i < j 6 n |=Q@1 6 i < j 6 n |=Q@ x=ou; OvW=@ pkDUt |ivt=v |iO=YD |=yQ}eDt Xn ': : : 'X1 Qo = 7 |x}[k"OW=@ DFR 'Xi:n Qo = Xi:n 6disp Xj:n s} Q=ODFR 'i 2 f1; 2; : : : ; ng 'i Qy |=Q@ Xi:n CU= umtt 'OW=@ DFR `} RwD R= =t |xvwtv Qo = =DLCk}kL u}= |xH}Dv =aO= u}= "CU= DFR xQ=wty Cr=L u}= CLD ?DQt |xQ=t; u} QDlJwm =t= "OW=@Qy Qo = 'u}= Q@ =v@ "CU=yxir-wt Q]N MQv ẁtHt |QU sDU}U l} pkDUt |=yxir-wt Q]N MQv xm CU=xOy=Wt u}= R= "CU= DFR C}Y=N |=Q=O sDU}U 'OW=@ xDW=O |rwRv Q]N MQv |QU sDU}U xir-wt"OwW|t pY=L Q} R |xH}Dv|=Q@ CQwY u}= QO "OvW=@ DFR pkDUt |iO=YD |=yQ}eDt Xn ': : : 'X1 O}vm ZQi 2 |xH}Dv's} Q=O 1 < j 6 n 'j QyX1:n 6disp Xj:n:pkDUt |xir-wt R= xOW xDN=U k-out-of-n |=ysDU}U |xty u=}t QO xm s}@=}|t QO xH}Dv u}= R=u=}t |oOvm =QB ?}DQD "OQ=O =Q Q]N MQv u} QDV}@ |rw CU= u} QDxOvm =QB sm |QU sDU}U 'DFRu=}@ Q} R |x}[k QO OvDUy hrDNt =yxir-wt O=OaD |Dkw 'pkDUt DFR |=yxir-wt R= |QU |=ysDU}U"CU= xOW'CQwY u}= QO "OvW=@ DFR pkDUt |=yQ}eDt Xn+1 ': : : 'X1 O}vm ZQi 8 |x}[kX1:n+1 6disp X1:n:c
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27 k-out-of-n |=ysDU}U w |oOvm =QB ?}DQDDFR `} RwD |=Q=O ZwQit \}=QW CLD X1:n w CU= X1:n+1 R= QDsm X1:n Q]N MQv uwJ "u=yQ@"OwW|t xH}Dv 'x}[k smL 1 |x}[k R= 'CU=|=y`} RwD R= |iO=YD |=yxvwtv xm |Dkw ?DQt |=yxQ=t; u=}t =Q |oOvm =QB ?}DQD Oa@ |x}[k QO"s}yO|t xaUwD 'OvW=@ xOW xDiQo hrDNtYn ': : : 'Y1 w OW=@ F |xDUw}B `} RwD l} R= |iO=YD |=xvwtv Xn ': : : 'X1 O}vm ZQi 9 |x}[kw i 6 j |=Q@ x=ou; 'OvW=@ DFR 'G =} F R= |m} Qo = "OW=@ G |xDUw}B `} RwD R= |iO=YD |=xvwtv'n� i > m� j(16) X 6disp Y ) Xi:n 6disp Yj:m:R= xO=iDU= =@ �"CU= x@=Wt OW=@ DFR 'G xm |Dr=L QO C=@F=� OW=@ DFR 'F O}vm ZQi "u=yQ@xm OQm C@=F �1986� I} wRwDQ=@ "Xi:n 6disp Yj:m s} Q=O n� i > m� j w i 6 j |=Q@ 6 |x}[k"OwW|t C@=F Q_v OQwt |xH}Dv 'G}=Dv u}= ?}mQD =@ "Xj:m 6disp Yj:m x=ou; X 6disp Y Qo =R= 'OyO|t xH}Dv =Q X 6disp Y |x]@=Q 'G =} F uOw@ DFR \QW x=Qtyx@ X 6hr Y ZQi uwJ"O};|t CUOx@ Q} R |xH}Dv q=@ |x}[ku}vJty w F |xDUw}B `} RwD R= |}=Dn |iO=YD |xvwtv Xn ': : : 'X1 O}vm ZQi 3 |xH}DvDFR G =} F |=y`} RwD R= |m} Qo = "OW=@ G |xDUw}B `} RwD R= |}=Dm |iO=YD |xvwtv Ym ': : : 'Y1'n� i > m� j w i 6 j |=Q@ x=ou; 'OvW=@X 6hr Y ) Xi:n 6disp Yj:m:pO=at Qw]x@ =}� uoty=v uwU=wB Ov}=Qi l} O=ONQ |=yu=tR |=Q@ x@=Wt |=xH}Dv �1996b� Q=Jwm"CU= xOW x�=Q= Q} R QO G}=Dv R= |m} "OQw; CUOx@ |rwRv p=tDL= |r=oJ `@=D =@ �OQwmQ Q}O=kt |=Q@u}vJty w OW=@ |rwRv MQv `@=D =@ uoty=v uwU=wB Ov}=Qi l} fN(t); t > 0g O}vm ZQi 10 |x}[k'CQwY u}= QO "OvW=@ |B=}B O=ONQ |=yu=tR : : : 'R2 'R1 O}vm ZQiRn 6disp Rn+1; n = 1; 2; : : : 'n Qy |=Q@80 c
(2005) J. Stat. Res. Iran 2



|Or=N u}Or=<=y@ 28uoty=v |=yxir-wt =@ |R=wt |=ysDU}U |iO=YD ?}DQD 3|o_i=L|@ C}Y=N uDW=O p}rOx@ `} RwD u}= "Ovm|t |R=@ Q=t; QO =Q |tyt Q=}U@ Vkv |}=tv `} RwDC=YNWt Qo}O w =k@ |=yp=tDL= |=Q@ =Q|v=U; Q=}U@ |=yu=Qm?re= w OQ=O |@r=H X=wN �non-aging�|xU}=kt |xr�Ut �1971� u=WwQB w QoOrB "OQw;|t OwHwx@|}=tv Q}e |=yxir-wt =@ |=ysDU}U xHwD OQwt|=yQ}eDt =@ Q_=vDt |=yxQ=t; =Q `} RwDsy Q}e pkDUt |}=tv |iO=YD |=yQ}eDt R= ?DQt |=yxQ=t; |iO=YDu=WwQB xrtH R= |Q=}U@ u=QoWywSB \UwD ẁ[wt u}= "OvO=O Q=Qk xar=]t OQwt `} RwDsy w pkDUt |}=tvw Om}W 'Ovqw@ '�1997� wywQ w Q=Jwm '=QDUmO '�1994� u=WwQB w |y} wvr= ' Ovqw@ '�1976� u=t=QwDU wOQwt u=Qo}O u=}t QO �2000b w 2000a� Q=Jwm w |Or=N w �1999� xv=Dr=B w u@ '�1998� Q=twm}Dv=WOv=xOW p}mWD `} RwDsy Q}e |=yxir-wt R= xm =Q |R=wt |}=ysDU}UVN@ u}= QO "CiQo Q=Qk |Q}o}B w xHwD|=Q=O =yxir-wt xm |Dr=L x@ =OD@= "s}yO|t Q=Qk xU}=kt OQwt Q]N MQv ?}DQD w |oOvm =QB ?}DQD x=oO}O R="s}yO|t VQDUo ?U=vDt Q]N MQv |xO=wv=N |=Q@ =Q G}=Dv TBU w s} R=OQB|t OvDUy |}=tv |=y`} RwD"OvOQm C@=F =Q Q} R |xH}Dv �1971� u=t=QwDU w QoOrBQ]N MQv |=Q=O Xi xm OvW=@ |}=tv pkDUt |iO=YD |=yQ}eDt Xn ': : : 'X1 O}vm ZQi 11 |x}[k|iO=YD |=yQ}eDt R= |Qo}O |xawtHtX�n ': : : 'X�1 O}vm ZQi "CU= i = 1; : : : ; n 'i Qy |=Q@ �i|=Q@ � m> �� x=ou; "CU= i = 1; : : : ; n 'i Qy |=Q@ ��i Q]N MQv |=Q=O X�i xm OW=@ |}=tv pkDUtxm OyO|t xH}Dv i = 2; : : : ; n 'i Qy(17) X1:n st= X�1:n w Xi:n >st X�i:n:?DQt |=yxQ=t; R= Q=OQ@ wO u=}t xQ}eDtOvJ |iO=YD ?}DQDx@ =Q xH}Dv u}= �1976� u=t=QwDU w u=WwQBxm OvOQm C@=F q=@ |x}[k \}=QW CLD u=v; "OvO=O s}taD(X1:n; : : : ; Xn:n) st< (X�1:n; : : : ; X�n:n):R= q=@ |xH}Dv |�RH Qw]x@ �1994� u=WwQB w |y} wvr= 'Ovqw@ 'i = 2 w n = 2 X=N Cr=L |=Q@xOt; Q} R QO =yu; |xH}Dv "OvO=O s}taD Q]N MQv ?}DQDx@ |iO=YD ?}DQD R= =Q �1971� u=WwQB w QoOrB"CU==yu;Qta pw] xm OW=@ xir-wt wO R= |R=wt sDU}U l} Q]N MQv r�1;�2(t) O}vm ZQi 12 |x}[k`@=D l} r�1;�2(t) 'CQwY u}= QO "OvDUy �2 w �1 Q]N |=yMQv =@ |}=tv pkDUt |iO=YD |=yQ}eDtc
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29 k-out-of-n |=ysDU}U w |oOvm =QB ?}DQD:OyO|t xH}Dv (�1; �2) m< (��1 ; ��2) u}= Q@ =v@ "CU= (�1; �2) QO QwW QaktX2:2 >hr X�2:2:n x@ u=wD|tv =Q 11 |x}[k xm OvO=O u=Wv Zkv p=Ft l} =@ �1994� u=WwQB w |y} wvr= 'Ovqw@sDU}U Qta pw] 'Xn:n uwQ=w Q]N MQv xm OvOQm C@=F �1997� wywQ w Q=Jwm '=QDUmO "O=O s}taD x=wNrO"CU= QwW ?OLt � QO 'pkDUt |}=tv |xir-wt n R= |R=wt|}=tv `} RwD R= |iO=YD |xvwtv Yn ': : : 'Y1 xm CU= Yn:n =@Xn:n |xU}=kt Qo}O |a}@] |xr�Ut"OvOQm C@=F =Q Q} R |xH}Dv �1997� wywQ w Q=Jwm '=QDUmO "OW=@|t �� =Pni=1 �in Q]N MQv =@Q]N MQv |=Q=O Xi xm OvW=@ |}=tv pkDUt |iO=YD |=yQ}eDt Xn ': : : 'X1 O}vm ZQi 13 |x}[kQO "CU= �� Q]N MQv =@ |}=tv `} RwD R= |iO=YD |=xvwtv Yn ': : : 'Y1 w i = 1; : : : ; n 'i |=Q@ �i'CQwY u}=(18) Yn:n 6disp Xn:n w Yn:n 6hr Xn:n:"OvyO|t x�=Q= Xn:n Q]N MQv |=Q@ |}q=@ u=Qm w Xn:n Tv=} Q=w |=Q@ |v}}=B u=Qm G}=Dv u}=Cr=L QO xJQo #OW=@|t Qo}O ?DQt |=yxQ=t; x@ s}taD p@=k q=@ |xH}Dv =}; s}v=O@ xm CU= ?r=H"CU= Q=QkQ@ ?DQt xQ=t; u}twO |=Q@ xH}Dv xm s}v}@|t |Oa@ |x}[k QO =t= s}v=O|tv =Q MU=B |rmQ]N MQv |=Q=O Xi xm OvW=@ |}=tv pkDUt |iO=YD |=yQ}eDt Xn ': : : 'X1 O}vm ZQi 14 |x}[k|}=tv `} RwD R= |iO=YD |=xvwtv R}v Yn ': : : 'Y1 O}vm ZQi u}vJty w CU= i = 1; : : : ; n 'i |=Q@ �iCQwY u}= QO "OW=@ �� Q]N MQv =@Y2:n 6disp X2:n:xm OwW|t xH}Dv �1996� Q=wQm w Q=Jwm QO 3"7 |x}[k R= "u=yQ@(19) Y2:n � Y1:n 6disp X2:n �X1:n w X1:n st= Y1:n:'4 C}Y=N R= |wQ}B =@ 'CU= w=m nr (Y1:n)X1:n `} RwD uwJ(20) Y2:n = (Y2:n � Y1:n) + Y1:n 6disp (X2:n �X1:n) +X1:n = X2:n:78 c
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|Or=N u}Or=<=y@ 30'u}= Q@ =v@ 'CU= Y1:n R= pkDUt Y2:n � Y1:n w X1:n R= pkDUt X2:n �X1:n uwJY2:n 6disp X2:n:OvO=O u=Wv '�� |=Hx@ ~� = �Qni=1 �� 1n |Q=Po}=H =@ �2000b� Q=Jwm w |Or=N Q} R |x}[k QO"CU= Q=QkQ@ u=vJty 13 |x}[k G}=Dv xmQ]N MQv |=Q=O Xi xm OvW=@ |}=tv pkDUt |iO=YD |=yQ}eDt Xn ': : : 'X1 O}vm ZQi 15 |x}[k`} RwD R= |iO=YD |=xvwtv R}v Zn ': : : 'Z1 O}vm ZQi u}vJty "CU= i = 1; : : : ; n 'i |=Q@ �iCQwY u}= QO "OW=@ ~� = �Qni=1 �� 1n Q]N MQv =@ |}=tvZn:n 6disp Xn:n w Zn:n 6hr Xn:n:'15 |x}[k \}=QW CLD 4 |xH}Dv:s} Q=O Xn:n Q]N MQv rXn:n |=Q@ �;rXn:n(x;�) 6 n~��1� expf�~�xg�n�1 exp(�~�x)1� (1� expf�~�xg)n ; �?var(Xn:n;�) > 1~�2 nXi=1 1(n� i+ 1)2 :=yu; |@=UL u}ov=}t R= =y�i |UOvy u}ov=}t xm u}= w CU= ~� R= |rwRv Q}e |a@=D Yn:n Q]N MQv uwJwywQ w Q=Jwm '=QDUmO \UwD xm CU= |}=yu; R= QDy@ 4 |xH}Dv R= pY=L O}OH |=yu=Qm 'CU= QDlJwm"Ov=xOt; CUOx@ �1997�|q=@ |=yu=Qm x=Qty x@ =Q |}=tv |=xir-wt xU |R=wt |=ysDU}U Q]N |=yMQv '2 w 1 |=ypmW QO"s}=xOQm sUQ =Q 4 |xH}Dv \UwD u}vJty w �1997� wywQ w Q=Jwm '=QDUmO \UwD xOW xO=Ou}vJty "CU= �2 = (0 2; 2; 3 8)'2 pmW QO w �1 = (1; 2; 3) '1 pmW QO =yQDt=Q=B Q=OQ@"�2 m< �1 xm O}vm xHwDc
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31 k-out-of-n |=ysDU}U w |oOvm =QB ?}DQD
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X3:3 Q]N MQv Q=Owtv "1pmW"OvwW|t QDy@ ,=D@Uv =yu=Qm 'uOv=W}@ Q_v R= =y�i uOW QDxOvm =QB =@ xm CU= K[=w =ypmW R=QwW C@=F |@=UL u}ov=}t |iQ] R= w 'CU= |UOvy u}ov=}t uOw@ QwW Qakt p}rOx@ xO}OB u}=`} RwDsy w pkDUt |}=tv |=yxir-wt R= pmWDt |R=wt sDU}U l} Q]N MQv w CU= (Schur-constant)"CU= |OwaY ~� QO '~� lQDWt Q]N MQv =@
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|Or=N u}Or=<=y@ 32(PHR) ?U=vDt Q]N MQv pOt 3 1pkDUt |iO=YD |=yQ}eDt "OW=@ h(�) Q]N MQv =@X |ivt=v |iO=YD Q}eDt l} |=k@ `@=D F O}vm ZQiQ]N MQv |=Q=O 'i = 1; : : : ; n 'i |=Q@ Xi Qo = Ovvm|t |wQ}B ?U=vDt Q]N MQv pOt R= Xn ': : : 'X1"CU= xOW xOQw; Q} R QO xm CU= PHR pOt x@ s}taD p@=k 15 |x}[k |xH}Dv "OW=@ �ih(�)�ih(�) Q]N MQv |=Q=OXi xm OvW=@ pkDUt |iO=YD |=yQ}eDtXn ': : : 'X1 O}vmZQi 16 |x}[kZQi u}vJty "OW=@ |ivt=v |iO=YD Q}eDt Q]N MQv h(�) xm |Qw]x@ 'CU= i = 1; : : : ; n 'i |=Q@xm |Qw]x@ 'OW=@ ~�h(�) lQDWt Q]N MQv =@ `} RwD l} R= |iO=YD |xvwtv l} 'Yn ': : : 'Y1 O}vm'CQwY u}= QO "~� = �Qni=1 �� 1nw Xn:n >hr Yn:n �;"Xn:n >disp Yn:n x=ou; 'OW=@ DFR 'F Qo = �?"u=yQ@'i Qy |=Q@ w OW=@ F |atHD Q]N MQv |xOvyOu=Wv H(x) = � logF (x) O}vm ZQi �;|wQ}BPHR pOt R= =yXi uwJ "Wi = H(Yi) w Zi = H(Xi) 'i = 1; : : : ; n'i Qy |=Q@ ~� Q]N MQv =@ |}=tv R}v =yWi w �i Q]N MQv =@ |}=tv =yZi |vWwQx@ 'Ovvm|t'H�1 xmv}= x@ xHwD =@ "Zn:n >hr Wn:n xm s} Q=O 15 |x}[k R= "OvDUy i = 1; : : : ; nw H�1(Zn:n) >hr H�1(Wn:n) CQwY u}= QO 'CU= |rwRv Q}e 'H CU=Q Twmat"OwW|t C@=F �; CtUk`@=D "Zn:n >st Wn:n u}vJty w Zn:n >disp Wn:n xm O};|t CUOx@ 15 |x}[k R= �?xO=iDU= =@ "CU= DFR w |rwRv Q}e F uwJ 'CU= ?OLt w |rwRv Q}e H�1(x)=@ pO=at xm H�1(Zn:n) >disp H�1(Wn:n) xm OwW|t xH}Dv 6 C}Y=N R= '=yu}= R="CU= Xn:n >disp Yn:nc
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33 k-out-of-n |=ysDU}U w |oOvm =QB ?}DQD=yxrY=i u=}t |oOvm =QB ?}DQD 4O}vm ZQi w OW=@ F p=tDL= `} RwD `@=D =@ xDUw}B `} RwD R= |iO=YD |xvwtv Xn ': : : 'X1 O}vm ZQiOW=@ xOWp=tQv |xrY=i u}t=i 'Di:n = (n� i+ 1)(Xi:n �Xi�1:n) 'i = 1; : : : ; n 'i Qy |=Q@Qo = \ki w Qo = Ov=`} RwDsy w pkDUt Dn:n ': : : 'D1:n |iO=YD |=yQ}eDt "X0:n � 0 u; QO xm|=yxrY=i x=ou; 'OW=@ (IFR) DFR 'F Qo = xm OvOQm C@=F �1966� u=WwQB w wrQ=@ "OW=@ |}=tv Fxm |Dr=L |=Q@ =Q xH}Dv u}= �1995� |v=tQm w Q=Jwm "OvDUy �|rwRv� |OwaY |iO=YD Qw]x@ xOWp=tQv"CU= xOt; Q} R QO xH}Dv u}= "OvO=O s}taD Q]N MQv ?}DQDx@ CU= DFR 'F'CQwY u}= QO "OW=@ DFR |a} RwD R= |iO=YD |=xvwtv 'Xn ': : : 'X1 O}vm ZQi 17 |x}[k'i = 1; : : : ; n� 1 'i |=Q@ �;Di:n 6hr Di+1:n: 'n > i w C@=F i |=Q@ �?Di:n+1 6hr Di:n:w pkDUt 'DFR |iO=YD |=yQ}eDt =@ Q_=vDt |=yxrY=i xm OvO=O u=Wv �1966� u=WwQB w wrQ=@?}DQD w Q]N MQv ?}DQD u=}t |x]@=Q x@ |mDt Oa@ |x}[k C=@F= "OvDUy DFR `} RwD |=Q=O `} RwDsy"CU= 17 |x}[k w |oOvm =QB'CQwY u}= QO "OW=@ DFR |a} RwD R= |iO=YD |=xvwtv 'Xn ': : : 'X1 O}vm ZQi 18 |x}[k'i = 1; : : : ; n� 1 'i Qy |=Q@ �;Di:n 6disp Di+1:n: 'n > i w C@=F i |=Q@ �?Di:n+1 6disp Di:n:l} �inter-occurrence� |r=wDt |=yO=ONQ |v=tR |=yxrY=i |=Q@ |y@=Wt G}=Dv �1996c� Q=Jwm"OQw; CUOx@ uoty=v uwU=wB Ov}=Qip�=Ut |=yxU}=kt R= 18 w 17 |=}=[k R= |t}taD xm =Q Q} R |rm |xH}Dv �1999� Q=Jwm w |Or=N"OvOwtv C=@F= CU= |=xvwtvwO74 c
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|Or=N u}Or=<=y@ 34`} RwD =@ X |ivt=v |iO=YD Q}eDt R= |iO=YD |=xvwtv 'Xn ': : : 'X1 O}vm ZQi 19 |x}[k"OW=@ =yXi =@ Q_=vDt p=tQv |xrY=i u}t=i 'Ui:n = (n� i+ 1)(Xi:n �Xi�1:n) w F |xDUw}Bw G |xDUw}B `} RwD =@ Y |ivt=v |iO=YD Q}eDt R= |iO=YD |=xvwtv Ym ': : : 'Y1 O}vm ZQi u}vJty=Hu}= QO "OW=@ =yYj =@ Q_=vDt p=tQv |xrY=i u}t=j 'Vj:m = (m � j + 1)(Yj:n � Yj�1:m)'n� i > m� j w i 6 j |=Q@ x=ou; 'OW=@ DFR 'G =} w Y 6st X Qo = "X0:n = Y0:m � 0Ui:n 6disp Vj:m:|=yQDt=Q=B =@ |}=tv pkDUt |iO=YD |=yQ}eDt |=yxrY=i |xU}=kt |xr�Ut �1996� Q=wQm w Q=Jwm"OvO=O Q=Qk xar=]t OQwt =Q umtt hrDNt'i Qy |=Q@ xm |Qw]x@ OvW=@ |}=tv pkDUt |iO=YD |=yQ}eDt Xn ': : : 'X1 O}vm ZQi 20 |x}[k'i Qy |=Q@ xOW p=tQv |xrY=i u}t=i 'Di:n w �i Q]N MQv =@ |}=tv `} RwD |=Q=O Xi 'i = 1; : : : ; nMQv =@ |}=tv `} RwD R= |iO=YD |=xvwtv R}v X�n ': : : 'X�1 O}vm ZQi u}vJty "OW=@ i = 1; : : : ; nx=ou; "OW=@ i = 1; : : : ; n 'i |=Q@ xOW p=tQv |xrY=i u}t=i R}vD�i:n w � =Pni=1 �in lQDWt Q]N'i = 2; : : : ; n |=Q@ �;D�i:n 6disp Di:n;(�1; �2) < (��1 ; ��2)) D2:2(��1 ; ��2) 6disp D2:2(�1; �2): �?'hrDNt |=yQDt=Q=B =@ |}=tv |=yQ}eDt uOw@ pkDUt Cr=L QO xm OvOR TOL �1996� Q=wQm w Q=Jwm|=Q@ =Q u; �2001� Q=Jwm w |Or=N "CU= Q=QkQ@ Di:n 6hr Di+1:n |x]@=Q i = 1; : : : ; n� 1 |=Q@xm |Dr=L QO =yu; ?}DQD u}O@ "OvOQm C@=F 'OvW=@ Q@=Q@ =yQDt=Q=B R= |m} RHx@ xty xm |Y=N Cr=LQwO .lD |}=tv pOt Cr=L u}= x@ "OvOQm C@=F =Q =yu; TOL '�n = �� w �1 = � � � = �n�1 = �"s}} wo|t (�; ��) QDt=Q=B =@ xO=Di==@ xO=Di= QwO .lD |}=tv pOt R= ' Xn ': : : 'X1 O}vm ZQi ��2001� Q=Jwm w |Or=N� 21 |x}[kQo = "OW=@ (�2; ��2) |=yQDt=Q=B =@ xO=Di= QwO .lD |}=tv |rOt R= 'Yn ': : : 'Y1 w (�1; ��1) |=yQDt=Q=B(21) ��1 < ��2 < �2 < �1 w ��1 + (n� 1)�1 = ��2 + (n� 1)�2'i = 1; : : : ; n |=Q@ x=ou;D(1)i:n >hr D(2)i:n w D(1)i:n >disp D(2)i:n ;c
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(2005) J. Stat. Res. Iran 2



|Or=N u}Or=<=y@ 36nential and geometric random variables. J. Multivariate Anal. 48, 157-167.Boland, P.J.; Shaked, M.; Shanthikumar, J.G. (1998). Stochastic ordering of order statistics.In N. Balakrishnan and C.R. Rao, eds, Handbook of statistics 16 - Order statistics: Appli-cations. Elsevier, New York, 89-103.Bon, J.L.; Paltanea, E. (1999). Ordering properties of convolutions of exponential randomvariables. Lifetime Data Anal. 5, 185-192.David, H.A.; Groenveld, R.A. (1982). Measures of local variation in a distribution: Expectedlengths of spacings and variances of order statistics. Biometrika 69, 227-232.Deshpande, J.V.; Kochar, S.C. (1982). Some competitors of the Wilcoxon-Mann-Whitneytest for the location alternative. J. Indian Statist. Assoc. 20, 9-18.Deshpande, J.V.; Kochar, S.C. (1983). Dispersive ordering is the same as tail ordering. Adv.in Appl. Probab. 15, 686-687.Deshpande, J.V.; Mehta, G.P. (1982). Inequality for the in�mum of PCS for heavy taileddistributions. J. Indian Statist. Assoc. 19, 19-25.Dharmadhikari, S.; Joeg-dev, K. (1988). Unimodality, Convexity and Applications. Aca-demic press, INC. New York, London.Doksum, J. (1969). Star-shaped transformations and the power of rank test. Ann. Math.Statist. 40, 1167-1176.Dykstra, R.; Kochar. S.C.; Rojo, J. (1997). Stochastic comparisons of parallel systems ofheterogeneous exponential components. J. Statist. Plann. Inference 65, 203-211.Khaledi, B.; Kochar, S.C. (1999). Stochastic orderings between distributions and their samplespacings-II. Statist. Probab. Lett. 44, 161-166.Khaledi, B.; Kochar, S.C. (2000a). On dispersive ordering between order statistics in one-sample and two-sample problems. Statist. Probab. Lett. 46, 257-261.Khaledi, B.; Kochar, S.C. (2000b). Some new results on stochastic comparisons of parallelsystems. J. Appl. Probab. 37, 1123-1128.Khaledi, B.; Kochar, S.C. (2001). Stochastic properties of spacings in a single-outlier expo-nential model. Probab. in Engrg. Inform. Sci. 15, 401-408.Kochar, S.C. (1996a). Dispersive ordering of order statistics. Statist. Probab. Lett. 27,271-274.Kochar, S.C. (1996b). A note of dispersive ordering of record values. Calcutta Statist. Assoc.Bull. 46, 63-67.Kochar, S.C. (1996c). Some results on interarrival times of nonhomogeneous Poisson pro-c
(2005) J. Stat. Res. Iran 2 71



37 k-out-of-n |=ysDU}U w |oOvm =QB ?}DQDcesses. Probab. Engrg. Inform. Sci. 10, 75-85.Kochar, S.C. (1999). Stochastic orderings between distributions and their sample spacings.Statist. Probab. Lett. 44, 161-166.Kochar, S.C.; Kirmani, S.N.U.A. (1995). Some new results on normalized spacings fromrestricted families of distributions. J. Statist. Plann. Inference 46, 47-57.Kochar, S.C.; Korwar, R. (1996). Stochastic orders for spacings of heterogeneous exponentialrandom variables. J. Multivariate Anal. 57, 69-83.Kochar, S.C.; Rojo, J. (1996). Some new results on stochastic comparisons of spacings fromheterogeneous exponential distributions. J. Multivariate Anal. 59, 272-281.Lehmann, E.L. (1955). Ordered families of distributions. Ann. Math. Statist. 26, 399-419.Lehmann, E.L.; Rojo, J. (1992). Invariant directional orderings. Ann. Statist. 20, 2100-2110.Lewis, T.; Thompson, J.W. (1981). Dispersive distribution and the connection betweendispersivity and strong unimodality. J. Appl. Probab. 18, 76-90.Marshall, A.W.; Olkin, I. (1979). Inequalities: Theory of Majorization and Its Applications.Academic Press, New York.Pledger, P. And Proschan, F. (1971). Comparisons of order statistics and of spacings fromheterogeneous distributions. In Optimizing Methods in statistics. Academic Press, NewYork, 89-113. ed. Rustagi, J.S.Proschan, F.; Sethuraman, J. (1979). Stochastic comparisons of order statistics from het-erogeneous populations, with applications in reliability. J. Multivariate Anal. 6, 608-616.Rojo, J.; He, G.Z. (1991). New Properties and characterizations of dispersive ordering.Statist. Probab. Lett. 11, 365-372.Sathe, Y. (1984). Dispersive ordering of distributions. Adv. in Appl. Probab. 16, 692.Saunders, I.W.; Moran, P.A.P. (1978). On quantiles of the gamma and F distributions. J.Appl. Probbb. 15, 426-432.Shaked, M. (1982). Dispersive ordering of distributions. J. Appl. Probbb. 19, 310-320.Shaked, M.; Shanthikumar, J.G. (1994). Stochastic Orders and their Applications. AcademicPress, San Diego, CA.Yanagimoto, T.; Sibuya, M. (1976). Isotonic tests for spread and tail. Ann. Inst. Statist.Math. 28, 329-342. 1384 Qyt 27 %Ci=} QO1385 CWy@}OQ= 6 %KqY= u} QN;70 c
(2005) J. Stat. Res. Iran 2



|Or=N u}Or=<=y@ 38'swra |xOmWv=O 'Q=t; xwQo'|R=Q x=oWv=O'x=Wv=tQm"u=Q}= |Or=N u}Or=<=y@'|[=} Q swra |xOmWv=O 'Q=t; xwQo'|DWy@ O}yW x=oWv=O"u=Q}= 'u=QyDbkhaledi@hotmail.com :Q=ovs=}B

c
(2005) J. Stat. Res. Iran 2 69


