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Q@ xat=H |=ylOvJ |=Q@ `} RwDO=R; u=v}t]= |=yxR=@|=xvwtvOvJ KQ] l} QO u}ov=Qm |=yxQ=t; T=U=xv=DU; ?}]N xQ=y@ w |OtL= QiaH w �x=wNtRQ |i]YtOyWt |UwOQi x=oWv=OQO xm OW=@ i = 1; : : : ; k 'F�i `} RwD R= |iO=YD |=xvwtv Xini ': : : 'Xi1 O}vm ZQi "xO}mJw OvW=@ sy R= pkDUt =yxvwtv O}vm ZQi u}vJty "�i > 0 w CU= xDUw}B ,=kr]t `} RwD `@=D F u;u}}aD "OvW=@ i = 1; : : : ; k 's=i |xvwtv =@ Q_=vDt st}v}t w st}Um =t ?}DQD x@ M 0i;ni w Mi;nihOy q=@ |=yxQ=t; R= |a@=wD R= xO=iDU= =@ F |xat=H |=ylOvJ |=Q@ `} RwDO=R; u=v}t]= |=yxR=@|=yxR=@ 'Cr=L Qy QO w xDiQo Q=Qk |UQQ@ OQwt hrDNt |=yCr=L QO xr�Ut "CU= xr=kt u}= |rY="CU= xOW x@U=Lt Q_v OQwt u=v}t]=p=tDL= &lOvJ &Twmat Q]N MQv `@=D &u=v}t]= |xR=@ &u}ov=Qm |@}DQD |=yxQ=t; "|O}rm u=oS=w"F� pOt &VWwB

xtOkt 1`} RwD s=p |x@DQt lOvJ CQwY u}= QO "OW=@ F (x) `} RwD `@=D =@ |iO=YD Q}eDt l} X O}vm ZQi|xrO=at=v QO xm x Ovv=t |OOa u} QDlJwm R= CU= CQ=@a 'OwW|t xO=O u=Wv �p =@ xm X |iO=YD Q}eDt"C=@D=mt Q=OxOya |xOvU} wv �
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xv=DU; ?}]N xQ=y@ w |OtL= QiaH w x=wNtRQ |i]Yt 40|va} &Ovm jOY F (x) > p�p = inffx : F (x) > pg:|w=UD QO xm x Ovv=t CU= |OOa u; `} RwD s=p |x@DQt lOvJ x=ou; 'OW=@ xDUw}B |iO=YD Q}eDt l} Qo ==yu; R= |a@=wD w =ylOvJ "CU= xat=H |xv=}t � 12 'p = 12 X=N Cr=L QO "Ovm jOY F (x) = p"OQ@ Q=m x@ `} RwD l} |oOvm =QB w |v=mt |=yQ=}at uDN=U |=Q@ u=wD|t =Qs}v=wD|t OW=@ swrat=v QDt=Q=B OvJ =} l} Q}O=kt \ki w swrat Q_v OQwt `} RwD |a@=D pmW x=oQy"s}yO s=Hv= xat=H `} RwD |a@=D pmW T=U= Q@ =Q ZQi uwtR; w |=xR=@ |=yQoOQw;Q@ '|=x]kv |=yQoOQw;Q@|=yVwQ x@ xm s}vm xO=iDU= |vwvi R= O}=@ w CU= swrat=v xat=H `} RwD |a@=D pmW p�=Ut QDV}@ QO =t=QO |U=U= Vkv ?DQt |=yxQ=t; 'OvW=@ Q=}DN= QO C=Oy=Wt |xty x=oQy "OviwQat `} RwDO=R; =} |QDt=Q=B=vO} w}O w �1992� u=Q=mty w OrwvQ; '�1980� nv}riQU "Ovvm|t =i}= =ylOvJ |xQ=@ QO \=@vDU= =@ \=@DQ=\=@vDU= p�=Ut QO |@}DQD |=yxQ=t; C}ty= x@ xm OvDUy |iwQat |=y?=Dm xrtH R= �2003� =H=Q=o =v w"Ov=xDN=OQB =ylOvJ w \w@ QtxHwD OQwt =yOQwmQ T=U= Q@ `} RwDO=R; \=@vDU= XwYN QO |O=} R C=k}kLD Q}N= |=yp=U QO=Q =DU=Q u}= QO xOW s=Hv= |=yQ=m |xawtHt �2003� CH=B w |Dqwo "CU= xDiQo Q=Qk u=QoWywSBu=v}t]= |=yxR=@ �2004 '2005� u=vW} Qm q=@ w |OtL= '�2003� |t=kQ= w |OtL= "Ov=xOwtv |Qw;`tHQO |O=} R |=yxr=kt =t= "Ov=xOQw; CUO x@ =Q xat=H |=ylOvJ |=Q@ |OQwmQ |=yxQ=t; T=U= Q@ `} RwDO=R;=ylOvJ x@ \w@ Qt `} RwDO=R; ZQi |=yuwtR; w u=v}t]= |=yxR=@ QO ?DQt |=yxQ=t; R= xO=iDU= |xv}tRu=U w wR '�1981� T=Qov}r w |D=U '�1976� |mUwQm x@ u=wD|t xrtH u; R= xm CU= xO}UQ A=J x@"Owtv xQ=W= �2006� Ov=BWO w lQ=DRw= w �2005� |mUv}r} R '�2000� uJ '�2000�=yu; u} QDnQR@ =} u} QDlJwm \ki w OvwW|tv C@F =yxO=O |xty xm OvQ=O OwHw |O=} R OQ=wt =t=pFt &OwW|t s=Hv= Cw=iDt |=yxQwO QO |W}=tR; xm O} Q}o@ Q_v QO =Q |Dr=L "OvDUy C}ty= R�=L|DaQU C=k@=Ut QO =} CU= C}ty= R�=L �=yxO=O st}Um =t� x@DQ u} QDq=@ \ki =yu; QO xm |tra C=k@=Utsy w st}v}t sy CU= umtt R}v |y=o "OW=@|t xHwD OQwt �C=Oy=Wt st}v}t� u=tR u} QDsm =yu; QO xmpw] QO =wy |=tO u} QDu}}=B w u} QDq=@ Ovv=t &OvW=@ xOW C@F |r=wDt |=yxQwO QO C=Oy=Wt st}Um =t'|r=wDt |=yxvwtv QO u}ov=Qm |=yxQ=t; R= xO=iDU= =@ s}v=wD@ xm ẁ[wt u}= 'u}= Q@ =v@ "x=t l} =} xDiy l}"CU= C}ty= R�=L 's}yO s=Hv= =Q x}=B |xat=H |xQ=@ QO \=@vDU= w |Q=t; p}rLDi = 1; : : : ; k 'ni |xR=Ov= x@l} Qy xvwtv k u; QO xm s}vm|t KQ]t =Q |Q}oxvwtv R=|LQ] xr=ktu}= QO|=yxQ=t; R= xO=iDU= =@ TBU w OvwW|t G=QNDU= F Ovv=t x}=B |xat=H l} R= sy R= pkDUt Qw]x@ wc
(2005) J. Stat. Res. Iran 2 67
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41 |=xvwtvOvJ KQ] l} QO u}ov=Qm |=yxQ=t; T=U= Q@ xat=H |=ylOvJ |=Q@ `} RwDO=R; u=v}t]= |=yxR=@xHwD "s}vm =O}B |=xR=@ QoOQw;Q@ F |xat=H |=ylOvJ |=Q@ =D s}vm|t |aU =yxvwtv u}= QO u}ov=Qmx}=B |xat=H CU= umtt |iQ] R= w OvwW|t G=QNDU= x}=B |xat=H R= u=tR pw] QO =yxvwtv xm OwWQ@ ZQi |va} &s}yO u=Wv F�i CQwYx@ =Q C=Q}}eD u}= O}vm ZQi "Ovm Q}}eD |mOv= pqN u}= QOxat=H |x}=B `} RwD u=ty F u; QO xm OwW|t G=QNDU= Fi = F�i `} RwD R= s=i |xvwtv xm CU= u}=u}= "CU= x}=B |xat=H Q]N MQv `@=D Q@=Q@ �i 's=i |xvwtv Twmat Q]N MQv `@=D `k=w QO "CU=l} pt=W F� pOt "CU= hwQat ?U=vDt Twmat Q]N MQv pOt =} F� pOt x@ =yxr=kt QO pOtpmW x@ Yn |atHD `} RwD `@=D xm CU= pkDUt |iO=YD |=yQ}eDt R= fYn; n > 1g |y=vDt=v |xr=@vOF� KQ] l} u=wvax@ pOt u}= x@ �1990� hwQRv "OW=@|t �(n) > 0 'Fn(y) = fF (y)g�(n)A=J x@ pOt u}= |iO=YD |=y?}DQD XwYN QO |O=} R |=yxr=kt Q}N= |=yp=U QO "CU= xOwtv xQ=W="Owtv xQ=W= �2004� Q=Jwm w |Or=N x@ u=wD|t xrtH R= 'CU= xO}UQCr=L QO x}=B |xat=H |=ylOvJ |=Q@ |=xR=@ QoOQw;Q@ |x@U=Lt =OD@= xr=kt u}= QO =t |rY= hOy"CU= X=N Cq=L x@ xOt; CUO x@ G}=Dv s}taD TBU w |@}DQD |=yxQ=t; T=U= Q@ F� pOt |rm|=yxR=@ u}}aD x@ swU VN@ QO "s} R=OQB|t |Q=R@= sr OvJ u=}@ x@ swO VN@ QO =OD@= xr=kt u}= QOVN@ QO TBU w s} R=OQB|t =yxvwtv st}Um =t T=U= Q@ xat=H s=p |x@DQt lOvJ |=Q@ `} RwDO=R; u=v}t]=st}v}t sy w st}Um =t sy 'sHvB VN@ QO "s}yO|t s=Hv= =yxvwtv st}v}t T=U= Q@ =Q Q=m u}ty sQ=yJCUO x@ G}=Dv Q}UiD x@ 'sWW VN@ QO s=Hv=QU "s} Q@|t Q=m x@ u=v}t]= |=yxR=@ u}}aD QO =Q =yxvwtv"s} R=OQB|t u}W}B |=yVN@ QO xOt;|U=U= sr OvJ 2`@=D F u; QO xm OW=@ i = 1; : : : ; k 'F�i `} RwD R= |iO=YD |=xvwtv Xini ': : : 'Xi1 O}vm ZQiw Mi;ni w OvW=@ sy R= pkDUt =yxvwtv O}vm ZQi u}vJty "�i > 0 w CU= |=xDUw}B ,=kr]t `} RwDQ@ |aU xr=kt u}= QO "OvW=@ i = 1; : : : ; k 's=i |xvwtv =@ Q_=vDt st}v}t w st}Um =t ?}DQDx@ M 0i;ni|=xR=@ QoOQw;Q@ 'F |va} &|rY= |xat=H |=ylOvJ |=Q@ 'xOW |iQat |=yxQ=t; R= xO=iDU= =@ =D s} Q=O u;OvJ ?r=k QO =Q \w@ Qt |=ypwtQi |x@U=Lt |=Q@ sRq Q=R@= R= |NQ@ hOy u}= |=DU=Q QO "s}vm x@U=Lt"s}vm|t u=}@ =yu; C=@F= uwO@ 'sr`@=D w F |xDUw}B `} RwD `@=D =@ `} RwDsy w pkDUt |iO=YD |=yQ}eDt Xn ': : : 'X1 O}vm ZQi 1 srx@ |=xvwtv QO ?DQt |xQ=t; u}t=i |xOvyO u=Wv 'Xi:n O}vm ZQi u}vJty "OvW=@ f p=tDL= |r=oJ66 c
(2005) J. Stat. Res. Iran 2
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xv=DU; ?}]N xQ=y@ w |OtL= QiaH w x=wNtRQ |i]Yt 42R= CU= CQ=@a Xn:n w X1:n s-=wD p=tDL= |r=oJ `@=D CQwY u}= QO "OW=@ xat=H u}= R= n |xR=Ov=fX1:n;Xn:n(x; y) = n(n� 1)f(x)f(y)fF (y)� F (x)gn�2:xm |Qw]x@ OvW=@ `} RwDsy=v =t= sy R= pkDUt |iO=YD |=yQ}eDt 'i = 1; : : : ; n 'Xi O}vm ZQi 2 srCQwY u}= QO "OW=@ Fi `} RwD `@=D |=Q=O XiP (Xi:n 6 x) = nXr=iXAr rYs=1FXts (x) nYs=r+1 �FXts (x);t1 < � � � < tr xmCU= n ': : : '1 O=Oa= R= (t1; : : : ; tn) |=yCWo}=H s=tD |wQ ẁtHt Ar u; QO xm"tr+1 < � � � < tn w`} RwD |=Q=O F (X) CQwY u}= QO "OW=@ F |xDUw}B `} RwD |=Q=O X |iO=YD Q}eDt O}vm ZQi 3 sr"CU= (0; 1) |xR=@ |wQ xDUw}B CN=wvm}|xR=Ov= x@ |=xvwtv QO ?DQt |xQ=t; u}t=r =@ `} RwDsy Ur:n = F (Xr:n) '1 sr C=[wQit CLD 4 sr"CU= (0; 1) |xR=@ |wQ xDUw}B CN=wvm} `} RwD R= n=yxvwtv st}Um =t T=U= Q@ u=v}t]= |=yxR=@ 3'=yxvwtv st}Um =t T=U= Q@ '�p = F�1(p) '|rY= |xat=H s=p |x@DQt lOvJ |=Q@ VN@ u}= QO|=Q@ Qo = xm OwW xHwD =OD@= "OQ=Ov |oDU@ xat=H `} RwD x@ xm s}vm|t =O}B |=xR=@ QoOQw;Q@ '=yMi;ni3 sr x@ =v@ xH}Dv QO "Mi;ni � F�ini x=ov; Xij � F�i 'j = 1; : : : ; ni w i = 1; : : : ; kP (Mi;ni 6 �p) = PfMi;ni 6 F�1(p)g= PfF (Mi;ni) 6 pg= PfF�ini(Mi;ni) 6 p�inig= p�ini :c
(2005) J. Stat. Res. Iran 2 65
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43 |=xvwtvOvJ KQ] l} QO u}ov=Qm |=yxQ=t; T=U= Q@ xat=H |=ylOvJ |=Q@ `} RwDO=R; u=v}t]= |=yxR=@CU= Q} R u=v}t]= ?} Q[ |=Q=O '�i 6= j 'j w i� Cw=iDt st}Um =t wO Q@ |vD@t u=v}t]= |xR=@ 'u}= Q@ =v@P (Mi;ni 6 �p 6Mj;nj ) = P (Mi;ni 6 �p)P (Mj;nj > �p)= p�ini(1� p�jnj );(1)Mi;ni > Mj;nj CU= umtt =t= "CU= xOt; CUO x@ =yxvwtv uOw@ pkDUt C}Y=N R= pw= |w=UD xms}v=wD|t Cr=L u}= QO "Ow@ Oy=wN |vat|@ �p |=Q@ (Mi;ni ;Mj;nj ) u=v}t]= |xR=@ CQwY u}= QO xmCQwY u}= QO xm s} Q}o@ Q_v QO Mij1 6 Mij2 CQwYx@ =Q Mi;ni w Mj;nj |xOW?DQt |=yxQ=t;R= CU= CQ=@a u=v}t]= ?} Q[P (Mij1 6 �p 6Mij2) = P (Mi;ni 6 �p 6Mj;nj ) + P (Mj;nj 6 �p 6Mi;ni)= P (Mi;ni 6 �p)P (Mj;nj > �p)+ P (Mj;nj 6 �p)P (Mi;ni > �p)= p�ini(1� p�jnj ) + p�jnj (1� p�ini):(2)xm s}vm ?DQt |Qw] =Q i = 1; 2; : : : ; k '=yMi;ni =OD@= u=ty R= s}DUv=wD|t q=@ pmWt `iQ |=Q@ =t='i < j u; QO xm (Mi:k;Mj:k) uDiQo Q_v QO =@ CQwY u}= QO "M1:k 6M2:k 6 : : : 6Mk:k2 sr x@ =v@ \w@ Qt u=v}t]= ?} Q[ '|rY= |xat=H s=p |x@DQt lOvJ |=Q@ |v=v}t]= |xR=@ u=wvax@R= CU= CQ=@aP (Mi:k 6 �p 6Mj:k) = P (Mi:k 6 �p)� P (Mj:k 6 �p)= j�1Xr=iXAr pPrs=1 nts�ts kYs=r+1(1� pnts�ts );(3) "CU= xOW h} QaD 2 sr QO Ar u; QO xm"OvwW|t xO=U Q} R CQwYx@ X=N Cq=L QO �3� w �2� \@=wQ 1 |xH}DvQO 'ni = n w �i = 1 s}W=@ xDW=O 'i = 1; : : : ; k 'i |=Q@ xm O} Q}o@ Q_v QO =Q |Dr=L �;CQwY u}=(4) P (Mij1 6 �p 6Mij2) = 2pn(1� pn)64 c
(2005) J. Stat. Res. Iran 2
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xv=DU; ?}]N xQ=y@ w |OtL= QiaH w x=wNtRQ |i]Yt 44w(5) P (Mi:k 6 �p 6Mj:k) = j�1Xr=i �kr�pnr(1� pn)k�r ;"�kr� = k!r!(k�r)! u; QO xm:CQwY u}= QO "�i = 1ni 's}W=@ xDW=O 'i = 1; : : : ; k 'i |=Q@ xm O}vm ZQi �?(6) P (Mij1 6 �p 6Mij2) = 2p(1� p) w(7) P (Mi:k 6 �p 6Mj:k) = j�1Xr=i �kr�pr(1� p)k�r:x=ou; 'n� =Pki=1 ni u; QO xm �i = n�ni 'i = 1; : : : ; k |=Q@ Qo = �G(8) P (Mij1 6 �p 6Mij2) = 2pn�(1� pn�) w(9) P (Mi:k 6 �p 6Mj:k) = j�1Xr=i �kr�prn�(1� pn�)k�r:#s}vm ?=NDv= xvwoJ =Q ?wr]t j w i :p=-wU'xOW xO=O lOvJ |x@DQt w �0 u=v}t]= ?} Q[ |=Q@ xm s}vm ?=NDv= |=xvwox@ O}=@ =Q j w i xm CU= K[=w�0 |xR=Ov= x@ pk= OL u; VWwB p=tDL= xm |Qw]x@ OW=@ pw] u} QDx=Dwm |=Q=O \w@ Qt u=v}t]= |xR=@P (Mi:k 6 �p 6 Mj:k) Q=Okt �G� w �?� '�;� |=yCr=L R= l} Qy QO xm OwW|t x_Lqt "OW=@=v@ xm s}vm u}}aD |Qw] =Q j w i s}v=wD|t Cr=L Qy QO w OwW|t x@U=Lt |=xrtHwO `} RwD l} T=U= Q@R= QDnQR@ =} w P (Mij1 6 �p 6 Mij2) R= QDnQR@ P (Mi:k 6 �p 6 Mj:k) OwHwt C}@ wr]t x@'Ovm|t pk= OL =Q j� i xm |@=NDv= w CU}v =Dm} j w i?=NDv= =t= "OW=@ �0 |xOW u}}aD V}B R= p=tDL=l} C(r; k)pr(1 � p)k�r |=xrtHwO p=tDL= sQH `@=D s}v=O|t |iQ] R= "OUQ|t Q_v x@ ?U=vtuOw@ swrat =@ `@=D u}= xm CU= kp =@ |w=Ut =} QDlJwm K}LY Q=Okt u} QDnQR@ '[kp] Ot =@ |OtlD `@=DO}=@ 's}UQ@ j� i pk= OL x@ s}y=wN@ Qo = 'u}= Q@ =v@ "O@=}|t Vy=m TBU w V}=Ri= [kp] OwOL =D p w kxHwD "s}UQ@ ?wr]t C}a[w x@ =D s}yO V}=Ri= =Q j � i G} QOD x@ w s}vm ẁQW [kp] x@ l}ORv j w i =@c
(2005) J. Stat. Res. Iran 2 63
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45 |=xvwtvOvJ KQ] l} QO u}ov=Qm |=yxQ=t; T=U= Q@ xat=H |=ylOvJ |=Q@ `} RwDO=R; u=v}t]= |=yxR=@CUO x@ j = k� i+ 1 ?=NDv= =@ j� i Q=Okt u} QDlJwm 'p = 0 5 xm |Dkw '�?� Cr=L QO xm OwW�0 Q_v OQwt u=v}t]= K]U x@ ,=k}kO (Mi:k;Mj:k) u=v}t]= |xR=@ ?=NDv= =@ CU= umtt |y=o "O};|t0 6 � 6 1 |=Q@ xm s}vm u}}aD |Qw] =Q (ML;MU ) pmW x@ |=xR=@ s}v=wD|t CQwY u}= QO "s}UQv"MU = (1� �)Mk�i+1:k + �Mk�i:k w ML = (1� �)Mi:k + �Mi+1:k s}W=@ xDW=O|=Q=O ?}DQDx@ (ML;MU ) w (Mi+1:k;Mk�i:k) '(Mi:k;Mk�i+1:k) |=yxR=@ O}vm ZQix@U=Lt Q} R |x]@=Q R= � w �0 2 [
i+1; 
i) CQwY u}= QO "OvW=@ �0 w 
i+1 '
i u=v}t]= ?}=Q["OwW|t� = (k � i)Ii+ (k � 2i)I ; I = 
i � �0
i � 
i+1 :=yxvwtv st}v}t T=U= Q@ u=v}t]= |=yxR=@ 4'=yM 0i;ni '=yxvwtv st}v}t T=U= Q@ '�p = F�1(p) '|rY= |xat=H s=p|x@DQt lOvJ |=Q@VN@ u}= QO'j = 1; : : : ; ni w i = 1; : : : ; k 'i |=Q@ Qo = xm OwW xHwD =OD@= "s}vm|t =O}B `} RwDO=R; |=xR=@ QoOQw;Q@st}v}t Q@ |vD@t u=v}t]= |xR=@ s}y=wN@ O}vm ZQi "M 0i;ni � 1� (1�F�i)ni x=ou; Xij � F�i=Q xQ=t; wO u}= |xOW ?DQt Cr=L u}= QO "s}yO Q=Qk |UQQ@ OQwt =Q �i 6= j 'j w i� Cw=iDt |xvwtv wOx@U=Lt Q} R CQwYx@ \w@ Qt u=v}t]= |xR=@ VWwB p=tDL= xm s}yO|t u=Wv M 0ij1 < M 0ij2 CQwYx@"OwW|tP (M 0ij1 6 �p 6M 0ij2) = P (M 0i;ni 6 �p 6M 0j;nj ) + P (M 0j;nj 6 �p 6M 0i;ni)= f1� (1� p�i)nig(1� p�j )nj+ f1� (1� p�j )njg(1� p�i)ni :(10)|=xR=@ QoOQw;Q@ l} u=wvax@ =Q xQ=t; wO M 01:k < M 02:k < � � � < M 0k:k |=yxQ=t; u}@ R= s}y=wN@ Qo = =t=R= CU= CQ=@a 2 sr x@ =v@ 'Q_v OQwt |xR=@ u=v}t]= ?} Q[ CQwY u}= QO 's} Q}o@ Q_v QO �p |=Q@(11) P (M 0i:k 6 �p 6M 0j:k) = j�1Xr=iXAr f1� (1� p�ts )nts g kYs=r+1(1� p�ts )nts ;"CU= xOW h} QaD 2 sr QO Ar u; QO xmq=@ \@=wQ 'ni = n w �i = 1 's}W=@ xDW=O i = 1; : : : ; k |=Q@ xm X=N Cr=L QO 2 |xH}Dv62 c
(2005) J. Stat. Res. Iran 2
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xv=DU; ?}]N xQ=y@ w |OtL= QiaH w x=wNtRQ |i]Yt 46"OvwW|t xO=U Q} R CQwYx@(12) P (M 0ij1 6 �p 6M 0ij2) = 2f1� (1� p)ng(1� p)n w(13) P (M 0i:k 6 �p 6M 0j:k) = j�1Xr=i �kr�f1� (1� p)ngr(1� p)n(k�r):w k |=yQDt=Q=B =@ |=xrtHwO `} RwD l} T=U= Q@ P (M 0i:k 6 �p 6M 0j:k) Q=Okt xm OwW|t x_LqtR}v VN@ u}= |=Q@ s}OQm u=}@ 3 VN@ QO xm =Q |@r=]t s=tD 'u}= Q@ =v@ w OwW|t x@U=Lt 1� (1� p)n"OvDUy s}taD p@=k=yxvwtv st}Um =t w st}v}t T=U= Q@ u=v}t]= |=yxR=@ 5Q@ xOt; CUO x@ u=v}t]= |=yxR=@ 'xr=kt u}= QO |UQQ@ OQwt |Q}oxvwtv KQ] QO xm OUQ|t Q_vx@ |k]vt|=ylOvJ |=Q@ =yxvwtv st}v}t Q@ |vD@t `=wv= w (p > 0 5) q=@ |=ylOvJ |=Q@ =yxvwtv st}Um =t T=U="OW Oy=wN p}rLD pYit Qw]x@ sWW VN@ QO ẁ[wt u}= xD@r= xm Ovvm pta QDy@ '(p 6 0 5) u}}=BR= s}yO|t K}HQD CQwY u}= QO xm s} Q=O Q=}DN= QO =Q =yxvwtv st}Um =t sy w st}v}t sy |y=o =t='|rY= |xat=H s=p |x@DQt lOvJ |=Q@ VN@ u}= QO "s}vm xO=iDU= xQ=t; wO Qy QO OwHwt C=aq]=st}Um =t sy w st}v}t sy xm s}vm|t =O}B `} RwDO=R; |=xR=@ QoOQw;Q@ |Qw] Q} RCr=L wO QO '�p = F�1(p)"OvW=@ QF-wt u; QO =yxvwtvsy R= pkDUt |=yst}Um =t w st}v}t T=U= Q@ OQw;Q@ 5 1R= 's}vm ?=NDv= Qo}O |=xvwtv R= =Q st}Um =t |xQ=t; w xvwtv l} R= =Q st}v}t |xQ=t; Qo = Cr=L u}= QO'u}= Q@ =v@ "OvDUy sy R= pkDUt R}v Q_v OQwt |=yxQ=t; =Pr 'OvW=@|t sy R= pkDUt =yxvwtv xm |}=Hu;CU= Q} R u=v}t]= ?} Q[ |=Q=O i 6= j '(M 0i;ni ;Mj;nj ) CQwYx@ |v=v}t]= |xR=@P (M 0i;ni 6 �p 6Mj;nj ) = P (M 0i;ni 6 �p)P (Mj;nj > �p)= f1� (1� p�i)nig(1� p�jnj ):(14)c
(2005) J. Stat. Res. Iran 2 61
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47 |=xvwtvOvJ KQ] l} QO u}ov=Qm |=yxQ=t; T=U= Q@ xat=H |=ylOvJ |=Q@ `} RwDO=R; u=v}t]= |=yxR=@Cr=L u}= QO " M 0i;ni > Mj;nj |va} 'OyO MQ swU VN@ x@=Wt |rmWt R}v =Hv}= QO CU= umtt =t=Mj;nj |xOW ?DQt |=yxQ=t; Qo = p=L "Ow@ Oy=wN |vat|@ �p |=Q@ (M 0i;ni ;Mj;nj ) u=v}t]= |xR=@x=ou; 's} Q}o@ Q_vQO Vij1 > Vij2 CQwYx@ =Q M 0i;ni wP (Vij1 6 �p 6 Vij2) = P (M 0i;ni 6 �p 6Mj;nj ) + P (Mj;nj 6 �p 6M 0i;ni)= P (M 0i;ni 6 �p)P (Mj;nj > �p)+ P (Mj;nj 6 �p)P (M 0i;ni > �p)= f1� (1� p�i)nig(1� p�jnj ) + p�jnj (1� p�i)ni :(15)u=v}t]= ?} Q[ 'ni = n w �i = 1 's}W=@ xDW=O i = 1; : : : ; k |=Q@ xm X=N |Dr=L QO 3 |xH}Dv"OwW|t xO=U Q} R CQwYx@ �15� |x]@=Q QO OwHwt(16) P (Vij1 6 �p 6 Vij2) = f1� (1� p)ng(1� pn) + pn(1� p)n:xDU@=w |=yst}Um =t w st}v}t T=U= Q@ OQw;Q@ 5 2QO "s}W=@ xOQm ?=NDv= xvwtv l} R= =Q st}Um =t w st}v}t |xQ=t; wO Qy xm O} Q}o@ Q_v QO =Q |Dr=L|=xvwtv st}Um =t Mi;ni O}vm ZQi "OvDUy xDU@=w sy x@ =yxQ=t; u}= xm CU= |y}O@ CQwY u}=x@ xHwD =@ CQwY u}= QO "OW=@ xvwtv u=ty st}v}t M 0i;ni w F�i |xat=H R= ni |xR=Ov= x@ |iO=YDw M�ni = F�i(Mi;ni) '4 sr w CU= xOt; 4 w 3 |=yVN@ QO ?}DQDx@ xm 'xOW O=} |=yxQ=t; `} RwD`} RwD R= ni |xR=Ov= x@ |iO=YD |=xvwtv st}v}t w st}Um =t =@ `} RwDsy ?}DQDx@ M 0�ni = F�i(M 0i;ni)x@ =v@ �p |=Q@ (M 0i;ni ;Mi;ni) CQwYx@ |v=v}t]= |xR=@ VWwB p=tDL= 'u}= Q@ =v@ "OvDUy U(0; 1)"OwW|t x@U=Lt Q} R CQwYx@ 1 srP (M 0i;ni 6 �p 6Mi;ni) = P (M 0i;ni 6 F�1(p) 6Mi;ni)= PfF�i(M 0i;ni) 6 p�i 6 F�i(Mi;ni)g= P (M 0�ni 6 p�i 6M�ni)60 c
(2005) J. Stat. Res. Iran 2
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xv=DU; ?}]N xQ=y@ w |OtL= QiaH w x=wNtRQ |i]Yt 48= Z p�i0 Z 1p�i ni(ni � 1)(y � x)ni�2 dy dx= Z p�i0 Z 1p�i fM 0 �ni ;M�ni (x; y) dy dx= 1� p�ini � (1� p�i)ni :(17)?} Q[ 'ni = n w �i = 1 's}W=@ xDW=O 'i = 1; : : : ; k 'i |=Q@ xm |Y=N Cr=L QO 4 |xH}Dv"OwW|t x@U=Lt Q} R CQwYx@ q=@ u=v}t]=(18) P (M 0i;n 6 �p 6Mi;n) = 1� pn � (1� p)n:|Q}oxH}Dv w EL@ 6QO =Q st}Um =t w st}v}t |=yxQ=t; Vkv 'u}W}B |=yVN@ QO xOW u=}@ ?r=]t x@ xHwD =@ VN@ u}= QOOL =D w xOwtv XNWt 'F |va} &|rY= |xat=H |=ylOvJ |=Q@ `} RwDO=R; |=yu=v}t]= |xR=@ uOQm =O}B?r=k QO =Q OwN ?r=]t "Ovvm|t pta QDy@ =yu; R= ẁv s=Om '|ak=wt xJ QO xm s}vm|t u}}aD u=mt=u=}@ p}YiD x@ 'ni = n w �i = 1 s}W=@ xDW=O 'i = 1; : : : ; k 'i |=Q@ xm X=N |Dr=L QO xH}Dv OvJ"s}vm|t`@=D h} QaD =@ w �12� w �4� \@=wQ x@ xHwD =@ 5 |xH}Dvh(p) = P (Mij1 6 �p 6Mij2)� P (M 0ij1 6 �p 6M 0ij2);| v a } &C U= uQ= k D t (0 5; 0) |x ] k v x @ C @ U v ` @= D u }= x m Ow W| t x _ Lq t'p > 0 5 Qo = 'u}= Q@ =v@ "h(p) > 0 'p > 0 5 |=Q@ |iQ] R= w h(0 5 + p) = �h(0 5� p)xm O=O u=Wv u=wD|t x@=Wt Qw]x@ " P (Mij1 6 �p 6Mij2) > P (M 0ij1 6 �p 6M 0ij2) x=ou;x=ou; 'p < 0 5 Qo = w P (Mi:k 6 �p 6Mi:k) > P (M 0i:k 6 �p 6M 0i:k) x=ou; 'p > 0 5 Qo =T=U= Q@ |=xR=@ QoOQw;Q@ x=ou; 'p > 0 5 Qo = Cr=L u}= QO '|va} &OW Oy=wN Zwa q=@ |Q@=Q@=v CyH|=xR=@ QoOQw;Q@ x=ou; 'p < 0 5 Qo = w CU= |QDV}@ u=v}t]= ?} Q[ |=Q=O Cw=iDt |xvwtv wO st}Um =tOQw;Q@ QO =Pr 'h(0 5) = 0 xm OwW xHwD u}vJty "CU= QDy@ Cw=iDt |xvwtv wO st}v}t T=U= Q@"OvQ=O u=Um} |Q=DiQ Cw=iDt |xvwtv wO st}Um =t w st}v}t '�0 5 '|va} &xat=H |xv=}tc
(2005) J. Stat. Res. Iran 2 59
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49 |=xvwtvOvJ KQ] l} QO u}ov=Qm |=yxQ=t; T=U= Q@ xat=H |=ylOvJ |=Q@ `} RwDO=R; u=v}t]= |=yxR=@C@Uv f(p) = P (Vij1 6 �p 6 Vij2) `@=D xm OwW|t x_Lqt �16� |x]@=Q x@ xHwD =@ 6 |xH}Dv=D p V}=Ri= =@ `@=D u}= |iQ] R= "f(0 5+ p) = f(0 5� p) '|va} &CU= uQ=kDt p = 0 5 \N x@|xat=H s=p |x@DQt lOvJ |=Q@ u=v}t]= |xR=@ 'u}= Q@ =v@ "O@=}|t Vy=m TBU w V}=Ri= p = 0 5?} Q[ |=Q=O 'p = 0 5 x@ l}ORv Q}O=kt |=Q@ Qo}O |=xvwtv st}Um =t w xvwtv l} st}v}t T=U= Q@ F"CU= |QDV}@ u=v}t]='=yxvwtv st}Um =t sy w st}v}t sy uDW=O =@ xm s} R=OQB|t ?r]t u}= K} QWD x@ 9 w 8 '7 G}=Dv QO"CU= QD?wr]t =yu; ẁv s=Om R= xO=iDU=`@=D h} QaD =@ w �16� w �4� \@=wQ x@ xHwD =@ 7 |xH}Dvg(p) = P (Vij1 6 �p 6 Vij2)� P (Mij1 6 �p 6Mij2);|=Q@ w g(p) > 0 '0 < p < np0 5 |=Q@ |iQ] R= "g( np0 5) = 0 xm OwW|t x_Lqt|=xR=@ QoOQw;Q@ u}}aD Qw_vtx@ x=ou; '0 < p < np0 5 Qo = 'u}= Q@ =v@ "g(p) < 0 ' np0 5 < p < 1Qo = xm |r=L QO 's}vm|t xO=iDU= Qo}O |=xvwtv st}Um =t w xvwtv l} st}v}t R= u=mt= CQwY QO '�p |=Q@q=@ Qw_vt x@ uO}UQ |=Q@ pkDUt |xvwtv wO |=yst}Um =t R= s}yO|t K}HQD x=ou; ' np0 5 < p < 1"OvQ=O |v=Um} Q=DiQ q=@ |xNUv wO p = np0 5 |=Q@ u}vJty "s}}=tv xO=iDU=`@=D h} QaD =@ w �16� w �12� \@=wQ x@ xHwD =@ '7 |xH}Dv x@=Wt 8 |xH}Dvu(p) = P (Vij1 6 �p 6 Vij2)� P (M 0ij1 6 �p 6M 0ij2);|=Q@ w u(p) < 0 '0 < p < 1� np0 5 |=Q@ |iQ] R= "u(1� np0 5) = 0 xm OwW|t x_Lqtu}}aD Qw_vt x@ x=ou; '1 � np0 5 < p < 1 Qo = 'u}= Q@ =v@ "u(p) > 0 '1 � np0 5 < p < 1's}vm|t xO=iDU= Qo}O |=xvwtv st}Um =t w xvwtv l} st}v}t R= u=mt= CQwY QO '�p |=Q@ |=xR=@ QoOQw;Q@|=Q@ pkDUt |xvwtv wO |=yst}v}t R= s}yO|t K}HQD x=ou; '0 < p < 1 � np0 5 Qo = xm |r=L QO"OvQ=O u=Um} |Q=DiQ q=@ |xNUv wO p= 1� np0 5 |=Q@ u}vJty "s}vm xO=iDU= q=@ Qw_vt x@ uO}UQ"s}vm|t u=}@ QD|rm Cr=L QO =Q 8 w 7 G}=Dv R= |k}irD 9 |xH}Dv QO uwvm =st}Um =t =} w st}v}t R= xO=iDU= ^=Lr R= |D}OwOLt xm |DQwY QO '8 w 7 G}=Dv x@ xHwD =@ 9 |xH}Dv:s}vm|t pta Q} R VwQ x@ �p |=Q@ |=xR=@ QoOQw;Q@ u}}aD Qw_vtx@ x=ou; 's}W=@ xDW=Ov =yxvwtv' np0 5 < p < 1 xm |DQwY QO w pkDUt |xvwtv wO |=yst}v}t R= x=ou; '0 < p < 1� np0 5 Qo =Qo}O |=xvwtv st}Um =t w xvwtv l} st}v}t R= CQwY u}= Q}e QO w pkDUt |xvwtv wO |=yst}Um =t R="s}vm|t xO=iDU=58 c
(2005) J. Stat. Res. Iran 2
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xv=DU; ?}]N xQ=y@ w |OtL= QiaH w x=wNtRQ |i]Yt 50|xR=Ov= x@ P (Vij1 6 �p 6 Vij2) Q=Okt OwW|t x_Lqt �18� w �16� \@=wQ x@ xHwD =@ 10 |xH}Dvsy R= pkDUt |=yst}Um =t w st}v}t '|va} &CU= QDV}@ P (M 0i;n 6 �p 6Mi;n) R= 2pn(1� p)n"Ovvm|t pta =yu; |xDU@=w ẁv R= QDy@'k hrDNt Q}O=kt |=Q@ xm s}vm u}}aD |Qw] =Q j w i s}v=wD|t �5� |x]@=Q QO 11 |xH}DvMaple Q=Ri=sQv 8 |xNUv R= xO=iDU= =@ =Q Q}O=kt u}= "OW=@ QDV}@ 0 95 R= P (Mi:k 6 �p 6Mj:k)"s}=xOQw; 1 pwOH QO =Q u; G}=Dv w xOwtv x@U=Lt k = 10; 20 w n = 5 'p = 0 85; 0 9 |=Q@
hrDNt k w p 'n |=Q@ j w i ?wr]t Q}O=kt "1 pwOH(p; k; n) i j(0 85; 10; 5) = 1 > 8= 2 > 9(0 90; 10; 5) 6 2 > 9= 3 = 10(0 85; 20; 5) 6 5 > 14(0 90; 20; 5) 6 5 > 166 6 i 6 8 > 17

'k hrDNt Q}O=kt |=Q@ xm s}vm u}}aD |Qw] =Q j w i s}v=wD|t �7� |x]@=Q QO 12 |xH}DvMaple Q=Ri=sQv 8 |xNUv R= xO=iDU= =@ =Q Q}O=kt u}= "OW=@ QDV}@ 0 95 R= P (Mi:k 6 �p 6Mj:k)"s}=xOQw; 2 pwOH QO =Q u; G}=Dv w xOwtv x@U=Lt k = 10; 20 w p = 0 25; 0 5; 0 6; 0 75 |=Q@"CU= Q=QkQ@ |=xvwtv |xR=Ov= Qy |=Q@ =Pr w OQ=Ov |oDU@ xvwtv |xR=Ov= x@ �7� |x]@=Q xm OwW xHwD
c
(2005) J. Stat. Res. Iran 2 57
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51 |=xvwtvOvJ KQ] l} QO u}ov=Qm |=yxQ=t; T=U= Q@ xat=H |=ylOvJ |=Q@ `} RwDO=R; u=v}t]= |=yxR=@hrDNt k w p |=Q@ j w i ?wr]t Q}O=kt "2 pwOH(p; k) i j(0 50; 10) 6 2 > 9(0 60; 10) 6 2 > 9= 3 = 10(0 50; 20) 6 6 > 15(0 60; 20) 6 8 > 17(0 25; 20) = 1 > 9= 2 > 10(0 75; 20) 6 11 > 19 QmWD w Q}OkD"Ovvm|t QmWD w Q}OkD 'OW `k=w QF-wt xr=kt Ow@y@ QO xm sQDLt u=Qw=O C=Q_v w C=O=yvW}B R= xr=kt u=oOvU} wv=y`HQtArnold, B.C.; Balakrishnan, N.; Nagaraja, H.N. (1992). A First Course in Order Statistics.Wiley, New York.Ahmadi, J.; Arghami, N.R. (2003). Nonparametric con�dence and tolerance interval fromrecord values data. Statist. Papers, 44, 455-468.Ahmadi, J.; Balakrishnan, N. (2004). Con�dence intervals for quantiles in terms of recordrange. Statist. Probab. Lett., 68, 395-405.Ahmadi, J.; Balakrishnan, N. (2005). Distribution-free con�dence intervals for quantile in-tervals based on current records. Statist. Probab. Lett., 75, 190-202.Chen, Z. (2000). On ranked-set sample quatiles and their applications. J. Statist. Plann.Inference, 83, 125-135.David, H.A.; Nagaraja, H.N. (2003). Order Statistics. third edition, Wiley, New York.Gulati, S.; Padgett, W.J. (2003). Parametric and Nonparametric Inference from Record-Breaking Data. Lecture Notes in Statistics, 172, Springer, New York.Khaledi, B.; Kochar, S. (2004). Ordering convolutions of gamma random variables. Sankhya,66, 466-473.56 c
(2005) J. Stat. Res. Iran 2
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