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 F QiYQ�e ��N 	��D l� Qo � CU� u�i� xLiYQ��
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�x	�	� � C Qy ��R�� �Q� R CU� u�i� xLiYQ�� l�
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xO�O Ctqa Q��eD O��� xm ���yxOv�t O�OaD u� QDtm R� CU� CQ��a rdepth��� Zn� Qo�O CQ��a

�OwW �R�Q��v � �D OvwW
V u�i� xLiYQ�� Qy xm CQwY u�O� �OwW�t u��� �	� x���Q Ovv�ty rdepth��� Zn�

u�Wv R�V � w L�V � �� �Q �yu� xm Ovm�t s�UkD xawtHt wO x� �Q C�Oy�Wt x ���i QO
��yxOv�t �� L�V � QO C�Oy�Wt O�OaD ��DQD x� L��V � w L��V � ��yxawtHt �s�yO�t
wO x� x��Wt Qw�� R�v R�V � �CU� �ivt ��yxOv�t �� L�V � QO C�Oy�Wt O�OaD w C�Ft

u��Q��v� �OOQo�t s�UkD R��V � w R��V � xawtHt

rdepth��� Zn� � min
V

�minfL��V � �R��V � � R��V � � L��V �g�

l� ��iQS uw�UQoQ x�U�Lt ��Q� �CU� x ���i QO u�i� ��yxLiYQ�� �xty pt�W V xm
��ysD� Qwor� �s�vm�t OwOLt V ��yxLiYQ�� R� �y�vDt ��xawtHt x� �Q wHDUH �VR�Q�

�OwW�t x��Q� Oa� pYi QO �iQS uw�UQoQ x�U�Lt ��Q� �U�vt
��Oa� p� xv�oOvJ Cr�L QO �va� 	�� x��k xDi�� s�taD Cr�L xm CU� QmP x� sRq
w Xi � �xi�� � � � � xi�p��� � Rp�� xm Zn � f�Xi� yi�	 i � 	� � � � � ng xm � v�tR
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� �R�Q��v R� �r�Ft �
 pmW

�Ovm�t �OH �ivt ��yxOv�t �� C�Oy�Wt R� �Q C�Ft ��yxOv�t

�CU� Q�QkQ� R�v OW�� � � ���� � � � � �p� � Rp

OW�� k OvQ�o Q�Qk � �wQ xm �D�Oy�Wt O�OaD Qo � 
VR�Q� 	 j�kO C�Y�N �� x��k
x�ov� �� � k � n xm �

k � rdepth�� � Zn� �
�
n� k

�

�
�rdepth��� Zn� � n s� Q�O k � n ��Q�

�
��iQS uw�UQoQ �Pr �OQPo�t xOy�Wt p pk�OL R� xW�tyL� xOvvmOQw�Q� xm �Hu� R� ��K��wD
xOvvmOQw�Q� ��Q�C�Y�N u�� u�vJty ��O�v��� �Q �	��
� �Qo�DU� w Or�itwr��CU� p pk�OL u�
��	��
h�UwQ�CU� Q�QkQ� �xOWKQ�th�UwQ xr�Uw x� xm �LTS� xDU�Q�B swO��yu�wDu� QDtm
Qo � Ck�kL QO �CU�v �R�Q��v RoQy �LS� swO ��yu�wD u� QDtm xOvvm OQw�Q� �� K��wD
TBU �n � �p w OW�� xDW�O pt�m x�DQ Xn � fx�� x�� ���� xng xm OW�� �DQwY x� Zn
� �rdepth��LS � Zn� � 	

p�t�Um �t ��iQS uw�UQoQ 


QO Rp R� ��xawtHt Q� R �OwW�t x��Q� Q� R x��k QO p�t�Um �t ��iQS uw�UQoQ ��Q� q�� ��yu�Qm
�OQ�ov Q�Qk �Oa� �p�	� u�i� ���iQ� R Qy QO xOy�Wt p R� QDW�� x�oQy OQ�O Q�Qk�twtaC�akwt
�� Bloom�eld and Steiger
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x�ov� �OvW�� �twta C�akwt QO �xi� yi� Qo � �� x��k

max
�

rdepth��� Zn� �
�
n� p

�

�
�

s� Q�O Zn � R
p xO�O xawtHt Qy ��Q� �� TOL

max
�

rdepth��� Zn� �
%

n

p� 	

&

uw�UQoQ u� QDiQS �

�CU� xOW h� QaD �Ovm�t xv�W�� �Q rdepth��� Zn� xm ���� u�wva� T �r uw�UQoQ u� QDiQS
uw�UQoQ x�U�Lt xr�Uw x� u�wD�t �Q T �r �CU� VR�Q� �u� QDpO�aDt T �r uw�UQoQ u� QDiQS

�OQw� CUO x� �OQPo�t xOy�Wt p u��t R� xm ���yVR�Q� �xty ��iQS
u� QDoQR� �� � VR�Q� R� CU� CQ��a T �r �Zn� uw�UQoQ u� QDiQS xOvvmOQw�Q� �� h� QaD

�va� ��iQS uw�UQoQ
T �r �Zn� � argmax

�
rdepth��� Zn�

��wvm� Cq�O�D ��Q� LTS w L� hqNQ� uw�UQoQ u� QDiQS �xv�oOvJ uw�UQoQ QO �� xHwD
�CU� �OQwsy �y

�� �Y � Q�N� u�W�t l� �UwD xv�y�t �iQYt Q�N� u�R�t u�� x���Q s�y�wN�t �� p�Ft
Q�Qk �UQQ� OQwt �Q �X�� x�t QO Q�m ��yRwQ O�OaD w �X�� C��yvQ�i x� xv�y�t ��tO �UwDt
x�� Ov�xOW xO�O u�Wv 	 pwOH QO xm CU� xOW �Qw�	tH xOy�Wt �� Qw�vt u�O� �s�yO�t

��OwW xaH�Qt �	���� �C�tU� w QB�QO
��iQS uw�UQoQ w xOQm OQw�Q� �Q �vw�UQoQ ���Q� �hrDNt �vw�UQoQ ��yVwQ R� xO�iDU� ��
xm OwW�t xO�O �CU� xOt� � pwOH QO G��Dv �s��xOQw� CUO x� �Q �yVR�Q� u�� R� l� Qy
xH�DvQO w OQ�O �yxOvvmOQw�Q� Q��U x� C�Uv �QDq�� ��iQS uw�UQoQ �uw�UQoQ u� QDiQS xOvvmOQw�Q�

�CU� VR�Q� u� QDpO�aDt

uw�UQoQ u� QDiQS �ov�y� X�wN �

�iQat �� u�vJty �s�vm�t u��� �Q uw�UQoQ u� QDiQS ���OQwsy X�wN R� ��a� VN� u�� QO
xm s�yO�t u�Wv �CQB ��kv Q��Q� QO xOvvmOQw�Q� �Q�O��B Q��at u�wvax� VR� QwQi Q�Okt uOQm

�CU� Q�wDU� �WwQ Q��at u�� x� xHwD �� uw�UQoQ u� QDiQS VwQ
�� Draper and Smith
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uw�UQoQ u� QDiQS ���OQwsy �
�

�CU� xOt� Q� R x��k QO jwi X�wN �UQQ�
u� QO xm Zn � f�Xi� Yi�	 i � 	� � � � � ng xO�O xawtHt ��
� x��k

Xi � �xi��� � � � � xi�p��� � R
p��

�s� Q�o�t Q�v QO �Q T �r �Zn� � argmax
�

rdepth��� Zn� uw�UQoQ u� QDiQS xOvvmOQw�Q� w
V �vwDU Q�OQ� Qy ��Q� �va� �CU� �OQwsy uw�UQoQ �uw�UQoQ u� QDiQS xOvvmOQw�Q� �a�

T �r �Z
�
n� � T �r �Zn� � V

T �r �Z
�
n� � argmax

�
rdepth��� Z �n� w Z �n � f�Xi� yi�XiV �	 i � 	� � � � � ng xm

C��F c Qy ��Q� �va� �CU� �OQwsy T��kt �uw�UQoQ u� QDiQS xOvvmOQw�Q� �b�

T �r �Z
�
n� � c T �r �Zn�

�c� T �r �Z �n� � argmax
�

rdepth��� Z �n� w Z �n � f�Xi� cyi�	 i � 	� � � � � ng xm

A xS� w�v 	� Qt T� QD�t Qy ��Q� �va� �CU� �OQwsy u�i� �uw�UQoQ u� QDiQS xOvvmOQw�Q�

T �r �Z
�
n� � A�� T �r �Zn�

�T �r �Z �n� � argmax
�

rdepth��� Z �n� w Z �n � f�XiA� yi�	 i � 	� � � � � ng xm

uw�UQoQ u� QDiQS �Q�wDU� �
�

x� �v� �CU� VR� QwQi Q�Okt �CQB ��kv Q��Q� QO xOvvm OQw�Q� �Q�O��B ��Q� hwQat Q��at l�
�CU� Q� R CQwY x� Tn xOvvmOQw�Q� Qy VR� QwQi Q�Okt ��	��
� �Q� wy w wy�v�O h� QaD

��n�Tn� Zn� � min

�
k

n
	 sup

Z�n
jjTn�Z �n�� Tn�Zn�jj � �

�
�� Zn x�wNrO xOy�Wt k Qy �v� Ro��H �� xOt� CUO� ��yxO�O xawtHt �xty pt�W Z �n xm
xOW p�O�D C�Oy�Wt R� �QUm u� QDmJwm �VR� QwQi Q�Okt u��Q��v� �CU� �Q��DN� Q�O�kt
xm CU� QmP x� sRq �Ovm hQLvt x�wNrO x� �Q xOvvmOQw�Q� Ov�wD�t xm CU� ���xOW VwWet�
�� Donoho and Huber

www.SID.ir


www.SID.ir

Arc
hive

 of
 S

ID

u�Q�� Q�t� Tv�Qivm u�tDiy � � � � � � � � � � � � � � � � � � � � � � � � � � ���
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x�ov� OvW�� �twta C�akwt QO �y xi �� Zn � R
p xO�O xawtHt Qy ��Q� �� TOL

��n�T
�
r � Zn� �

	
n

�%
n

p� 	

&
� p� 	

�
� 	

p� 	 ���

�Q�Okt u�� �CU� C�Ft xQ�wty uw�UQoQ u� QDiQS VR� QwQi Q�Okt xm Ovm�t u��� ��� x���Q
�wQ �yu� �Dkw �qFt OvW�� xS� w �OwN �rY� ��yxO�O xm OwW�t �

p�� u���B u�Qm �� Q��Q� �v�tR
�OvQ�o Q�Qk Qw�DWo �vLvt

��Ow t a xO� D i�QwO �� k v O v v� t y P i� v �� k v Q ��Q � QO uw �UQ oQ u � Q D iQS u ��Q �� v �
CQwY x � xOW h � Qa D L� uw�UQoQ R� Cw� i Dt uw�UQoQ u � Q DiQS xwqa � �CU� Q�wDU�

QiY L� VR� QwQi Q�Okt xm CU� QmP x� sRq �CU� L��Zn� � argmin
�

nX
i��

jri���j

�OW���t Pi�v ��kv Q��Q� QO u� �Q�PB��U� xH�Dv QO xm CU�

�yp�Ft �
s�yO�t u�Wv w xOQw� CUO� OwHwt ��yxO�O ��Q� �Q uw�UQoQ u� QDiQS xOvvmOQw�Q� VN� u�� QO
x�U�Lt �� xU��kt u�� �CU�iQS uw�UQoQ u� QDW�� ��Q�O Qo�O ��yxOvvmOQw�Q� �� xU��kt QO xm
x� �w� Qt xt�vQ� xm ���ytD� Qwor� R� Qw�vt u�O� �OQ�o�t s�Hv� �yxOvvmOQw�Q� ��iQS uw�UQoQ
C��U �w R� w CU� xOW xDWwv uQDQi �U� wvxt�vQ� u�� R w Splus Q�Ri�sQv R� xO�iDU� �� �yv�

�OOQo�t xO�iDU� �CU� �UQDUO p��k http
!!win�www�uia�ac�be!u!statis!

� p�Ft �
�
�CU� xOW �UQQ� lQw� w�v Cr��� QO xv�NOwQ �� �oOwr� u�R�t 	��� p�U QO j�kLD l� QO
�oOw r� �wQ Q � x v�NOwQ h�Q�� QO xO� i DU� OQwt ��yu�tR R� �w v Qy syU �UQQ � �hOy
�Q�oxR�O v� �sQo�r�t� uSwQD� v C�re u�o v� �t T�U�Q � �oOw r� u �� �CU�yx v�NOwQ ��
u��� Q� R QO �yu� �oOwr� u�R�t w �yxv�NOwQ h�Q�� QO xO�iDU� OQwt ��yu�tR �wv �OwW�t
��OwW xaH�Qt ���� ��u�Q�mty w�HQD�J x�� Ov�xOW xO�O u�Wv 
 pwOH QO �yxO�O �CU� xOW
�Q�y� s�vt pY�wi QO xm ���yxvwtv T�U�Q� �QD�r Q� sQo�r�t� uSwQD�v C�re u�ov��t �� Y

�CU� xOW xDiQo R���B ��yy�t w u�DU��D
�� Chatterjee and et al�
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���

�RQw�Wm ��Q� xO�iDU� OQwt u�tR CL�Ut OYQO ��RQw�Wm �� X�
�rovH u�tR OYQO ��rovH �� X�

CvwmU ��Q� xO�iDU� OQwt u�tR CL�Ut OYQO ��vwmUt �� X�
��DavY �� �Q�HD xO�iDU� OQwt u�tR CL�Ut OYQO ��DavY ��Q�HD �� X�

p�L u�a QO w Pi�v w xO�Di� QwO � w 
 C�Oy�Wt xm OwW�t xO�O jwi ��yxO�O �UQQ� ��
��kv u�� Q�F��D CLD Q� wy OQw�Q� w LAD �LS ��yVwQ xm OwQ�t Q��Dv� u��Q��v� �OvDUy QF�wt
uw�UQoQ u� QDiQS xOvvmOQw�Q� x� C�Uv �QDmJwm ��iQS uw�UQoQ x�Lqt p��k Qw�� w OvQ�o Q�Qk
w LAD �vw�UQoQ xOvvmOQw�Q� xm OwW�t XNWt 
 pwOH x� uOQm x�ov �� �OvW�� xDW�O
u� QDiQS xOvvmOQw�Q� uwJ �OvDUy 
 ��iQS uw�UQoQ ��Q�O w OvDUy sy x� l�ORv Q� wy OQw�Q�
x� w OQ�o�tv Q�Qk ��kv u�� Q�F��D CLD �Pr CU� Q�wDU� Pi�v w xO�Di�QwO ��kv x� C�Uv uw�UQoQ
�iQS uw�UQoQ u� QDW�� ��Q�O xmv�� x� xHwD �� �CU�yxO�O ��Q� �U�vt �WR�Q� xm OUQ�t Q�v

�CU� � �va�
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R� ew x� �x� �x� �x� xm s�vm�t O�rwD y � �	� � x� � �x� � ��x�����x� � e
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