
6RQ\D�$WDQDVRYD�+DG]KLHYD

$SSOLFDWLRQ�RI�&ODVVLFDO�,QHTXDOLWLHV

7KLV�SDSHU� LV�GHYRWHG� WR� WKH�DSSOLFDWLRQ�RI�FODVVLFDO� LQHTXDOLWLHV� LQ�DOJHEUDLF
SUREOHPV��7KH�WKHRUHWLFDO�EDFNJURXQG�FRQVLVWV�RI�IRUPXODWLRQV�RI�YDULRXV�IXQGD�
PHQWDO�LQHTXDOLWLHV�VXFK�DV�&DXFK\±V��-HQVHQ±V��&KHE\VKHY±V��HWF��$SSOLFDWLRQ�RI
WKHVH�PHWKRGV�LV�LQFOXGHG�LQ�WKH�VHFRQG�SDUW�ZKHUH�VRPH�2O\PSLF�VW\OH�SUREOHPV
DUH�VWDWHG�DQG�SURYHG��7KH�PDLQ�JRDO�RI�WKH�VWXG\�LV�WR�REWDLQ�D�SDUWLDO�FODVVLIL�
FDWLRQ�RI�FODVVLFDO�LQHTXDOLWLHV�LQ�RUGHU�WR�VKRZ�KRZ�WKHLU�XVDJH�OHDGV�WR�FHUWDLQ
VLPSOLFLW\�LQ�SURYLQJ�LQHTXDOLWLHV�

���,QWURGXFWLRQ
/HDUQLQJ�WR�SURYH�LQHTXDOLWLHV�LV�QRW�DQ�HDV\�WDVN�WR�DFKLHYH��,W�LV��LQ

PRVW�FDVHV��D�YHU\�GHPDQGLQJ�DQG�JUXHOLQJ�ZRUN��7UHPHQGRXV�HIIRUWV�
JUHDW�H[SHULHQFH�DQG�D�ELW�RI�OXFN�DUH�UHTXLUHG�WR�WDFNOH�HYHQ�D�VLPSOH�
ORRNLQJ�LQHTXDOLW\��8QOLNH�PRVW�SDUWV�RI�PDWKHPDWLFV��WKHUH�LVQ±W�D�XQLYHU�
VDO�ZD\�RI�GHDOLQJ�ZLWK�WKLV�W\SH�RI�SUREOHPV�

<HW��D�YDULHW\�RI�PHWKRGV�H[LVWV��ZLWKRXW�D�VLQJOH�FOXH�WR�SRLQW�RXW
ZKHQ�DQG�ZKLFK�RI�WKHP�VKRXOG�EH�XVHG��)XUWKHUPRUH��LQ�HDFK�SDUWLFXODU
FDVH�WKHUH�LV�D�VWURQJ�SUREDELOLW\�WKDW�IDLOXUH�WR�XVH�WKH�PRVW�VXLWDEOH
PHWKRG�ZLOO�OHDG�WR�IDLOXUH�WR�VROYH�WKH�SUREOHP�LWVHOI��7KHUHIRUH��D�YLWDO
FULWHULRQ�LV�QHHGHG�WR�OHDG�WKH�VROYHU�WR�WKH�FRUUHFW�PHWKRG�

2QH�RI�WKH�PRVW�XVHIXO�PHWKRGV�IRU�SURYLQJ�LQHTXDOLWLHV�LV�EDVHG�RQ
FODVVLFDO�LQHTXDOLWLHV��7KH\�DUH�FDOOHG�FODVVLFDO��EHFDXVH�WKH\�DUH�XVXDOO\
KHOSIXO�LQ�SURYLQJ�YDULRXV�W\SHV�RI�LQHTXDOLWLHV��

$OPRVW�DOO�LQHTXDOLWLHV�VWDWHG�LQ�WKH�SDSHU�DUH�WUXH�IRU�DQ\�QRQQHJD�
WLYH�UHDO�QXPEHUV��ZKLFK�LV�D�ILUP�UHDVRQ�IRU�WKHLU�XQLYHUVDO�XVH�DQG�DS�
SOLFDWLRQ��$V�D�PDWWHU�RI�IDFW��MXVW�WKH�GHILQLWLRQ�®FODVVLFDO¯�LV�DQ�HYLGHQFH
RI�WKHLU�ZLGH�DSSOLFDELOLW\�

6RQ\D�$WDQDVRYD
+DG]KLHYD��%XOJDULD�
6RILD��/\XOLQ��EO������
(Q����'���6RILD�+LJK
6FKRRO�RI�0DWKHPDWLFV

=%251,.�5$'29$����� *267,��• �����



���7KHRUHWLFDO�EDFNJURXQG
����� ,QHTXDOLWLHV� EHWZHHQ� KDUPRQLF� PHDQ�� JHRPHWULF� PHDQ�
DULWKPHWLF�PHDQ�DQG�URRW�PHDQ�VTXDUH�[�]

$V�LW�LV�ZHOO�NQRZQ�IRU�WKH�QRQQHJDWLYH�QXPEHUV�[���[���…��[Q�WKH
IROORZLQJ�LQHTXDOLWLHV�DUH�IXOILOOHG�

KDUPRQLF�������������JHRPHWULF�����DULWKPHWLF�������URRW�PHDQ
PHDQ��+0������������PHDQ��*0����PHDQ��$0�����VTXDUH��506�

(TXDOLW\�KROGV�ZKHQ�[��=�[��=�…�=�[Q�
�����&DXFK\�6FKZDU]�LQHTXDOLW\�[�]

,I�D���D���…��DQ�DQG�E���E���…��EQ�DUH�UHDO�QXPEHUV�DQG�Q�LV�D�QDWXUDO
QXPEHU��WKHQ�WKH�LQHTXDOLW\�

(D���+�D���+�…+�DQ�)�(E���+�E���+�…+�EQ�)�³ �(D��E��+�D��E��+�…�+DQ�EQ)��

LV�YDOLG��(TXDOLW\�KROGV�ZKHQ�D�E��=�
D�
E��=�…�=�DQEQ��L��H��ZKHQ�D���D���…��DQ

DUH�SURSRUWLRQDO�WR�E���E���…��EQ��UHVSHFWLYHO\�
�����&KHE\VKHY±V�LQHTXDOLW\�[�]

,I�[��³ �[��³ �…�³ �[Q�³ ����\��³ �\��³ �…�³ �\Q�³ ����WKHQ�
[��+�[��+�…�+�[Q

Q �⋅�\��+�\��+�…�+�\Q
Q �≤�[�\��+[�\��+�…�+�[Q�\Q

Q
KROGV�WUXH�

,I�RQH�RI�WKH�DERYH�VHTXHQFHV�LV�UHYHUVHO\�RUGHUHG��WKHQ�WKH�RSSRVLWH
LQHTXDOLW\�LV�YDOLG��&KHE\VKHY±V�LQHTXDOLW\�FDQ�EH�JHQHUDOL]HG�IRU�PRUH
WKDQ� WZR� VHTXHQFHV�� (TXDOLW\� KROGV� ZKHQ� [��=�[��=�…�=�[Q� DQG
\��=�\��=�…�=�\Q�
�����<RXQJ±V�LQHTXDOLW\�[�]

,I�D��E��S�DQG�T�DUH�QRQQHJDWLYH�QXPEHUV�DQG��S�+�
�
T�=����WKHQ�WKH�IRO�

ORZLQJ�LQHTXDOLW\��

� � �
� � � �

� �

� �

��� ������� � ����
Q QQ Q

Q

[ [ [ [ [ [Q [ [ [ Q Q
[ [ [

� � � � � �d d d
� � �

�����• ��3(71,A.(�69(6.(��� '(2��,9



DS
S �+�E

T
T �³ �DE

LV�YDOLG��(TXDOLW\�LV�DFKLHYHG�ZKHQ�DS�=�ET�
�����+xOGHU±V�LQHTXDOLW\�[�]

)RU�HYHU\�WZR�VHTXHQFHV�RI�QRQQHJDWLYH�UHDOV�DL�DQG�EL��L�=�������…��Q��
(D�S�+�D�S�+…�+�DQS)�⁄S�(E�T�+�E�T�+…�+�EQT)�⁄T�³ �D�E��+�D�E��+�…�+�DQEQ

LV�IXOILOOHG��ZKHUH�S�DQG�T�VDWLVI\�WKH�FRQGLWLRQV��S�+��T�=����S�V\PERO!!A��
T�V\PERO!!A���(TXDOLW\�KROGV�ZKHQ�D�E��=�

D�
E��=�…�=�DQEQ�

�����0LQNRZVNL±V�LQHTXDOLW\�[�]
(D��S�+�D��S�+�…�+�DQ�S)�⁄S�(E��S�+�E��S�+�…�+�EQ�S)�⁄S�³ �

³ �((D��+�E�)�S�+�(D��+�E�)�S�+�…�+�(DQ�+�EQ)�S)
�⁄S

ZKHUH�S�³ ����(TXDOLW\�KROGV�LI�DQG�RQO\�LI�D�E��=�
D�
E��=�…�=�DQEQ��,I�S�<����WKH

RSSRVLWH�LQHTXDOLW\�LV�YDOLG�
�����-HQVHQ±V�LQHTXDOLW\�[�]

,I�\�=�I�([)�LV�D�FRQYH[�IXQFWLRQ�DQG�[���[���…��[Q�DUH�UHDO�QXPEHUV

DQG�α���α���…��αQ�DUH�DUELWUDU\�SRVLWLYH�QXPEHUV�ZLWK�∑�
L�=��

Q
αL�=����WKHQ�WKH

LQHTXDOLW\�

KROGV�WUXH��
(TXDOLW\�KROGV�LI�DQG�RQO\�LI�[��=�[��=�…�=�[Q�
$QRWKHU�XVHIXO�IRUPXODWLRQ�RI�-HQVHQ±V�LQHTXDOLW\�LV�WKH�IROORZLQJ�
,I�I�([)�LV�FRQYH[�LQ�WKH�LQWHUYDO�∆�DQG�[���[���…��[Q�∈ �∆��WKHQ��

I�










∑�SL�[L
∑�SL�










�≤�∑

�SL�I�([L)
∑�SL�

��ZKHUH�S���S���…��SQ�!��

7KHRUHP��,I�I�([)�LV�D�FRQWLQXRXV�IXQFWLRQ�LQ�WKH�LQWHUYDO�∆��I�′([)�DQG
I�′ ′([)�DUH�GHILQHG�RQ�∆�DQG�I�′′([)�³ ����WKHQ�I�([)�LV�FRQYH[�

� � � � � � � �� � � � � � � ���� ���Q Q Q QI [ [ [ I [ I [ I [D D D D D D� � � d � � �

=%251,.�5$'29$����� *267,��• �����



�����2QH�®EHDXWLIXO¯�LQHTXDOLW\�[�]
)RU�WKH�SRVLWLYH�UHDOV�D���D���…��DQ�DQG�E���E���…��EQ�≠����WKH�IROORZLQJ

LQHTXDOLW\�KROGV�WUXH
D��
E��+�

D��
E��+�…+�DQ

�
EQ�³ �

(D��+�D��+�…�+�DQ)�
E��+�E��+�…�+�EQ

ZLWK�HTXDOLW\�ZKHQ�D�E��=�
D�
E��=�…�=�DQEQ�

7KLV�LQHTXDOLW\�LV�FDOOHG�®EHDXWLIXO¯�EHFDXVH�LW�KHOSV�YHU\�RIWHQ�LQ
SURYLQJ�GLIIHUHQW�W\SHV�RI�SUREOHPV��

%HORZ��DQ�HDVLHU�SURRI��FI��[�]��RI�WKH�®EHDXWLIXO¯�LQHTXDOLW\�LV�SUH�
VHQWHG�XVLQJ�LQGXFWLRQ�

3URRI��:KHQ�Q�=����WKH�LQHTXDOLW\�UHGXFHV�WR�
D��
E��+�

D��
E��³ �

(D��+�D�)�
E��+�E� �|�⋅�E�E��(E��+�E��)�!��

$IWHU�PXOWLSO\LQJ�E\�WKH�SRVLWLYH�QXPEHU�E�E��E��E����ZH�REWDLQ�FRQ�
VHFXWLYHO\�

D���E��(E��+�E�)�+�D���E��(E��+�E�)�³ �(D��+�D�)���E��E��⇔�
⇔�D���E��E��+�D���E���+�D���E���+�D���E��E��³ �
³ �D���E��E��+��D��D��E��E��+�D���E��E��⇔

⇔�(D��E��−�D��E�)���³ ��
DQG�WKH�ODVW�LQHTXDOLW\�LV�REYLRXVO\�WUXH�

,I�WKH�VWDWHPHQW�LV�WUXH�IRU�Q�=�N�WKHQ�

7KH�ODVW�RQH�IROORZV�DIWHU�DSSO\LQJ�WKH�DERYH�DOUHDG\�SURYHG�VWDWH�
PHQW�IRU�Q�=����7KXV�WKH�LQHTXDOLW\�KROGV�WUXH�IRU�HYHU\�QDWXUDO�Q�

���$SSOLFDWLRQV
3UREOHP����,02�������6RXWK�.RUHD���
3URYH�WKDW� D

√ D��+���E�F �+�
E

√ E��+���F�D �+�
F

√ F��+���D�E �³ ����ZKHUH�D��E�DQG
F�DUH�DUELWUDU\�SRVLWLYH�UHDOV��
6ROXWLRQ����$0�*0�LQHTXDOLW\��[�]�

)LUVW��ZH�VKDOO�VKRZ�WKDW�

� � � �� �� � �� �
� � � � �� �� �

� � � � � � � � �

��� ������ ��� ���
N NN N N

N N N N N

D D D D D DD D DD D
E E E E E E E E E E E

�� �
� � �

� � � � � �� � � � t � t� � � � � �

�����• ��3(71,A.(�69(6.(��� '(2��,9



D
√ D��+���E�F �³ �

D�⁄�
D�⁄��+�E�⁄��+�F�⁄�

�
ZKLFK�LV�HTXLYDOHQW�WR�


D

�⁄��+�E�⁄��+�F�⁄� �³ �D
�⁄��(D��+��EF).

)URP�$0�*0�LQHTXDOLW\�LW�IROORZV

D

�⁄��+�E�⁄��+�F�⁄� �−�D
�⁄�


��=�E

�⁄��+�F�⁄�
 �D

�⁄��+�D�⁄��+�E�⁄��+�F�⁄�
 �³

³ ���E�⁄��F�⁄��⋅��D�⁄��F�⁄��E�⁄��=���D�⁄��EF
�
+HQFH��


D

�⁄��+�E�⁄��+�F�⁄�
 �³ �D

�⁄�

��+���D�⁄�EF�=�D�⁄�(D��+��EF)

)XUWKHU�� D
√ D��+��EF �³ �

D�⁄�
D�⁄��+�E�⁄��+�F�⁄���DQDORJRXVO\�

E
√ E��+��DF �³ �

E�⁄�
D�⁄��+�E�⁄��+�F�⁄��DQG�

F
√ F��+��DE �³ �

F�⁄�
D�⁄��+�E�⁄��+�F�⁄��KROGV�WUXH�

1RZ�LW�LV�HQRXJK�WR�VXP�XS�WKH�OHIW�DQG�WKH�ULJKW�KDQG�VLGHV�RI�WKH
ODVW�WKUHH�LQHTXDOLWLHV�WR�SURYH�WKH�SUREOHP�
6ROXWLRQ����&DXFK\�6FKZDU]�LQHTXDOLW\��[�]��

/HW�EH��

7KHQ�XVLQJ�&DXFK\�6FKZDU]�LQHTXDOLW\�LW�IROORZV�
(D�+�E�+�F)���≤�



D
√ D��+���E�F �+�

E
√ E��+���F�D �+�

F
√ F��+���D�E




�⋅

⋅�(D�√ D��+��EF�+�E�√ E��+��FD �+�F�√ F��+��DE ) ���
8VLQJ�DJDLQ�WKH�&DXFK\�6FKZDU]�LQHTXDOLW\��EXW�QRZ�ZLWKLQ�WKH�QXP�

EHUV�
[��=�√D ��\��=�√ D�(D��+��EF) ���[��=�√E ��\��=�√ E�(E��+��FD) �
[��=�√ F ��\��=�√ F�(F��+��DE) ��

,W�IROORZV�WKDW�

� �� �
� � � �� �� �

��
� ���

� � � � � � � �
� �

� � � �
�

D E[ \ D D EF [ \ E E DF
D EF E DF

F[ \ F F ED
F ED

  �   �
� �

  �
�

=%251,.�5$'29$����� *267,��• �����



7KHUHIRUH�WKH�SUREOHP�LV�UHGXFHG�WR�SURYLQJ�WKH�LQHTXDOLW\�
�D��+�E��+�F��+���DEF�≤�(D�+�E�+�F)� ���

ZKLFK�LV�HTXLYDOHQW�WR�D
�E�+�E�F�+�F�D�+�D�F�+�E�D�+�F�E

� �³ �DEF��
7KH�ODVW�LQHTXDOLW\�IROORZV�E\�GLUHFW�DSSOLFDWLRQ�RI�$0�*0�LQHTXDO�

LW\��7KXV�����LV�WUXH�
+HQFH��IURP����������DQG�����ZH�FRQFOXGH�WKDW�

7KHUHIRUH�� D
√ D��+���E�F �+�

E
√ E��+���F�D �+�

F
√ F��+���D�E �³ ���LV�VDWLVILHG�

(TXDOLW\�KROGV�ZKHQ�D��+��EF�=�E��+��FD�=�F��+��DE��D�E�=�E�F�=F�D�=
=�D�F�=�E�D�=�F�E�L��H��IRU�D�=�E�=�F�

3UREOHP����
3URYH�WKH�LQHTXDOLW\

ZKHUH�D���D���…��DQ�DUH�SRVLWLYH�QXPEHUV�
6ROXWLRQ����$0�*0�LQHTXDOLW\��

 

/HW ��ZKHUH�N�=����…��Q��
)LUVW��LW�ZLOO�EH�SURYHG�WKDW�WKH�IROORZLQJ�UHPDUNDEOH�LQHTXDOLW\�LV�YDOLG�

(N�+��)�($N�+���−�*N�+��)�³ �N�($N�−�*N) ���

'HQRWH
�

� ��,W�LV�HDVLO\�VHHQ�WKDW�

� � � � � �� � � �� ��� � � � � �� � � ��Z D EF E E DF F F DE D E F D E F DEF� � � � � d � � � � � �����

� �
� �

� � � �
� � �

�
� � �

�� � � � �
� � �

� � �

D E FD E F D D EF E E FD F F DE
D EF E FD F DE

D E F D E F
D EF E FD F DE

� � d � � � � � � � d
� � �

d � � � �
� � �

§ ·¨ ¸© ¹
§ ·¨ ¸© ¹

� ��� � � � � ���� ���QQ QD D D Q D D D D D� � � � t �

� ����NN N* D D D $N�=�(D��+�D��+�…�+�DN)�⁄�N���

� �N N[ D� � �N NJ *� 
�

��� ���
N

N N NN NN N N
N$ [$ * * [ J [N

�
��� �

�   �

�����• ��3(71,A.(�69(6.(��� '(2��,9



7KHUHIRUH�����FDQ�EH�H[SDQGHG�WR�[N�+���−�(N�+��)�JN[�+�NJN�+���³ ����7KH�ODW�
WHU�FDQ�EH�HDVLO\�SURYHG�DV�LW�LV�NQRZQ�WKDW�WKH�OHIW�KDQG�VLGH�LV�GLYLVLEOH
E\�([�−�J)��

[�([N�−�JN)�−�N�JN([�−�J)�=�([�−�J)�([N�+�[N�−��J�+�…�+�[JN�−���−�NJN)�=
=�([�−�J)��([N�−���+��[N�−��J�+��[N�−��J��+�…�+�(N�−��)�[JN�+�NJN)

7KXV��WKH�OHIW�KDQG�VLGH�LV�DOZD\V�SRVLWLYH�DQG�����LV�SURYHG��+HQFH�
Q�($Q�−�*Q)�³ �(Q�−��)�($Q�−���−�*Q�−��)�³ �…�³ ��($��−�*�)�=

=�D��+�D��−���√ D�D� �=�(√D� �−�√D� )
�

5HPDUN����7KLV�SURRI�FDQ�EH�GLUHFWO\�DSSOLHG�WR�REWDLQ�WKH�$0�*0
LQHTXDOLW\�

6ROXWLRQ����5HZULWLQJ�WKH�LQHTXDOLW\�LQ�WKH�IRUP

DQG�XVLQJ�WKH�$0�*0�LQHTXDOLW\�IRU�WKH�QXPEHUV�√ D��D� ��√ D��D� ��D���…
…��DQ�SURYHV�WKH�SUREOHP�

5HPDUN����(DFK�RI�WKH�DERYH�WZR�VROXWLRQV�VKRZV�WKDW�HTXDOLW\�LV
REWDLQHG�LII�D��=�D��=�…�=�DQ�=�√ D��D� �
3UREOHP�����,02�������&XED��[�]��

/HW�[���[���…��[Q�EH�UHDOV��VXFK�WKDW�[���+�[���+�…�+�[Q��=���LV�YDOLG��3UR�
YH�WKDW�IRU�HYHU\�QDWXUDO�QXPEHU�N�³ ����WKHUH�H[LVW�LQWHJHUV�D���D���…�DQ�
D���+�D���+�…�+�DQ�≠���� VXFK� WKDW� |DL|�³ �N�−��� IRU� L�=�������…��Q�DQG
|D�[��+�D��[��+�…�+�DQ�[Q|�≤�(N�−��)�√QN�Q�−�� �

3URRI��$SSO\LQJ�&DXFK\�6FKZDU]�LQHTXDOLW\��ZH�REWDLQ�

ZKHUH�DL�∈ �{ ������…��Q} �IRU�L�=�������…��Q��7KH�QXPEHU�RI�VXPV�RI�WKH
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,I�WKH�LQWHUYDO�LV�GLYLGHG�LQWR�NQ�−���HTXDO�SDUWV��DW�OHDVW�RQH�RI�WKHP
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L�=��

Q
|EL[L|���WKXV��

����






∑�
L�=��

Q
|EL[L|�−�∑�

L�=��

Q
|DL[L|







�≤�(N�−��)�√QNQ�−�� �⇒ �

⇒ �����






∑�
L�=��

Q
(|EL|�−�|DL|)�|[L|







�≤�(N�−��)�√QNQ�−��

/HW±V�GHILQH�WKH�QXPEHUV�FL��L�=�������…��Q��LQ�WKH�IROORZLQJ�ZD\��
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
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

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
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7KH�DERYH�LQHTXDOLW\�LV�UHGXFHG�WR�D
��

��≤�D�⋅�D���ZKLFK�LV�LQ�IDFW�DQ
HTXDOLW\�

(TXDOLW\�KROGV�LI�RQO\�LI�WKHUH�LV�HTXDOLW\�LQ�&DXFK\�6FKZDU]�LQHTXDO�
LW\��L��H��ZKHQ�D�E��=�

D�
E��=�

D�
E��=�

D�
E��=�

D�
E��=�[��RU�HTXLYDOHQWO\�
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,I�[�=������WKHQ�D�=�����[��=���DQG�������������LV�D�VROXWLRQ�
,I�[�=������WKHQ��D�=�����[��=���DQG�WKH�VROXWLRQ�LV�������������

3UREOHP���[�]�
/HW�[��\��]��S��T��U�EH�SRVLWLYH�UHDOV��VXFK�WKDW�[S\T]U�=���DQG�S�+�T�+

+�U�=����3URYH�WKH�LQHTXDOLW\�
S��[�
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�
�

3URRI��)LUVW��WKH�<RXQJ±V�LQHTXDOLW\�DQG�LWV�JHQHUDOL]DWLRQ�ZLOO�EH
SURYHG��EHFDXVH�LW�ZLOO�EH�QHFHVVDU\�WR�VROYH�WKH�SUREOHP��7KH�VWHSV�RI�WKH
SURRI�DUH�VHSDUDWHG�LQ�WKUHH�OHPPDV�

/HPPD����[α�−�α[�≤���−�α��ZKHUH�[�!��������α�����
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WKH�JUHDWHVW�YDOXH�RI�WKH�IXQFWLRQ�LQ�WKH�LQWHUYDO�������∞��⇒ �[α�−�α�[�≤�
≤���−�α�

/HPPD����Dα�Eβ�≤�α�D�+�β�E�KROGV�WUXH�ZKHUH�D��E��α��β�!���DQG
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LW�IROORZV�

Dα

Eα�−�α�⋅�DE�≤�β� �⋅�E�⇒ �Dα�E��−�α�≤�β�E�+�α�D�⇒
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
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1RZ�ZH�JR�EDFN�WR�WKH�VROXWLRQ�RI�3UREOHP����$SSO\LQJ�&DXFK\�

6FKZDU]�LQHTXDOLW\�IRU�WKH�QXPEHUV�
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ZKHUH�WKH�ODVW�LQHTXDOLW\�LV�REWDLQHG�E\�PHDQV�RI�/HPPD����6LQFH�S�+�T�+�
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