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$EVW U DF W � ,W LV S U RY HG WK DW WK H FROOHFWLRQ RI DOO U HJX ODU LQ Y DU LDQ W VX E VS DFHV
RI WHQ VRU S U RG X FWV RI RS HU DWRU V LV D ODWWLFH� )X U WK HU FK DU DFWHU L]DWLRQ RI U HJX ODU
ODWWLFHV DU H FRQ VLG HU HG IRU LQ MHFWLY H RS HU DWRU V� 7 K H DS S U RDFK LV FDU U LHG RX W
N HHS LQ J S DFH Z LWK WK H U HVX OWV RQ LQ WU LQ VLF LQ Y DU LDQ W VX E VS DFHV RI G LU HFW VX P V�
H[ WHQ G LQ J WK HP WR U HJX ODU LQ Y DU LDQ W VX E VS DFHV RI WHQ VRU S U RG X FWV�

�� ,QW U RGXF W LRQ

/HW + EH D QRQ]HUR +LOEHUW VSDFH �HLWKHU pQLWH RU LQpQLWH�GLPHQVLRQDO� QRW QHF�
HVVDULO\ VHSDUDEOH�� /HW %>+@ GHQRWH WKH QRUPHG DOJHEUD RI DOO RSHUDWRUV RQ + �L�H��
%>+@ LV WKH QRUPHG DOJHEUD RI DOO ERXQGHG OLQHDU WUDQVIRUPDWLRQ RI + LQWR LWVHOI��
DQG OHW 1 �$� DQG 5�$� VWDQG IRU NHUQHO DQG UDQJH RI $ � %>+@� %\ D VXEVSDFH0
RI+ ZH PHDQ D FORVHG OLQHDU PDQLIROG RI+� ZKLFK LV QRQWULYLDO LI I�J � 0 � + �IRU
GLP+ ! ��� LQYDULDQW IRU DQ RSHUDWRU $ �$�LQYDULDQW� LI $�0� v 0� DQG UHGXFLQJ
IRU $ �RU0 UHGXFHV $� LI ERWK0 DQG0" DUH $�LQYDULDQW �ZKHUH0"  +k0
VWDQGV IRU WKH RUWKRJRQDO FRPSOHPHQW RI 0�� HTXLYDOHQWO\� LI 0 LV LQYDULDQW IRU
ERWK $ DQG $e �ZKHUH $e� %>+@ GHQRWHV WKH DGMRLQW RI $ � %>+@�� $Q RSHUDWRU
$ LV UHGXFLEOH LI LW KDV D QRQWULYLDO UHGXFLQJ VXEVSDFH� RWKHUZLVH LW LV FDOOHG LUUH�
GXFLEOH� ,I 0 LV $�LQYDULDQW� WKHQ OHW $M0 � %>0@ GHQRWH WKH UHVWULFWLRQ RI $ WR
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:H FRQVLGHU WKH FRQFHSW RI WHQVRU SURGXFW VSDFH LQ WHUPV RI WKH VLQJOH WHQVRU
SURGXFW RI WZR YHFWRUV DV D FRQMXJDWH ELOLQHDU IXQFWLRQDO RQ WKH &DUWHVLDQ SURGXFW
RI D SDLU RI QRQ]HUR +LOEHUW VSDFHV + DQG . �VHH� H�J�� >�@� >��@� >��@ DQG >��@� IRU
DQ DEVWUDFW DSSURDFK VHH� H�J�� >�@� >�@ DQG >��@�� 7KH VLQJOH WHQVRU SURGXFW RI D
SDLU RI YHFWRUV �[� \�� ZLWK [ LQ + DQG \ LQ . � LV D FRQMXJDWH ELOLQHDU IXQFWLRQDO
[n \ � +d . � & GHpQHG E\ �[n \� �X� Y�  K[ �XL K\ � YL IRU HYHU\ �X� Y� � +d . �
7KH WHQVRU SURGXFW VSDFH +n . LV WKH FRPSOHWLRQ RI WKH LQQHU SURGXFW VSDFH
FRQVLVWLQJ RI DOO �pQLWH� VXPV RI VLQJOH WHQVRUV [N n \N ZLWK [N � + DQG \N � . �
ZKLFK LV D +LOEHUW VSDFH ZLWK UHVSHFW WR WKH LQQHU SURGXFW
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VHH� H�J�� >�� 7KHRUHP ���� DQG 3URSRVLWLRQ ����@�� 7KH WHQVRU SURGXFW FRXQWHUSDUW
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VXEVSDFH RI +L� 2WKHUZLVH LW LV LUUHJXODU� 5HJXODU LQYDULDQW DQG UHGXFLQJ VXEVSDFHV
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1P

L �+L� ,I 5  
1P

L �0L DQG 5�  
1P

L �0
�
L DUH UHJXODU VXEVSDFHV

RI
1P

L �+L� WKHQ WKHLU LQI DQG VXS DUH JLYHQ E\ 5A5�  
1P

L �0L ?0�
L DQG

5B5�  
1P

L ��0L �0�
L�

b� ZKLFK OLH LQ 5/DW
b
1P

L �+L

c

� 7KXV� LQ WKLV VHQVH�

5/DW
b
1P

L �+L

c

LV VXEODWWLFH RI /DW
b
1P

L �+L

c

� 7KHUHIRUH� E\ LWV YHU\ GHpQLWLRQ�

5/DW
b
1P

L �$L

c

 5/DW
b
1P

L �+L

c

? /DW
b
1P

L �$L

c

�

VR WKDW� EHLQJ DQ LQWHUVHFWLRQ RI ODWLFHV� 5/DW
b
1P

L �$L

c

LV D ODWWLFH LWVHOI �DFWXDOO\�

D VXEODWWLFH RI /DW
b
1P

L �$L

c

��

�E� 1H[W REVHUYH E\ /HPPD ��D��� WKDW� LI HDFK $L LV LQMHFWLYH� WKHQ

5/DW
b
1P

L �$L

cs

I�J v
1P

L �/DW�$L�

�L�H�� IRU HYHU\ I�J � 5  
1P

L �0L LQ 5/DW
b
1P

L �$L

c

LW IROORZV WKDW 5 OLHV LQ
1P

L � /DW�$L��� &RQYHUVHO\� E\ /HPPD ��D��� ZH JHW WKDW
1P

L �/DW�$L� v 5/DW
b
1P

L �$L

cs

I�J v /DW
b
1P

L �$L

cs

I�J

�L�H�� LI I�J � 5  
1P

L �0L OLHV LQ
1P

L �/DW�$L�� WKHQ 5 OLHV LQ /DW
b
1P

L �$L

c

��
7KHUHIRUH� LI HDFK $L LV LQMHFWLYH� WKHQ

5/DW
b
1P

L �$L

cs

I�J  
1P

L �/DW�$L� v /DW
b
1P

L �$L

cs

I�J�

�F� )LQDOO\ VHW +L  C �� DQG $L  6 � IRU DOO L� ZKHUH 6 � LV WKH FDQRQLFDO XQLODWHUDO
VKLIW RI PXOWLSOLFLW\ � DFWLQJ RQ C �� � ZKLFK LV LQMHFWLYH DQG LUUHGXFLEOH� 5HFDOO WKDW
1P

L �6 � LV DJDLQ D XQLODWHUDO VKLIW� QRZ RI KLJKHU PXOWLSOLFLW\ DFWLQJ RQ
1P

L �C
�� �

WKH WHQVRU SURGXFW RI P FRSLHV RI C �� >�� 7KHRUHP �@� 6LQFH WKH PXOWLSOLFLW\ RI WKH
XQLODWHUDO VKLIW

1P
L �6 � LV JUHDWHU WKDQ �� LW LV UHGXFLEOH �LQ IDFW� WKH WHQVRU SURGXFW

RI P FRSLHV RI D LQMHFWLYH RSHUDWRU DOZD\V LV UHGXFLEOH >�� &RUROODU\ ��E�@� 7KXV�
VLQFH 6 � LV LQMHFWLYH DQG LUUHGXFLEOH� LW IROORZV E\ /HPPD ��D� WKDW DOO QRQWULYLDO
UHGXFLQJ VXEVSDFHV RI

1P
L �6 � DUH LUUHJXODU� 7KHUHIRUH�

1P
L �/DW�6 � �  5/DW

b
1P

L �6 �
cs

I�J ~ /DW
b
1P

L �6 �
cs

I�J�

ZKHUH WKH LQFOXVLRQ LV SURSHU�

([DPSOH �� $ WHQVRU SURGXFW $n% LV DQ LVRPHWU\ LI DQG RQO\ LI ERWK q$ DQG
qb�% DUH LVRPHWULHV IRU VRPH QRQ]HUR VFDODU q >��� 7KHRUHP ���@� D WHQVRU SURGXFW
$n% LV D XQLODWHUDO VKLIW LI DQG RQO\ LI $n%  9 n 6 � RU $n%  6 � n 9 ZKHUH
6 � LV D XQLODWHUDO VKLIW DQG 9 LV DQ LVRPHWU\ >�� /HPPD �@� /HW + DQG . EH LQpQLWH�
GLPHQVLRQDO +LOEHUW VSDFHV� DQG OHW 9 EH DQ LVRPHWU\ RQ D + DQG 6 � D XQLODWHUDO
VKLIW RI PXOWLSOLFLW\ � RQ . � VR WKDW 9 n 6 � LV D XQLODWHUDO VKLIW RI PXOWLSOLFLW\ JUDWHU
WKDQ � RQ +n . � WKXV UHGXFLEOH� 6LQFH LVRPHWULHV DUH LQMHFWLYH�

5/DW�9 n 6 � �QI�J  /DW�9 �n /DW�6 � �

E\ 7KHRUHP �� 7KHUHIRUH� LI 0 DQG 1 DUH QRQ]HUR VXEVSDFHV RI + DQG . � WKHQ
0n 1 LV �9 n 6 � ��LQYDULDQW LI DQG RQO\ LI0 LV 9 �LQYDULDQW DQG 1 LV 6 � �LQYDULDQW�
6LQFH 9 n 6 � LV UHGXFLEOH� 9 DQG 6 � DUH LQMHFWLYH� DQG 6 � LV LUUHGXFLEOH� /HPPD ��D�
HQVXUHV WKDW WKH WHQVRU SURGXFW 9 n 6 � LV UHGXFLEOH ZKRVH DOO QRQWULYLDO UHGXFLQJ
VXEVSDFHV DUH LUUHJXODU� VR WKDW0n 1 QHYHU UHGXFHV 9 n 6 � � 7KHQ HYHU\ QRQ]HUR

UHGXFLQJ VXEVSDFH 5 IRU 9 n 6 � LV LUUHJXODU � WKDW LV� 5  � 5/DW�9 n6 � �� 7KHUHIRUH�
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5 � /DW�9 n 6 � �Q/DW�9 �n /DW�6 � ��

�� $ ) XU W KHU & KDU DF W HU L] DW LRQ

/HW I+LJPL � DQG I. LJPL � EH pQLWH FROOHFWLRQV RI +LOEHUW VSDFHV� 7DNH WKH +LOEHUW
VSDFHV PDGH XS RI WKHLU RUWKRJRQDO GLUHFW VXP DQG RI WKHLU WHQVRU SURGXFW�

1P
L �+L

DQG
1P

L � . L� 7DNH $L � %>+L@ DQG %L � %>. L@� &RQVLGHU WKH GHpQLWLRQ RI ,/DW DQG
5/DW� DQG GHpQH ,5/DW DQG 5,/DW DV IROORZV�

,5/DW
b
/P

L �$L n%L

c

 
/P

L �

b

5/DW�$L n%L�QI�J
c

DQG

5,/DW
b
1P

L �$L j%L

c

 
1P

L �,/DW�$L j%L��

RQ
/P

L �+L n . L DQG RQ
1P

L �+L j . L� UHVSHFWLYHO\�

3URSRVLWLRQ �� &RQVLGHU WKH SUHYLRXV VHWXS�

�D� ,/DW
b
/P

L �$L n%L

c

 
/P

L �/DW�$L n%L��

�E� 5,/DW
b
1P

L �$L j%L

c

 
1P

L �

b

/DW�$L�j /DW�%L�
c

�

,I HDFK $L DQG %L LV LQMHFWLYH� WKHQ

�F� 5/DW
b
1P

L �$L j%L

cs

I�J  
1P

L �/DW�$L j%L�

DQG

�G� ,5/DW
b
/P

L �$L n%L

c

 
/P

L �/DW�$L�n /DW�%L��

3URRI� ,GHQWLWLHV LQ �D� DQG �E� DUH VWUDLJKWIRUZDUG E\ WKH YHU\ GHpQLWLRQ RI ,/DW�

,/DW
b
/P

L �$L n%L

c

 
/P

L �/DW�$L n%L�

DQG

5,/DW
b
1P

L �$L j%L

c

 
1P

L �/DW�$L�j /DW�%L��

,I HDFK $L DQG HDFK %L DUH LQMHFWLYH� WKHQ ZH JHW �F� DQG �G��

5/DW
b
1P

L �$L j%L

cs

I�J  
1P

L �/DW�$L j%L�

DQG

,5/DW
b
/P

L �$L n%L

c

 
/P

L �/DW�$L�n /DW�%L��

DFFRUGLQJ WR 7KHRUHP ��

/HW
1P

L �&L EH WKH WHQVRU SURGXFW RSHUDWRU RQ WKH WHQVRU SURGXFW VSDFH
1P

L � ; L�
FRQVLVWLQJ RIP RSHUDWRUV WDNHQ IURP WKH FROOHFWLRQ I$L� %LJPL � VXFK WKDW & LV HLWKHU
$ RU % DQG� DFFRUGLQJO\� ; LV HLWKHU + RU . � 2UGHU WKHVH E\ OH[LFRJUDSKLF RUGHU�
LQJ �VR WKDW WKHUH DUH �P WHQVRU SURGXFWV ZKHUH

1P
L �$L RQ

1P
L �+L LV WKH pUVW

DQG
1P

L �%L RQ
1P

L � . L LV WKH ODVW�� /HW ; DQG & GHQRWH WKH FODVVHV RI DOO WHQ�
VRU SURGXFWV

1P
L � ; L DQG

1P
L �&L� UHVSHFWLYHO\� HTXLSSHG ZLWK WKH OH[LFRJUDSKLF

RUGHULQJ� 7DNH WKH RSHUDWRUV
1P

L ��$L j%L� RQ
1P

L ��+L j . L�

DQG
/�

�

M  �

b
1P

L �&L

c

RQ
/�

�

M  �

b
1P

L � ; L

c

�
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ZKHUH WKH GLUHFW VXQV
/�

�

M  � DUH WDNHQ RYHU DOO HOHPHQWV RI & DQG RI ;� UHVSHFWLYHO\�
)RU LQVWDQFH� LI P  �� WKHQ WDNH WKH RSHUDWRUV

�$� j%��n �$� j%�� RQ �+� j . ��n �+� j . ��

DQG
�$� n$��j �$� n%��j �$� n%��j �%� n%��

RQ
�+� n+��j �+� n . ��j �+� n . ��j �. � n . ���

&RUROODU\ �� &RQVLGHU DJDLQ WKH SUHYLRXV VHWXS�

�D� 7KH RSHUDWRUV
1P

L ��$L j%L� DQG
/�

�

M  �

b
1P

L �&L

c

DUH XQLWDULO\ HTXLYDOHQW�

�E� 7KXV WKH ODWLFHV /DW
b
1P

L ��$Lj%L�
c

DQG /DW
b
/�

�

M  �

b
1P

L �&L

cc

DUH XQLWDULO\

HTXLYDOHQW DV ZHOO�

�F� 0RUHRYHU� LI HDFK $L DQG %L LV LQMHFWLYH� WKHQ

1P
P �

b

/DW�$L�j /DW�%L�
c

DQG
/�

�

M  �

b
1P

L �/DW�&L�
c

DUH XQLWDULO\ HTXLYDOHQW�

3URRI� )LUVW FRQVLGHU WKH FDVH RI P  �� 7KXV OHW +�� +�� . � DQG . � EH +LOEHUW
VSDFHV� DQG WDNH DUELWUDU\ RSHUDWRUV $� � %>+�@� $� � %>+�@� %� � %>. �@ DQG
%� � %>. �@� 7KH RSHUDWRUV

�$� j%��n �$� j%�� DQG �$� n$��j �$� n%��j �%� n$��j �%� n%���

ZKLFK DFW RQ

�+� j . ��n �+� j . �� DQG �+� n+��j �+� n . ��j �. � n . ��j �. � n . ���

DUH XQLWDULO\ HTXLYDOHQW� ,QGHHG� DV LV UHDGLO\ YHULpHG�

v

$� 2
2 %�

w

n

v

$� 2
2 %�

w

| 

�

$� n
b

$ � 2
2 % �

c

2

2 %� n
b

$ � 2
2 % �

c

�

| 

�

%

#

$� n$� 2 2 2
2 $� n%� 2 2
2 2 %� n$� 2
2 2 2 %� n%�

�

&

$
�

DQG UHFDOOLQJ WKDW IRU DQ\ RSHUDWRUV 6 DQG 7 WKHLU WHQVRU SURGXFWV 6 n 7 DQG 7 n 6
DUH XQLWDULO\ HTXLYDOHQW �L�H�� WHQVRU SURGXFW LV XQLWDULO\ HTXLYDOHQW FRPPXWDWLYH��
LW IROORZV WKDW

�$� j%��n �$� j%�� | �$� n$��j �$� n%��j �$� n%��j �%� n%��

DQG

�+� j . ��n �+� j . �� | �+� n+��j �+� n . ��j �+� n . ��j �. � n . ���

ZKHUH | GHQRWHV XQLWDU\ HTXLYDOHQFH� 6R WKH ODWWLFHV /DW>�$� j%��n �$� j%��@
DQG /DW>�$� n$�� j �$� n%�� j �$� n%�� j �%� n%��@ DUH XQLWDULO\ HTXLYDOHQW
�LQYDULDQW VXEVSDFHV DUH SUHVHUYHG E\ XQLWDU\ HTXLYDOHQFH��

/DW>�$�j%��n �$�j%��@ | /DW>�$� n$��j �$�n%��j �$�n%��j �%�n%��@�
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0RUHRYHU� LI $�� $�� %� DQG %� DUH LQMHFWLYH� WKHQ E\ 3URSRVLWLRQ ��E�G��

5,/DW>�$�j%��n�$�j%��@ | ,5/DW>�$�n$��j�$�n%��j�$�n%��j�%�n%��@�

7KHUHIRUH �FI� 3URSRVLWLRQ ��E�G� DJDLQ��

>/DW�$��j /DW�%��@ n >/DW�$��j /DW�%��@
| >/DW�$��n /DW�$��@j >/DW�$��n /DW�%��@

j >/DW�$��n /DW�%��@j >/DW�%��n /DW�%��@�

ZKLFK FRPSOHWHV WKH SURRI IRU P  �� ,I P y � WKHQ� IRU DQ\ M � >��Pb �@�
1P

L �&L  
1Mb�

L �&L n &M n
1P

L M � �&L

DQG
1P

L � ; L  
1Mb�

L � ; L n ; M n
1P

L M � � ; L�

VR WKDW WKH UHVXOW IRU P  � H[WHQGV E\ LQGXFWLRQ WR DQ\ LQWHJHU P y ��

([DPSOH �� 6HW P  �� +  .  C �� � $�  %�  ,� WKH LGHQWLW\ RSHUDWRU� DQG
$�  %�  6 � � WKH FDQRQLFDO XQLODWHUDO VKLIW RI PXOWLSOLFLW\ � RQ C �� � ,Q WKLV FDVH�

, � n 6��  �, j ,�n �6 � j 6 � �  �$� j%��n �$� j%��
| �$� n$��j �$� n%��j �%� n$��j �%� n%��

 �, n 6 � �j �, n 6 � �j �, n 6 � �j �, n 6 � �  
/�

L ��, n 6 � ��

ZKHUH , � LV WKH LGHQWLW\� DQG 6�� LV FDQRQLFDO XQLODWHUDO VKLIW RI PXOWLSOLFLW\ �� ERWK
DFWLQJ RQ C �� j C �� � 1RWH WKDW /DW�, ��n /DW�6�� �  �C �� j C �� �n /DW�6 � j 6 � �� $OVR

QRWH WKDW ERWK /DW�6�� � DQG /DW
b
/�

L ��, n 6 � �
c

KDYH EHHQ IXOO\ FKDUDFWHUL]HG LQ >�@

EHFDXVH 6�� DQG
/�

L ��, n 6 � � DUH XQLODWHUDO VKLIWV �, n 6 � � DQG VR
/�

L ��, n 6 � ��
DUH XQLODWHUDO VKLIWV RI LQpQLWH PXOWLSOLFLW\�� 7KXV� VLQFH DOO RSHUDWRUV LQYROYHG LQ
WKLV H[DPSOH DUH LQMHFWLYH� &RUROODU\ ��F� VKRZV WKDW

b

/DW�,�j /DW�,�
c

n
b

/DW�6 � �j /DW�6 � �
c

 
b

C �� j C ��
c

n
b

/DW�6 � �j /DW�6 � �
c

LV XQLWDULO\ HTXLYDOHQW WR
/�

L �

b

/DW�,�n /DW�6 � �
c

 
/�

L �

b

C �� n /DW�6 � �
c

�

ZKHUH UHJXODU VXEVSDFHV KDYH EHHQ FRQVLGHUHG� LUUHJXODU VXEVSDFHV DV LQ ([DPSOH �
DUH QRW FKDUDFWHUL]HG E\ WKH DERYH HTXLYDOHQFH� EXW UHTXLUH DQ LQGHSHQGHQW DQDO\VLV�

5HI HU HQF HV

�� $ � % U RZ Q DQ G & � 3 HDU F\ � ,Q W U RGXFW LRQ W R 2SHU DW RU 7 KHRU \ , ^ ( OHPHQ W V RI )XQ FW LRQ DO $ Q DO�

\ VLV� 6 S U LQ JHU � 1 HZ < RU N � �����
�� 3 �5� + DOP RV� )LQ LW H� ' LPHQ VLRQ DO 9 HFW RU 6 SDFHV� 9 DQ 1 RVWU DQ G � 1 HZ < RU N � ����� U HS U LQ WHG �

6 S U LQ JHU � 1 HZ < RU N � �����
�� 3 �5� + DOP RV� 6 KLIW V RQ + LOEHU W VSDFHV� - � 5HLQ H $ Q JHZ � 0DWK � ��� ������� ���^����
�� & �6 � .X E U X VO\ � 7 KH ( OHPHQ W V RI 2SHU DW RU 7 KHRU \ � % LU N K �DX VHU �6 S U LQ JHU � 1 HZ < RU N � �����
�� & �6 � .X E U X VO\ � $ FRQ FLVH LQ W U RGXFW LRQ W R W HQ VRU SU RGXFW � )DU ( DVW - � 0DWK � 6 FL� �� �������

���^����
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�� & �6 � .X E U X VO\ � ,Q YDU LDQ W VXEVSDFHV RI PXOW LSOH W HQ VRU SU RGXFW V� $ FWD 6 FL� 0DWK � �6 ]HJHG � ��

������� ���^����
�� & �6 � .X E U X VO\ � 5 HJXODU VXEVSDFHV RI W HQ VRU SU RGXFW V� $ G Y � 0DWK � 6 FL� $ S S O� �� ������� ���^

����
�� & �6 � .X E U X VO\ DQ G 3 �& �0� 9 LHLU D� & RQ YHU JHQ FH DQ G GHFRPSRVLW LRQ IRU W HQ VRU SU RGXFW V RI

+ LOEHU W VSDFH RSHU DW RU V� 2S HU � 0DWU LFHV� � ������� ���^����
�� 6 � 0DF/DQ H DQ G *� % LU N K Ro� $ OJHEU D� 0DFP LOODQ � 1 HZ < RU N � ����� �U G HG Q � & K HOVHD� 1 HZ

< RU N � �����
��� *� 0X U S K \ � & � $ OJHEU DV DQ G 2SHU DW RU 7 KHRU \ � $ FDG HP LF 3 U HVV� 6 DQ 'LHJR� �����
��� 0� 5HHG DQ G % � 6 LP RQ � 0HW KRGV RI 0RGHU Q 0DW KHPDW LFDO 3 K\ VLFV ,� )XQ FW LRQ DO $ Q DO\ VLV�

�Q G HG Q � $ FDG HP LF 3 U HVV� 1 HZ < RU N � �����
��� 5� 5\ DQ � ,Q W U RGXFW LRQ W R 7 HQ VRU 3 U RGXFW V RI %DQ DFK 6 SDFHV� 6 S U LQ JHU � /RQ G RQ � �����
��� - � 6 WRFK HO� 6 HPLQ RU PDOLW \ RI RSHU DW RU V IU RP W KHLU W HQ VRU SU RGXFW � 3 U RF� $ P HU � 0DWK � 6 RF�

��� ������� ���^����
��� - � : HLG P DQ Q � / LQ HDU 2SHU DW RU V LQ + LOEHU W 6 SDFHV� 6 S U LQ JHU � 1 HZ < RU N � �����

& DW KRO LF 8QLYHU VLW \ RI 5LR GH -DQHLU R� � � � � � �� � � � 5LR GH -DQHLU R� 5-� %U D] LO

( � PDLO DGGU HVV� FDUORV#HOH�SXF�ULR�EU


