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$EVW U DF W � ,Q ���� /RP RQ RVRY S U HVHQ WHG D U HP DU N DE OH E U HDN WK U RX JK RQ WK H
LQ Y DU LDQ W VX E VS DFH S U RE OHP IRU FRP S DFW RS HU DWRU V� ,I D Q RQ VFDODU RSHU DW RU

FRPPXW HV Z LW K D Q RQ ] HU R FRPSDFW RSHU DW RU � W KHQ LW KDV D Q RQ W U LYLDO K\ SHU LQ �

YDU LDQ W VXEVSDFH� 7 R FRP P HP RU DWH WK U HH G HFDG HV RI WK H /RP RQ RVRY 7 K HRU HP �
Z H JLY H D E U LHI U HY LHZ RQ LW� Z K HU H WK H /RP RQ RVRY WHFK Q LT X H LV G LVFX VVHG LQ

D VWHS �E \ �VWHS IDVK LRQ � $ Q H[ WHQ VLRQ RI WK H /RP RQ RVRY 7 K HRU HP � LQ FOX G LQ J
IX U WK HU U HVX OWV RQ LQ Y DU LDQ W VX E VS DFHV IRU K \ S RQ RU P DO RS HU DWRU V DFWLQ J RQ D
+ LOE HU W VS DFH� FORVHV WK LV H[ S RVLWRU \ S DS HU �

�� ,QW U RGXF W LRQ

%\ DQ RSHUDWRU ZH PHDQ D ERXQGHG �L�H�� FRQWLQXRXV� OLQHDU WUDQVIRUPDWLRQ RI
QRUPHG VSDFH LQWR LWVHOI� DQG E\ D VXEVSDFH RI QRUPHG VSDFH ZH PHDQ D FORVHG OLQHDU
PDQLIROG RI LW� /HW %> ; @ GHQRWH WKH DOJHEUD RI DOO RSHUDWRUV RQ D QRUPHG VSDFH ; �
$ VXEVSDFH 0 RI ; LV LQYDULDQW IRU 7 � %> ; @ �RU 7 �LQYDULDQW� LI 7 �0� v 0� ,W LV
QRQWULYLDO LI I�J � 0 � ; � 7KH LQYDULDQW VXEVSDFH SUREOHP LV� 'RHV HYHU\ RSHUDWRU
KDYH D QRQWULYLDO LQYDULDQW VXEVSDFH" $ VXEVSDFH LV K\SHULQYDULDQW IRU 7 LI LW LV LQ�
YDULDQW IRU HYHU\ RSHUDWRU WKDW FRPPXWHV ZLWK 7 � WKDW LV� IRU HYHU\ RSHUDWRU LQ WKH
FRPPXWDQW I7J�  I/ � %> ; @ � /7  7/J RI 7 � $ UHODWHG RSHQ TXHVWLRQ LV WKH
K\SHULQYDULDQW VXEVSDFH SUREOHP� 'RHV HYHU\ QRQVFDODU RSHUDWRU KDYH D QRQWULYLDO
K\SHULQYDULDQW VXEVSDFH" �$Q RSHUDWRU LV VFDODU LI LW LV D VFDODU PXOWLSOH RI WKH
LGHQWLW\��

2Q D pQLWH�GLPHQVLRQDO FRPSOH[ QRUPHG VSDFH HYHU\ RSHUDWRU KDV DQ HLJHQYDOXH�
DQG HLJHQVSDFHV RI QRQVFDODU RSHUDWRUV DUH QRQWULYLDO DQG K\SHULQYDULDQW� VR WKDW
HYHU\ RSHUDWRU RQ D FRPSOH[ pQLWH�GLPHQVLRQDO QRUPHG VSDFH RI GLPHQVLRQ JUHDWHU
WKDQ � KDV D QRQWULYLDO LQYDULDQW VXEVSDFH �K\SHULQYDULDQW� DFWXDOO\� LI LW LV QRQ�
VFDODU�� 2Q WKH RWKHU KDQG� RQ D QRQVHSDUDEOH QRUPHG VSDFH HYHU\ RSHUDWRU DOVR
KDV D QRQWULYLDO LQYDULDQW VXEVSDFH� ,Q IDFW� LI 7 LV DQ RSHUDWRU RQ D QRQVHSDUD�
EOH QRUPHG VSDFH ; � WKHQ WKH �FORVHG� VSDQ RI WKH RUELW RI DQ\ QRQ]HUR YHFWRU [
LQ ; XQGHU 7 �L�H��

:

I7Q[JQy�� LV D QRQ]HUR VHSDUDEOH �VSDQQHG E\ D FRXQWDEOH
VHW� LQYDULDQW VXEVSDFH IRU 7 � DQG KHQFH D QRQWULYLDO LQYDULDQW VXEVSDFH IRU 7 � 7KH
LQYDULDQW VXEVSDFH SUREOHP WULYLDOO\ KDV D QHJDWLYH DQVZHU LQ D UHDO VSDFH� )RU LQ�

VWDQFH� WKH RSHUDWRU
b

� �

b� �

c

RQ 5� KDV QR QRQWULYLDO LQYDULDQW VXEVSDFH �ZKHQ DFWLQJ

RQ WKH (XFOLGHDQ UHDO VSDFH EXW� RI FRXUVH� LW KDV D QRQWULYLDO LQYDULDQW VXEVSDFH
ZKHQ DFWLQJ RQ WKH FRPSOH[ VSDFH &��� 7KXV WKH LQYDULDQW VXEVSDFH SUREOHP UHIHUV

' DW H� - X O\ ��� �����
���� 0DW KHPDW LFV 6 XEMHFW & ODVVLpFDW LRQ � ��$ ��� ��% ���
. H\ Z RU GV DQ G SKU DVHV� & RP S DFW RS HU DWRU V� LQ Y DU LDQ W VX E VS DFHV�
6 X S S RU WHG LQ S DU W E \ % U D]LOLDQ 1 DWLRQ DO 5HVHDU FK & RX Q FLO �& 1 3 T ��
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WR LQpQLWH�GLPHQVLRQDO� FRPSOH[ DQG VHSDUDEOH VSDFHV DQG� IURP QRZ RQ� DOO VSDFHV
DUH VXSSRVHG WR EH FRPSOH[�

,W LV QRW FOHDU H[DFWO\ ZKHQ WKH SUREOHP ZDV RULJLQDOO\ �RU IRUPDOO\� SRVHG EXW�
DFFRUGLQJ WR >�@� YRQ 1HXPDQQ KDG VKRZQ WKDW FRPSDFW RSHUDWRUV RQ D +LOEHUW VSDFH
KDYH QRQWULYLDO LQYDULDQW VXEVSDFHV EDFN LQ WKH HDUO\ WKLUWLHV� ,Q ����� $URQV]DMDQ
DQG 6PLWK >�@ SURYHG WKDW FRPSDFW RSHUDWRUV RQ D %DQDFK VSDFH KDYH QRQWULYLDO
LQYDULDQW VXEVSDFHV� ,W LV ZRUWK QRWLFLQJ WKDW� DFFRUGLQJ WR WKH )UHGKROP $OWHUQD�
WLYH �LI . LV D FRPSDFW RSHUDWRU RQ D %DQDFK VSDFH� WKHQ ��.�QI�J  �3 �.�QI�J�
ZKHUH ��.� DQG �3 �.� GHQRWH VSHFWUXP DQG SRLQW VSHFWUXP� UHVSHFWLYHO\�� WKH
VLJQLpFDQW UHVXOW FRQWDLQHG LQ WKH DERYH SDSHU UHIHUV WR TXDVLQLOSRWHQW FRPSDFW RS�
HUDWRUV ZLWKRXW HLJHQYDOXHV _ LI D FRPSDFW RSHUDWRU LV QRW TXDVLQLOSRWHQW� WKHQ LW
KDV DQ HLJHQYDOXH� �$Q RSHUDWRU 7 LV TXDVLQLOSRWHQW LI ��7 �  I�J RU� HTXLYDOHQWO\�
LI U�7 �  �� ZKHUH U�7 � VWDQGV IRU WKH VSHFWUDO UDGLXV RI 7 �� $ W\SLFDO H[DPSOH
RI D FRPSDFW TXDVLQLOSRWHQW RSHUDWRU ZLWKRXW HLJHQYDOXHV LV WKH 9ROWHUUD RSHUDWRU
�.[��V�  

5 V

�
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7KH TXHVWLRQ RI WKH H[LVWHQFH RI QRQWULYLDO LQYDULDQW VXEVSDFH IRU SRO\QRPLDOO\
FRPSDFW RSHUDWRUV �L�H�� RSHUDWRUV 7 VXFK WKDW S�7 � LV FRPSDFW IRU VRPH QRQ]HUR
SRO\QRPLDO S� ZDV SXEOLFL]HG E\ +DOPRV LQ >��@� 7KLV ZDV SURYHG E\ %HUQVWHLQ DQG
5RELQVRQ >�@ LQ ���� ZKR XVHG QRQVWDQGDUG DQDO\VLV DQG� VXEVHTXHQWO\� WKH SURRI
ZDV WUDQVODWHG LQWR VWDQGDUG DQDO\VLV E\ +DOPRV LQ >��@�

7KH QH[W VLJQLpFDQW VWHS ZDV WKH UHPDUNDEOH EUHDNWKURXJK RI /RPRQRVRY >��@
LQ ����� ZKLFK ZLOO EH WKH VXEMHFW RI WKH QH[W VHFWLRQ� %HIRUH PRYLQJ RQ WR WKH
/RPRQRVRY 7KHRUHP� OHW XV FRPPHQW RQ WZR SHUWLQHQW SRLQWV�

7KH pUVW RQH UHIHUV WR WKH VSDFH XSRQ ZKLFK WKH RSHUDWRUV DFW� 7KH LQYDULDQW
VXEVSDFH SUREOHP KDV D QHJDWLYH DQVZHU LQ D %DQDFK VSDFH� 7KLV UHPDLQHG DV DQ
RSHQ TXHVWLRQ IRU D ORQJ SHULRG� EXW FRQVWUXFWLRQV RI %DQDFK VSDFH RSHUDWRUV ZLWK�
RXW D QRQWULYLDO LQYDULDQW VXEVSDFH KDYH EHHQ SXEOLVKHG EHWZHHQ ���� DQG ���� E\
(QqR >��@ DQG 5HHG >��@ �DQ RSHUDWRU RQ C� IUHH RI QRQWULYLDO LQYDULDQW VXEVSDFHV
ZDV H[KLELWHG LQ >��@�� +RZHYHU� VXFK FRQVWUXFWLRQV DUH DOO RQ QRQUHqH[LYH %DQDFK
VSDFHV� RQ D +LOEHUW VSDFH �LQpQLWH�GLPHQVLRQDO� FRPSOH[ DQG VHSDUDEOH�� WKH LQYDU�
LDQW VXEVSDFH SUREOHP UHPDLQV D UHFDOFLWUDQW RSHQ TXHVWLRQ�

7KH VHFRQG SRLQW UHIHUV WR FODVVHV RI +LOEHUW VSDFH RSHUDWRUV� 5HFDOO WKDW DQ RS�
HUDWRU 7 RQ D +LOEHUW VSDFH + LV TXDVLQRUPDO LI LW FRPPXWHV ZLWK 7 e7 � VXEQRUPDO
LI LW LV D SDUW D QRUPDO RSHUDWRU �L�H�� UHVWULFWLRQ RI D QRUPDO RSHUDWRU WR DQ LQYDULDQW
VXEVSDFH�� K\SRQRUPDO LI 7 7 e x 7 e7 � DQG QRUPDORLG LI U�7 �  N7N� 7KHVH FODVVHV
DUH UHODWHG E\ SURSHU LQFOXVLRQ �1RUPDO ~ 4XDVLQRUPDO ~ 6XEQRUPDO ~ +\SRQRU�
PDO ~ 1RUPDORLG� LI + LV LQpQLWH�GLPHQVLRQDO �RWKHUZLVH K\SRQRUPDO RSHUDWRUV DUH
QRUPDO�� 1RUPDO RSHUDWRUV �RQ D FRPSOH[ +LOEHUW VSDFH RI GLPHQVLRQ JUHDWHU WKDQ
�� KDYH D QRQWULYLDO LQYDULDQW VXEVSDFH �DIWHU WKH 6SHFWUDO 7KHRUHP�� DQG VR GRHV
WKH TXDVLQRUPDO RSHUDWRUV� 7KDW HYHU\ VXEQRUPDO RSHUDWRU KDV D QRQWULYLDO LQYDUL�
DQW VXEVSDFH LV D GHHS UHVXOW SURYHG E\ 6� %URZQ >�@ LQ ����� +RZHYHU� LW LV VWLOO
XQNQRZQ ZKHWKHU HYHU\ K\SRQRUPDO RSHUDWRU KDV D QRQWULYLDO LQYDULDQW VXEVSDFH�
6LQFH D K\SRQRUPDO RSHUDWRU LV QRUPDORLG� WKH LQYDULDQW VXEVSDFH LV� REYLRXVO\� OHIW
RSHQ IRU QRUPDORLG RSHUDWRUV DV ZHOO� ,Q IDFW� DV SRLQWHG RXW LQ >�@� S����� HY�
HU\ %DQDFK VSDFH RSHUDWRU ZLWKRXW D QRQWULYLDO LQYDULDQW VXEVSDFH WKDW KDG EHHQ
H[KLELWHG XS WR WKHQ� DQG IRU ZKLFK WKH VSHFWUDO UDGLXV KDG EHHQ FRPSXWHG� ZDV
QRQQRUPDORLG� :H FDQ WKLQN RI TXDVLQLOSRWHQW RSHUDWRUV DV D FODVV O\LQJ RSSRVLWH
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WR WKH QRUPDORLG RQHV� ,W WXUQV RXW WKDW WKH LQYDULDQW VXEVSDFH DOVR UHPDLQV XQDQ�
VZHUHG IRU TXDVLQLOSRWHQW RSHUDWRUV RQ D +LOEHUW VSDFH �EXW QRW IRU TXDVLQLOSRWHQW
RSHUDWRUV RQ D QRQUHqH[LYH %DQDFK VSDFH >��@��

$ FODVVLFDO UHIHUHQFH IRU WKH LQYDULDQW VXEVSDFH SUREOHP LV >��@ �DOVR VHH >�@� >��@
DQG >��@�� )RU D VHOHFW FROOHFWLRQ RI H[SRVLWRU\ DQG VXUYH\ SDSHUV GHDOLQJ ZLWK PDQ\
DVSHFWV RI WKH SUREOHP VHH H�J�� >��@� >��@� >��@� >��@ DQG >��@�

�� 7 KH /RP RQRVRY 7 KHRU HP

&RPSDFW RSHUDWRUV �RQ D FRPSOH[ %DQDFK VSDFH RI GLPHQVLRQ JUHDWHU WKDQ ��
KDYH D QRQWULYLDO LQYDULDQW VXEVSDFH� D QRQWULYLDO K\SHULQYDULDQW VXEVSDFH� DFWXDOO\�
LI LW LV QRQVFDODU� 7KH GHpQLWLYH UHVXOW LQ WKLV OLQH LV GXH WR /RPRQRVRY >��@� $Q RS�

HUDWRU KDV D QRQWULYLDO LQYDULDQW VXEVSDFH LI LW FRPPXWHV ZLWK D QRQVFDODU RSHUDWRU

WKDW FRPPXWHV ZLWK D QRQ]HUR FRPSDFW RSHUDWRU� ,Q IDFW� HYHU\ QRQVFDODU RSHUD�

WRU WKDW FRPPXWHV ZLWK D QRQVFDODU FRPSDFW RSHUDWRU �LWVHOI� LQ SDUWLFXODU� KDV D

QRQWULYLDO K\SHULQYDULDQW VXEVSDFH� 5HFDOO WKDW RQ DQ LQpQLWH�GLPHQVLRQDO QRUPHG
VSDFH WKH RQO\ VFDODU FRPSDFW RSHUDWRU LV WKH QXOO RSHUDWRU� RQ D pQLWH�GLPHQVLRQDO
QRUPHG VSDFH HYHU\ RSHUDWRU LV FRPSDFW�

7KH /RPRQRVRY 7KHRUHP LV D UHPDUNDEOH EUHDNWKURXJK RQ WKH LQYDULDQW VXEVSDFH
SUREOHP� 7KH IXOO YHUVLRQ RI LW� PHQWLRQHG DERYH� FDQ EH VSOLW LQWR WZR SDUWV�

�L� ,I DQ RSHUDWRU FRPPXWHV ZLWK D QRQ]HUR FRPSDFW RSHUDWRU� WKHQ LW KDV D QRQ�

WULYLDO LQYDULDQW VXEVSDFH�

�LL� LI LW LV QRQVFDODU� WKHQ LW KDV D QRQWULYLDO K\SHULQYDULDQW VXEVSDFH�

3DUW �L� LV D VOLJKWO\ ZHDNHU YHUVLRQ RI WKH IXOO VWDWHPHQW� ZKRVH SURRI LV NQRZQ DV
+LOGHQ
V 3URRI RI /RPRQRVRY
V 7KHRUHP >��@� :H VKDOO VNHWFK WKH SURRI RI SDUW RQH�

$ 6NHWFK RI +LOGHQ
V 3URRI� 7DNH D QRQ]HUR FRPSDFW RSHUDWRU . RQ D FRPSOH[
%DQDFK VSDFH ; RI GLPHQVLRQ JUHDWHU WKDQ �� /HW 7 EH DQ RSHUDWRU RQ ; WKDW
FRPPXWHV ZLWK .� ,I 7 KDV QR QRQWULYLDO LQYDULDQW VXEVSDFH� WKHQ WKH IROORZLQJ
DVVHUWLRQV KROG�

�D� . LV TXDVLQLOSRWHQW� DQG KHQFH o. LV XQLIRUPO\ VWDEOH IRU DOO o � &�
�E� )RU HDFK QRQ]HUR YHFWRU [ LQ ; DQG HDFK QRQHPSW\ RSHQ VXEVHW 8 RI ; � WKHUH

H[LVWV D QRQ]HUR SRO\QRPLDO S VXFK WKDW S�7 �[ � 8 �

$VVHUWLRQ �D� LV D FRQVHTXHQFH RI WKH )UHGKROP DOWHUQDWLYH IRU FRPSDFW RSHUDWRUV
DQG WKH %HXUOLQJ^*HOIDQG IRUPXOD IRU WKH VSHFWUDO UDGLXV �U�7 �  OLPQ N7

QN
�

� IRU
HYHU\ RSHUDWRU 7 �� $VVHUWLRQ �E� LV UHDGLO\ YHULpHG E\ UHFDOOLQJ WKDW LI DQ RSHUD�
WRU 7 KDV QR QRQWULYLDO LQYDULDQW VXEVSDFH� WKHQ HYHU\ [ � � LV D F\FOLF YHFWRU �L�H��
:

I7Q[JQy�  IS�7 �[ � ; � S LV D QRQ]HUR SRO\QRPLDOJb  ; �� %RWK �D� DQG �E�
UHO\ RQ WKH K\SRWKHVLV WKDW 7 KDV QR QRQWULYLDO LQYDULDQW VXEVSDFH� 7KH SURJUDP
LV WR VKRZ WKDW WKLV DVVXPSWLRQ� WKURXJK DVVHUWLRQV �D� DQG �E�� OHDGV WR D FRQ�
WUDGLFWLRQ� 7DNH DQ\ YHFWRU [� LQ ; VXFK WKDW WKH RULJLQ LV QRW LQ WKH FORVHG EDOO
%�>[�@  I[ � ; � N[b [�N x �J QRU LQ WKH FORVXUH RI LWV LPDJH XQGHU .�

�  � %�>[�@ DQG �  � .�%�>[�@�
b�

6LQFH . � 2� WKLV KDSSHQV IRU DQ\ YHFWRU [� � ; VXFK WKDW N.N � N.[�N� ,QGHHG�
LI � OLHV LQ %�>[�@� WKHQ N[�N x �� DQG VR N.[�N x N.N� ,I � OLHV LQ WKH FORVXUH
.�%�>[�@�

b RI .�%�>[�@� �L�H�� LI � LV D SRLQW RI DGKHUHQFH RI .�%�>[�@��� WKHQ WKHUH
LV D VHTXHQFH I[QJ LQ%�>[�@ VXFK WKDW.[Q� �� DQG N.[�N  OLPQ N.�[Q b [��N x
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N.N OLP VXSQ N[Q b [�N x N.N� 7KXV WDNH DQ\ [� LQ ; WKDW VDWLVpHV WKH DERYH
SURSHUWLHV DQG� IRU HDFK QRQ]HUR SRO\QRPLDO S� VHW

8S�[��  
j

[ � ; � NS�7 �[b [�N � �
k

�

$VVHUWLRQ �E� HQVXUHV WKDW

�F� 8S�[�� LV RSHQ LQ ; DQG HYHU\ QRQ]HUR YHFWRU RI ; OLHV LQ 8S�[�� IRU VRPH S�

6LQFH . LV FRPSDFW DQG �  � .�%�>[�@�
b� DVVHUWLRQ �F� LPSOLHV WKH QH[W RQH�

�G� 7KHUH H[LVWV D pQLWH VHW 3 RI SRO\QRPLDOV VXFK WKDW� LI [ � .�%�>[�@�� WKHQ
S�7 �[ OLHV LQ %��[�� IRU VRPH S � 3�

)LQDOO\� E\ XVLQJ �G� DQG UHFDOOLQJ WKDW 7 FRPPXWHV ZLWK .� ZH FDQ VKRZ WKDW
DVVHUWLRQ �H� EHORZ KROGV WUXH�

�H� 7KHUH LV D VHTXHQFH ISNJ RI SRO\QRPLDOV LQ 3 VXFK WKDW� IRU HDFK Qy��

S��7 � ��� SQ�7 �.
Q[� � %�>[�@�

6XPPLQJ XS� $VVHUWLRQ �E� HQVXUHV WKH H[LVWHQFH RI D VHTXHQFH I[QJ RI YHFWRUV
LQ %�>[�@ VXFK WKDW [Q  S��7 � ��� SQ�7 �.

Q[� IRU HYHU\ Qy�� ZLWK HDFK SN LQ 3�
ZKHUH 3 LV D pQLWH VHW RI SRO\QRPLDOV� 3XW o  PD[S� 3NS�7 �N� 2Q WKH RWKHU KDQG�
DVVHUWLRQ �D� HQVXUHV WKDW N�o.�QN � �� 7KHUHIRUH�

N[QN  NS��7 � ��� SQ�7 �.
Q[�N x oQN.Q[�N x N�o.�QNN[�N � ��

DQG WKH %�>[�@�YDOXHG VHTXHQFH I[QJ FRQYHUJHV WR �� 6LQFH %�>[�@ LV FORVHG LQ ; �
WKH &ORVHG 6HW 7KHRUHP HQVXUHV WKDW � � %�>[�@� %XW WKLV FRQWUDGLFWV WKH IDFW WKDW
�  � %�>[�@� &RQFOXVLRQ� ,I DQ RSHUDWRU 7 FRPPXWHV ZLWK D QRQ]HUR FRPSDFW .�

WKHQ 7 KDV D QRQWULYLDO LQYDULDQW VXEVSDFH� ZKLFK FRPSOHWHV WKH SURRI RI SDUW �L�
RI WKH /RPRQRVRY 7KHRUHP� e
%HVLGHV YHU\ EDVLF IXQFWLRQDO DQDO\VLV� +LOGHQ
V 3URRI RI /RPRQRVRY
V 7KHRUHP

XVHV RQO\ WZR HOHPHQWDU\ UHVXOWV IURP RSHUDWRU WKHRU\� YL]�� )UHGKROP DOWHUQDWLYH
DQG %HXUOLQJ^*HOIDQG IRUPXOD� $ SURRI RI WKH IXOO YHUVLRQ RI WKH /RPRQRVRY 7KH�
RUHP UHTXLUHV PRUH WKDQ WKDW�

)LUVW UHFDOO WKDW WKH FRQYH[ KXOO RI D VXEVHW * RI D OLQHDU VSDFH ; � GHQRWHG
E\ FR�*�� LV WKH LQWHUVHFWLRQ RI DOO FRQYH[ VHWV FRQWDLQLQJ *� WKDW LV� FR�*� LV WKH
VPDOOHVW �LQ WKH LQFOXVLRQ RUGHULQJ� FRQYH[ VHW WKDW FRQWDLQV *� $OVR UHFDOO WKDW
FR�*� FRLQFLGHV ZLWK WKH VHW RI DOO FRQYH[ OLQHDU FRPELQDWLRQV RI YHFWRUV LQ *� WKDW
LV� [ � FR�*� LI DQG RQO\ LI [  

3Q

L �
oL[L IRU VRPH pQLWH VHW I[LJ

Q
L �

RI YHFWRUV LQ
* DQG VRPH pQLWH VHW RI SRVLWLYH VFDODUV IoLJ

Q
L �

VXFK WKDW
3Q

L �
oL  �� &OHDUO\�

FR�*�b v FR�*b�b IRU HYHU\ VXEVHW * RI D QRUPHG VSDFH ; � $ FODVVLFDO UHVXOW RQ
WKH JHRPHWU\ RI %DQDFK VSDFHV LV WKH 0D]XU 7KHRUHP�

0D]XU 7KHRUHP� 7KH FORVXUH RI WKH FRQYH[ KXOO RI HYHU\ FRPSDFW VXEVHW RI D

%DQDFK VSDFH LV FRPSDFW�

7KDW LV� LI & LV D FRPSDFW VHW LQ D %DQDFK VSDFH ; � WKHQ VR LV FR�&�b� ,Q IDFW�
WKLV FDQ EH UHDGLO\ YHULpHG E\ VKRZLQJ WKDW FR�&� LV WRWDOO\ ERXQGHG ZKHQHYHU &
LV �VHH H�J�� >�@� S������

1RZ ZH ERUURZ WKH QRWLRQ RI FRPSDFW PDSSLQJ IURP QRQOLQHDU IXQFWLRQDO DQDO�
\VLV� /HW ' EH D QRQHPSW\ VXEVHW RI D QRUPHG VSDFH ; � $ PDSSLQJ ) � ' � ;
LV FRPSDFW LI LW LV FRQWLQXRXV DQG ) �%�b LV D FRPSDFW VHW LQ ; ZKHQHYHU % LV
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D ERXQGHG VXEVHW RI '� 5HFDOO WKDW D FRQWLQXRXV LPDJH RI DQ\ FRPSDFW VHW LV D
FRPSDFW VHW� 7KXV� LI ' LV D FRPSDFW VXEVHW RI ; � WKHQ HYHU\ FRQWLQXRXV PDSSLQJ
) � ' � ; LV FRPSDFW� :H VKDOO� KRZHYHU� EH FRQFHUQHG ZLWK WKH FDVH ZKHUH' �WKH
GRPDLQ RI ) � LV QRW FRPSDFW EXW LV ERXQGHG� ,Q WKLV FDVH� LI ) LV FRQWLQXRXV DQG
) �'�b LV D FRPSDFW VHW� WKHQ ) LV D FRPSDFW PDSSLQJ �EHFDXVH ) �%�b v ) �'�b

ZKHQHYHU % v '�� 7KH FHQWUDO UHVXOW UHTXLUHG IRU SURYLQJ WKH IXOO YHUVLRQ RI WKH
/RPRQRVRY 7KHRUHP LV WKH 6FKDXGHU )L[HG 3RLQW 7KHRUHP �VHH H�J�� >�@� S������
ZKLFK UHDGV DV IROORZV�

6FKDXGHU )L[HG 3RLQW 7KHRUHP� /HW ' EH D FORVHG� ERXQGHG DQG FRQYH[ VXEVHW

RI D QRUPHG VSDFH ; � DQG OHW ) � ' � ; EH D FRPSDFW PDSSLQJ� ,I ' LV ) �

LQYDULDQW� WKHQ ) KDV D p[HG SRLQW �L�H�� LI ) �'� v '� WKHQ WKHUH H[LVWV [ � '
VXFK WKDW ) �[�  [��

1H[W WDNH WKH DOJHEUD %> ; @ RI DOO RSHUDWRUV RQ D QRUPHG VSDFH ; DQG OHW $
EH D XQLWDO VXEDOJHEUD RI %> ; @� ZKLFK PHDQV WKDW $ LV D OLQHDU PDQLIROG RI %> ; @
WKDW FRQWDLQV WKH LGHQWLW\ DQG LV VXFK WKDW $% OLHV LQ $ ZKHQHYHU $ DQG % OLH LQ
$� $ VXEVSDFH 0 RI ; LV LQYDULDQW IRU $ �RU LV $�LQYDULDQW� LI LW LV LQYDULDQW IRU
HYHU\ RSHUDWRU LQ $ �L�H�� LI $�0� v 0 IRU HYHU\ $ � $�� :H VD\ WKDW $ KDV QR
QRQWULYLDO LQYDULDQW VXEVSDFH LI WKHUH LV QR QRQWULYLDO VXEVSDFH RI ; WKDW LV LQYDULDQW
IRU HYHU\ RSHUDWRU LQ $� $Q LQWHUPHGLDWH VWDJH WRZDUGV D SURRI RI WKH IXOO YHUVLRQ
RI WKH /RPRQRVRY 7KHRUHP LV WKH VR�FDOOHG /RPRQRVRY /HPPD�

/RPRQRVRY /HPPD� /HW . EH D QRQ]HUR FRPSDFW RSHUDWRU RQ D FRPSOH[ %DQDFK

VSDFH ; DQG OHW $ EH D XQLWDO VXEDOJHEUD RI %> ; @� ,I WKHUH LV QR QRQWULYLDO LQYDULDQW

VXEVSDFH RI ; WKDW LV LQYDULDQW IRU HYHU\ RSHUDWRU LQ $� WKHQ WKHUH H[LVWV / LQ $
VXFK WKDW � LV DQ HLJHQYDOXH RI /. �L�H�� VXFK WKDW NHU�, b /.� � I�J��

%HORZ ZH VNHWFK D VWHS E\ VWHS SURRI IRU WKH /RPRQRVRY /HPPD� 7KH pUVW
VWHSV DFWXDOO\ SUHSDUH WKH JURXQG IRU DQ DSSOLFDWLRQ RI WKH 6FKDXGHU )L[HG 3RLQW
7KHRUHP�

3URRI RI WKH /RPRQRVRY /HPPD� /HW ; EH D FRPSOH[ %DQDFK VSDFH DQG OHW
$ EH D XQLWDO VXEDOJHEUD RI %> ; @ WKDW KDV QR QRQWULYLDO LQYDULDQW VXEVSDFH� ,Q WKLV
FDVH ZH FDQ VKRZ WKDW WKH IROORZLQJ DVVHUWLRQ KROGV�

�D� )RU HDFK QRQ]HUR YHFWRU [ LQ ; DQG HDFK QRQHPSW\ RSHQ VXEVHW 8 RI ; WKHUH
H[LVWV DQ RSHUDWRU $ LQ $ VXFK WKDW $[ � 8 �

/HW . EH D QRQ]HUR FRPSDFW RSHUDWRU RQ ; � 7DNH [� � ; DV LQ WKH SUHYLRXV SURRI
VR WKDW �  � %�>[�@ DQG �  � .�%�>[�@�

b� )RU HDFK RSHUDWRU $ LQ $ VHW

8$�[��  
j

[ � ; � N$[b [�N � �
k

�

$VVHUWLRQ �D� HQVXUHV WKDW

�E� 8$�[�� LV RSHQ LQ ; DQG HYHU\ QRQ]HUR YHFWRU RI ; OLHV LQ 8$�[�� IRU VRPH
RSHUDWRU $ LQ $�

6LQFH . LV FRPSDFW DQG �  � .�%�>[�@�
b� DVVHUWLRQ �E� LPSOLHV WKH QH[W RQH�

�F� 7KHUH H[LVWV D pQLWH VXEVHW ) RI $ VXFK WKDW� LI [ � .�%�>[�@�� WKHQ $[ OLHV
LQ %��[�� IRU VRPH $ � ) �

)RU HDFK $ LQ ) FRQVLGHU WKH IXQFWLRQ o$ � .�%�>[�@�� 5 JLYHQ E\

o$�[�  PD[I�� �b N$[b [�NJ IRU HYHU\ [ � .�%�>[�@��
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7DNH DQ DUELWUDU\ [ � .�%�>[�@�� $VVHUWLRQ �F� HQVXUHV WKDW WKHUH H[LVWV $ LQ )
VXFK WKDW N$[b [�N � �� DQG KHQFH � � o$�[� IRU VRPH $ LQ ) � 7KHUHIRUH� VLQFH
� x o$�[� IRU HYHU\ [ � .�%�>[�@� DQG HDFK $ � ) � ZH JHW � �

3

$� ) o$�[� � �
IRU HYHU\ [ � .�%�>[�@�� 3XW

p$�[�  
o$�[�

3

$� ) o$�[�
IRU HDFK [ � .�%�>[�@��

ZKLFK GHpQHV D IXQFWLRQ p$ � .�%�>[�@�� 5� 1RZ OHW ) � %�>[�@� ; EH D PDS�
SLQJ GHpQHG E\

) �[�  
;

$� )

p$�.[�$.[ IRU HYHU\ [ � %�>[�@�

,W LV UHDGLO\ YHULpHG WKDW ) LV FRQWLQXRXV� 8VLQJ WKH 0D]XU 7KHRUHP ZH FDQ VKRZ
WKDW ) �%�>[�@�

b LV FRPSDFW� 7KHUHIRUH�

�G� ) LV D FRPSDFW PDSSLQJ�

0RUHRYHU� LW LV DOVR HDV\ WR VKRZ WKDW ) �%�>[�@� v %�>[�@� 7KDW LV�

�H� ) LV %�>[�@�LQYDULDQW�

5HFDOO WKDW �  � %�>[�@ DQG DSSO\ WKH 6FKDXGHU )L[HG 3RLQW 7KHRUHP WR FRQFOXGH
WKDW WKHUH H[LVWV [ LQ %�>[�@ DQG /  

3

$� ) p$�.[�$ LQ $ VXFK WKDW

�I� /.[  ) �[�  [ � � �L�H�� NHU�, b /.� � I�J�� e

7KH SURRI RI SDUW �L� RI WKH /RPRQRVRY 7KHRUHP XVHV RQO\ HOHPHQWDU\ UHVXOWV RI
RSHUDWRU WKHRU\� ,Q RUGHU WR SURYH SDUW �LL�� WKXV FRPSOHWLQJ WKH IXOO YHUVLRQ RI LW�
WKH /RPRQRVRY /HPPD LV FDOOHG IRUWK� 7KH IXOO YHUVLRQ RI WKH /RPRQRVRY 7KHRUHP
FDQ EH UHSKUDVHG DV IROORZV�

/RPRQRVRY 7KHRUHP� ,I D QRQVFDODU RSHUDWRU FRPPXWHV ZLWK D QRQ]HUR FRPSDFW

RSHUDWRU� WKHQ LW KDV D QRQWULYLDO K\SHULQYDULDQW VXEVSDFH�

7DNH DQ RSHUDWRU 7 RQ D FRPSOH[ %DQDFK VSDFH ; � /HW I7J� EH WKH FRPPXWDQW
RI 7 � ZKLFK LV WKH XQLWDO VXEDOJHEUD RI %> ; @ FRQVLVWLQJ RI DOO RSHUDWRUV LQ %> ; @
WKDW FRPPXWH ZLWK 7 � 5HFDOO WKDW D QRQWULYLDO K\SHULQYDULDQW VXEVSDFH IRU 7 LV D
QRQWULYLDO VXEVSDFH RI ; WKDW LV LQYDULDQW IRU HYHU\ RSHUDWRU LQ I7J��

3URRI RI WKH /RPRQRVRY 7KHRUHP� /HW 7 EH DQ RSHUDWRU DFWLQJ RQ D FRPSOH[
%DQDFK VSDFH ; � 6XSSRVH WKHUH H[LVWV D QRQ]HUR FRPSDFW RSHUDWRU . LQ I7J��
DQG VXSSRVH 7 KDV QR QRQWULYLDO K\SHULQYDULDQW VXEVSDFH� 6HWWLQJ $  I7J�� WKH
IROORZLQJ DVVHUWLRQ KROGV DV D FRQVHTXHQFH RI WKH /RPRQRVRY /HPPD�

�D� 7KHUH H[LVWV DQ RSHUDWRU / LQ I7J� VXFK WKDW NHU�, b /.� LV QRQ]HUR DQG
7 �LQYDULDQW�

8VLQJ WKH DERYH UHVXOW LW FDQ EH VKRZQ WKDW

�E� 7 KDV DQ HLJHQYDOXH �L�H�� WKHUH LV D y � & VXFK WKDW NHU�y, b 7 � � I�J��

%XW NHU�y,b7 � LV D K\SHULQYDULDQW VXEVSDFH IRU 7 � 7KHUHIRUH� LI 7 KDV QR QRQWULYLDO
K\SHULQYDULDQW VXEVSDFH� WKHQ NHU�y, b 7 �  ; � (TXLYDOHQWO\� 7  y,� WKDW LV� 7
LV VFDODU� 6XPPLQJ XS� ,I DQ RSHUDWRU 7 KDV QR QRQWULYLDO K\SHULQYDULDQW VXEVSDFH

DQG FRPPXWHV ZLWK D QRQ]HUR FRPSDFW .� WKHQ 7 PXVW EH VFDODU� e
)RU GHWDLOHG SURRIV RI HDFK DVVHUWLRQ LQ WKLV VHFWLRQ WKH UHDGHU LV UHIHUUHG WR >�@

�6HFWLRQ 9,���� >��@ �&KDSWHU ���� >��@ �&KDSWHU ��� RU >��@�
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�� $Q ([W HQVLRQ RI W KH /RP RQRVRY 7 KHRU HP

5HFDOO WKDW UDQN PHDQV GLPHQVLRQ RI UDQJH� 7KXV 7 FRPPXWHV ZLWK . LI DQG
RQO\ LI UDQN�.7 b 7.�  �� )RU VLPSOLFLW\� WKURXJKRXW WKLV VHFWLRQ DOO RSHUDWRUV
DUH DVVXPHG WR DFW RQ D +LOEHUW VSDFH�

3URSRVLWLRQ �� /HW 7 � 6 DQG . EH RSHUDWRUV DFWLQJ RQ D FRPSOH[ +LOEHUW VSDFH�

�D� ,I � � GLP�NHU6� � �� � � GLP�NHU6e� � � DQG UDQN�76b67 �  �� WKHQ
�3 �7 � > �3 �7

e� � "� DQG WKHUHIRUH

�E� LI . LV FRPSDFW DQG UDQN�.7 b 7.�  �� WKHQ 7 KDV D QRQWULYLDO K\SHULQ�

YDULDQW VXEVSDFH�

,I UDQN�.7 b7.�  ��� WKHQ . LV QRQ]HUR DQG 7 LV QRQVFDODU� 7KXV� FRPELQLQJ
WKH /RPRQRVRY 7KHRUHP ZLWK WKH DERYH SURSRVLWLRQ \LHOGV WKH IROORZLQJ XVHIXO
H[WHQVLRQ RI WKH /RPRQRVRY 7KHRUHP�

([WHQVLRQ RI WKH /RPRQRVRY 7KHRUHP� ,I D QRQVFDODU RSHUDWRU 7 LV VXFK

WKDW UDQN�.7 b 7.� x � IRU VRPH QRQ]HUR FRPSDFW RSHUDWRU .� WKHQ 7 KDV D

QRQWULYLDO K\SHULQYDULDQW VXEVSDFH�

7KH DERYH UHVXOWV ZHUH VWDWHG LQ D +LOEHUW VSDFH VHWWLQJ _ IRU D SURRI VHH >��@
�&KDSWHU ���� /HW XV MXVW PHQWLRQ WKDW WKH\ KROG LQ D %DQDFK VSDFH VHWWLQJ DV ZHOO�
7KHLU SURRIV LQ D %DQDFK VSDFH ; DUH EDVHG RQ WKH TXRWLHQW VSDFH ;  UDQ �6�b

UDWKHU WKDQ RQ WKH RUWKRJRQDO FRPSOHPHQW +k UDQ �6�b  UDQ �6�"  NHU�6e� LQ
D +LOEHUW VSDFH + �VHH >�@� >��@ DQG >��@��

,W LV ZRUWK QRWLFLQJ WKDW LI RQH FRXOG LPSURYH WKH ([WHQVLRQ RI WKH /RPRQRVRY
7KHRUHP E\ UHSODFLQJ UDQN�.7 b 7.� x � ZLWK UDQN�.7 b 7.� x �� WKHQ RQH
ZRXOG KDYH VROYHG DrUPDWLYHO\ WKH K\SHULQYDULDQW VXEVSDFH SUREOHP� ,QGHHG� IRU
HYHU\ RSHUDWRU 7 WKHUH H[LVWV D QRQ]HUR FRPSDFW . VXFK WKDW UDQN�.7 b7.� x �
�UHDVRQ� WKLV DOZD\V KROGV ZKHQHYHU . LV D UDQN�� RSHUDWRU��

/HW + EH D FRPSOH[ +LOEHUW VSDFH RI GLPHQVLRQ JUHDWHU WKDQ �� 5HFDOO WKDW DQ
RSHUDWRU 7 RQ + HVVHQWLDOO\ QRUPDO LI LW KDV D FRPSDFW VHOI�FRPPXWDWRU �L�H�� LI
'7  7 e7 b7 7 e LV FRPSDFW�� ,W LV FDOOHG TXDVLUHGXFLEOH LI WKHUH H[LVWV D QRQVFDODU
RSHUDWRU / LQ I7J� VXFK WKDW UDQN�'7/b/'7 � x �� (YHU\ TXDVLQRUPDO RSHUDWRU
LV TXDVLUHGXFLEOH� EXW WKHUH H[LVW VXEQRUPDO �WKXV K\SRQRUPDO� RSHUDWRUV WKDW DUH
QRW TXDVLUHGXFLEOH� 7KH QH[W UHVXOW LV D FRUROODU\ RI WKH DERYH H[WHQVLRQ RI WKH
/RPRQRVRY 7KHRUHP >��@�

3URSRVLWLRQ �� (YHU\ HVVHQWLDOO\ QRUPDO TXDVLUHGXFLEOH RSHUDWRU KDV D QRQWULYLDO

LQYDULDQW VXEVSDFH�

$Q LPSRUWDQW UHVXOW RQ K\SRQRUPDO RSHUDWRUV LV WKH %HUJHU^6KDZ 7KHRUHP >�@�
>�@ �DOVR VHH >�@� S������ $ FRQVHTXHQFH RI LW LV WKDW LI D K\SRQRUPDO RSHUDWRU KDV
QR QRQWULYLDO LQYDULDQW VXEVSDFH� WKHQ LWV VHOI�FRPPXWDWRU '7 LV FRPSDFW �WUDFH�
FODVV� DFWXDOO\�� 7KDW LV� LI WKHUH H[LVWV D K\SRQRUPDO RSHUDWRU ZLWKRXW D QRQWULYLDO
LQYDULDQW VXEVSDFH� WKHQ LW LV HVVHQWLDOO\ QRUPDO� &RPELQLQJ WKLV ZLWK WKH DERYH
SURSRVLWLRQ� LW IROORZV WKDW WKH LQYDULDQW VXEVSDFH SUREOHP IRU K\SRQRUPDO RSHUD�
WRUV LV UHVWULFWHG WR WKH FODVV RI QRQTXDVLUHGXFLEOH K\SRQRUPDO RSHUDWRUV >��@�

3URSRVLWLRQ �� 4XDVLUHGXFLEOH K\SRQRUPDO RSHUDWRUV KDYH D QRQWULYLDO LQYDULDQW

VXEVSDFH�
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5HPDUN� 7KH IDFW WKDW D QRQTXDVLUHGXFLEOH VXEQRUPDO RSHUDWRU KDV D QRQWULYLDO LQ�

YDULDQW VXEVSDFH LV D WULYLDO FRUROODU\ RI WKH 6� %URZQ 7KHRUHP �HYHU\ VXEQRUPDO
RSHUDWRU KDV D QRQWULYLDO LQYDULDQW VXEVSDFH _ UHFDOO WKDW WKHUH H[LVW QRQTXDVL�
UHGXFLEOH VXEQRUPDO RSHUDWRUV�� +RZHYHU� DQ LQGHSHQGHQW SURRI RI WKH DERYH LWDOL�
FL]HG UHVXOW ZRXOG OHDG WR D QHZ SURRI IRU WKH 6� %URZQ 7KHRUHP �YLD 3URSRVLWLRQ
��� ZKLFK ZRXOG EH D FRQVHTXHQFH RI WKH /RPRQRVRY DQG %HUJHU^6KDZ 7KHRUHPV�

:H KDYH WRXFKHG LQ RQH W\SH RI H[WHQVLRQ RI WKH /RPRQRVRY 7KHRUHP �EDVHG RQ
>�@� >��@ DQG >��@�� )RU IXUWKHU UHVXOWV FRQVLGHULQJ H[WHQVLRQV LQ YDULRXV GLUHFWLRQV�
WKH UHDGHU LV UHIHUUHG WR >��@� >��@� >��@� >��@ DQG WKH UHIHUHQFHV WKHUHLQ�

5HI HU HQF HV

�� 1 � $ U RQ V]DMDQ DQ G .�7 � 6 P LWK � ,Q YDU LDQ W VXEVSDFHV RI FRPSOHW HO\ FRQ W LQ XRXV RSHU DW RU V� $ Q Q �
0DWK � �� ������� ���^����

�� % � % HDX ]DP \ � ,Q W U RGXFW LRQ W R 2SHU DW RU 7 KHRU \ DQ G ,Q YDU LDQ W 6 XEVSDFHV� 1 RU WK �+ ROODQ G � $ P �
VWHU G DP � �����

�� & �$ � % HU JHU DQ G % �,� 6 K DZ � 6 HOIFRPPXW DW RU V RI PXOW LF\ FOLF K\ SRQ RU PDO RSHU DW RU V DU H DOZ D\ V

W U DFH FODVV� % X OO� $ P HU � 0DWK � 6 RF� �� ������� ����^�����

�� & �$ � % HU JHU DQ G % �,� 6 K DZ � ,Q W HU W Z LQ LQ J� DQ DO\ W LF VW U XFW XU HV� DQ G W KH W U DFH Q RU P HVW LPDW H�
3 U RFHHG LQ JV RI D & RQ IHU HQ FH RQ 2S HU DWRU 7 K HRU \ � + DOLID[ � ����� /HFWX U H 1 RWHV LQ 0DWK �� 9 RO�
���� 6 S U LQ JHU � % HU OLQ � ����� �^��

�� $ �5� % HU Q VWHLQ DQ G $ � 5RE LQ VRQ � 6 ROXW LRQ RI W KH LQ YDU LDQ W VXEVSDFH SU REOHP RI . �7 � 6 PLW K

DQ G 3 �5 � + DOPRV� 3 DFLp F - � 0DWK � �� ������� ���^����
�� 6 �: � % U RZ Q � 6 RPH LQ YDU LDQ W VXEVSDFHV IRU VXEQ RU PDO RSHU DW RU V� ,Q WHJU DO ( T X DWLRQ V 2S HU DWRU

7 K HRU \ � ������� ���^����
�� - �% � & RQ Z D\ � $ & RXU VH LQ )XQ FW LRQ DO $ Q DO\ VLV� �Q G HG �� 6 S U LQ JHU � 1 HZ < RU N � �����
�� - �% � & RQ Z D\ � 7 KH 7 KHRU \ RI 6 XEQ RU PDO 2SHU DW RU V� 0DWK HP DWLFDO 6 X U Y H\ V DQ G 0RQ RJU DS K V�

9 RO� ��� $ P HU � 0DWK � 6 RF�� 3 U RY LG HQ FH� �����
�� - � 'DX JK WU \ � $ Q LQ YDU LDQ W VXEVSDFH W KHRU HP� 3 U RF� $ P HU � 0DWK � 6 RF� �� ������� ���^����

��� 3 � ( Q q R� 2Q W KH LQ YDU LDQ W VXEVSDFH SU REOHP IRU %DQ DFK VSDFHV� $ FWD 0DWK � ��� �������
���^����

��� 3 �5� + DOP RV� $ JOLPSVH LQ W R + LOEHU W VSDFH� /HFWX U HV RQ 0RG HU Q 0DWK HP DWLFV ,� : LOH\ � 1 HZ
< RU N � ����� �^���

��� 3 �5� + DOP RV� ,Q YDU LDQ W VXEVSDFHV RI SRO\ Q RPLDOO\ FRPSDFW RSHU DW RU V� 3 DFLp F - � 0DWK � ��

������ ���^����
��� 3 �5� + DOP RV� ,Q YDU LDQ W VXEVSDFHV ���� � �Rz & ROwRT X LR % U DVLOHLU R G H 0DWHP wDWLFD� 3 R|FRV G H

& DOG DV� ����� �DOVR VHH 3 �5� + DOP RV� 6 HOHFW D 5 HVHDU FK & RQ W U LEXW LRQ V� 6 S U LQ JHU � 1 HZ < RU N �
����� ���^�����

��� + � + HOVRQ � / HFW XU HV RQ ,Q YDU LDQ W 6 XEVSDFHV� $ FDG HP LF 3 U HVV� 1 HZ < RU N � �����
��� + �: � .LP � & � 3 HDU F\ DQ G $ �/� 6 K LHOG V� 5 DQ N� RQ H FRPPXW DW RU V DQ G K\ SHU LQ YDU LDQ W VXEVSDFHV�

0LFK LJDQ 0DWK � - � �� ������� ���^����

��� + �: � .LP � & � 3 HDU F\ DQ G $ �/� 6 K LHOG V� 6 XrFLHQ W FRQ GLW LRQ V IRU U DQ N� RQ H FRPPXW DW RU V DQ G

K\ SHU LQ YDU LDQ W VXEVSDFHV� 0LFK LJDQ 0DWK � - � �� ������� ���^����
��� & �6 � .X E U X VO\ � 4XDVLU HGXFLEOH RSHU DW RU V� ,Q WHU Q DW� - � 0DWK � 0DWK � 6 FL� ������� ������� ����^

�����
��� & �6 � .X E U X VO\ � + LOEHU W 6 SDFH 2SHU DW RU V� % LU N K �DX VHU � % RVWRQ � �����
��� 9 �,� /RP RQ RVRY � ,Q YDU LDQ W VXEVSDFHV IRU W KH IDPLO\ RI RSHU DW RU V Z KLFK FRPPXW H Z LW K D FRP�

SOHW HO\ FRQ W LQ XRXV RSHU DW RU � )X Q FWLRQ DO $ Q DO� $ S S O� � ������� ���^����
��� $ �- � 0LFK DHOV� + LOGHQ 
V VLPSOH SU RRI RI / RPRQ RVRY
V LQ YDU LDQ W VXEVSDFH W KHRU HP� $ G Y � 0DWK �

�� ������� ��^���
��� & �0� 3 HDU F\ � 6 RPH 5 HFHQ W ' HYHORSPHQ W V LQ 2SHU DW RU 7 KHRU \ � & % 06 5HJLRQ DO & RQ IHU HQ FH

6 HU LHV LQ 0DWK HP DWLFV Q R� ��� $ P HU � 0DWK � 6 RF�� 3 U RY LG HQ FH� �����
��� & � 3 HDU F\ DQ G $ � 6 K LHOG V� $ VXU YH\ RI W KH / RPRQ RVRY W HFKQ LTXH LQ W KH W KHRU \ RI LQ YDU L�

DQ W VXEVSDFHV� 7 RS LFV LQ 2S HU DWRU 7 K HRU \ � 0DWK HP DWLFDO 6 X U Y H\ V Q R� ��� $ P HU � 0DWK � 6 RF��
3 U RY LG HQ FH� �Q G S U �� ����� ��������

��� + � 5DG MDY L DQ G 3 � 5RVHQ WK DO� ,Q YDU LDQ W 6 XEVSDFHV� 6 S U LQ JHU � % HU OLQ � �����
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��� + � 5DG MDY L DQ G 3 � 5RVHQ WK DO� 7 KH LQ YDU LDQ W VXEVSDFH SU REOHP� 0DWK � ,Q WHOOLJHQ FHU � ������
��^���

��� & �- � 5HDG � $ VROXW LRQ W R W KH LQ YDU LDQ W VXEVSDFH SU REOHP� % X OO� /RQ G RQ 0DWK � 6 RF� �� �������

���^����
��� & �- � 5HDG � $ VROXW LRQ W R W KH LQ YDU LDQ W VXEVSDFH SU REOHP RQ W KH VSDFH C�� % X OO� /RQ G RQ 0DWK �

6 RF� �� ������� ���^����
��� & �- � 5HDG � 4XDVLQ LOSRW HQ W RSHU DW RU V DQ G W KH LQ YDU LDQ W VXEVSDFH SU REOHP� - � /RQ G RQ 0DWK �

6 RF� �� ������� ���^����
��� 3 � 5RVHQ WK DO� ( TXLYDOHQ W V RI W KH LQ YDU LDQ W VXEVSDFH SU REOHP� 3 DX O + DOP RV� & HOHE U DWLQ J ��

< HDU V RI 0DWK HP DWLFV� 6 S U LQ JHU � 1 HZ < RU N � ����� ���^����
��� 3 � 5RVHQ WK DO� �)HDWX U HG 5HY LHZ � 4XDVLQ LOSRW HQ W RSHU DW RU V DQ G W KH LQ YDU LDQ W VXEVSDFH SU REOHP

E \ & �- � 5HDG � 0DWK HP DWLFDO 5HY LHZ V ������� ��P �������
��� '� 6 DU DVRQ � ,Q YDU LDQ W VXEVSDFHV� 7 RS LFV LQ 2S HU DWRU 7 K HRU \ � 0DWK HP DWLFDO 6 X U Y H\ V Q R� ���

$ P HU � 0DWK � 6 RF�� 3 U RY LG HQ FH� �Q G S U �� ����� �^���
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