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$EVW U DF W � ( [ S RQ HQ WLDO VWDE LOLW\ DQ G S ODLQ H[ S RQ HQ WLDO VWDE LOLW\ RI VWU RQ JO\
FRQ WLQ X RX V VHP LJU RX S V� DQ G G LVVLS DWLY LW\ DQ G E RX Q G HG O\ VWU LFW G LVVLS DWLY LW\ RI
LWV JHQ HU DWRU � DU H LQ Y HVWLJDWHG � ,W LV S U RY HG WK DW G LVVLS DWLY LW\ LP S OLHV E RX Q G HG O\
VWU LFW G LVVLS DWLY LW\ LQ DQ HT X LY DOHQ W WRS RORJ\ � Z K LFK HQ VX U HV WK DW G LVVLS DWLY LW\
DQ G H[ S RQ HQ WLDO VWDE LOLW\ WRJHWK HU LP S O\ S ODLQ �H�VWDE LOLW\ LQ WK DW WRS RORJ\ �

�� ,QW U RGXF W LRQ

7KURXJKRXW WKLV SDSHU+ ZLOO VWDQG IRU D FRPSOH[ +LOEHUW DSDFH� /HW %>+@ GHQRWH
WKH %DQDFK DOJHEUD RI DOO �ERXQGHG OLQHDU� RSHUDWRUV RQ +�:H ZLOO EH GHDOLQJ ZLWK
VWURQJO\ FRQWLQXRXV VHPLJURXSV >7 �W�@  I7 �W� � W y �J �L�H�� VHPLJURXSV RI FODVV &��
RI RSHUDWRUV LQ %>+@� 7KH LQQHU SURGXFW DQG QRUP RQ + DUH GHQRWHG E\ Kc � cL DQG
E\ N c N� %HVLGHV WKH LQQHU SURGXFW Kc � cL ZH ZLOO DOVR EH GHDOLQJ ZLWK D VHFRQG LQQHU
SURGXFW Kc � cL3 DVVRFLDWHG ZLWK DQ DUELWUDU\ SRVLWLYH RSHUDWRU 3 LQ %>+@� QDPHO\�

K[ � \L3  K3[ � \L IRU HYHU\ [� \ � +�

VR WKDW WKH QRUP LQGXFHG E\ LW LV JLYHQ E\

N[N3  N3
�

�

[N IRU HYHU\ [ � +�

ZKHUH 3
�

� LQ %>+@ GHQRWHV WKH XQLTXH SRVLWLYH VTXDUH URRW RI 3 �

$ VHPLJURXS >7 �W�@ LV H[SRQHQWLDOO\ VWDEOH �RU H�VWDEOH� LI WKHUH H[LVW UHDO FRQVWDQWV
0 y � DQG o ! � VXFK WKDW

N7 �W�N x 0HboW IRU HYHU\ W y �

RU� HTXLYDOHQWO\� LI

N7 �W�[N x 0HboW N[N IRU HYHU\ [ � + DQG HYHU\ W ! ��

:H VKDOO UHIHU WR DQ\ FRQVWDQW o WKDW VDWLVpHV WKH DERYH LQHTXDOLW\ IRU DQ H�VWDEOH
VHPLJURXS DV D GHFD\ H[SRQHQW �

$ VHPLJURXS >7 �W�@ LV FRQWUDFWLYH� RU LW LV D FRQWUDFWLRQ VHPLJURXS� LI

N7 �W�N x � IRU DOO W y �
RU� HTXLYDOHQWO\� LI

N7 �W�[N x N[N IRU HYHU\ [ � + DQG DOO W ! ��

/HW $ � ' � + EH WKH JHQHUDWRU RI WKH VHPLJURXS >7 �W�@� ZKLFK LV D OLQHDU WUDQV�
IRUPDWLRQ� ,I >7 �W�@ LV D &��VHPLJURXS� WKHQ $ LV FORVHG DQG GHQVHO\ GHpQHG� ,I $ LV
GHQVHO\ GHpQHG �L�H�� LI ' LV D GHQVH OLQHDU PDQLIROG RI +�� WKHQ LW LV GLVVLSDWLYH LI

' DW H� $ S U LO ��� �����
���� 0DW KHPDW LFV 6 XEMHFW & ODVVLpFDW LRQ � ��'��� ��$ ���
. H\ Z RU GV� /\ DS X Q RY �HT X DWLRQ �LQ HT X DOLW\ � H[ S RQ HQ WLDO VWDE LOLW\ � E RX Q G HG O\ VWU LFW G LVVLS DWLY LW\ �

�
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5HK$[ �[L x � IRU HYHU\ [ � '�

,I >7 �W�@ LV D VWURQJO\ FRQWLQXRXV FRQWUDFWLYH VHPLJURXS �L�H�� D FRQWUDFWLYH &��
VHPLJURXS�� WKHQ LWV JHQHUDWRU $ LV PD[LPDO GLVVLSDWLYH LQ WKH VHQVH WKDW LW LV
GLVVLSDWLYH DQG WKHUH LV QR GLVVLSDWLYH H[WHQVLRQ RI LW RQ + >�� �� �@� $ GLVVLSDWLYH
JHQHUDWRU $ LV FDOOHG VWULFWO\ GLVVLSDWLYH LI

5HK$[ �[L � � IRU HYHU\ � � [ � '�

:H VD\ WKDW D VWULFWO\ GLVVLSDWLYH JHQHUDWRU $ LV ERXQGHGO\ VWULFW GLVVLSDWLYH �RU
XQLIRUPO\ GLVVLSDWLYH _ VHH >�� S���@� LI WKHUH H[LVWV D FRQVWDQW q ! � VXFK WKDW

5HK$[ �[L x bq N[N� IRU HYHU\ [ � '�

(YHQ LI DQ H�VWDEOH VHPLJURXS >7 �W�@ LV FRQWUDFWLYH� LW PD\ KDSSHQ WKDW WKH LQ�
HTXDOLW\ N7 �W�N x 0HboW IRU HYHU\ [ � + DQG HYHU\ W ! � RQO\ KROGV IRU FRQVWDQWV
0 ! � >�@� ,I D VHPLJURXS LV H�VWDEOH ZLWK0  �� WKHQ LW LV VDLG WR EH SODLQ�H�VWDEOH�
,Q RWKHU ZRUGV� >7 �W�@ LV SODLQ�H�VWDEOH LI WKHUH H[LVWV D FRQVWDQW o ! � VXFK WKDW

N7 �W�N x HboW IRU HYHU\ W y �
RU� HTXLYDOHQWO\� LI

N7 �W�[N x HboW N[N IRU HYHU\ [ � + DQG HYHU\ W ! ��

,Q WKLV FDVH� WKH VHPLJURXS >7 �W�@ LV REYLRXVO\ FRQWUDFWLYH �DQG KHQFH LW KDV D GLVVL�
SDWLYH JHQHUDWRU $� DV ZH VDZ DERYH�� 5HFDOO IURP >�@ WKDW DQ H�VWDEOH FRQWUDFWLRQ

&��VHPLJURXS LV SODLQ�H�VWDEOH LI DQG RQO\ LI LWV JHQHUDWRU LV ERXQGHGO\ VWULFW GLVVL�

SDWLYH >�� 7KHRUHP �@� $FWXDOO\� D FRQWUDFWLRQ &��VHPLJURXS LV SODLQ�H�VWDEOH LI DQG

RQO\ LI LWV JHQHUDWRU LV ERXQGHGO\ VWULFW GLVVLSDWLYH >�� &RUROODU\ �@ RU� HTXLYDOHQWO\�
D FRQWUDFWLRQ &��VHPLJURXS LV QRW SODLQ�H�VWDEOH LI DQG RQO\ LI LWV JHQHUDWRU LV QRW
ERXQGHGO\ VWULFW GLVVLSDWLYH� ZKLFK PHDQV WKDW IRU HYHU\ o ! � WKHUH H[LVW D YHFWRU
[o � + DQG D SRVLWLYH QXPEHU Wo ! � VXFK WKDW

HboW � N[oN � N7 �Wo�[oN

LI DQG RQO\ LI IRU HYHU\ q ! � WKHUH H[LVWV D YHFWRU [q � ' VXFK WKDW

bqN[qN � 5HK$[q �[qL x ��

)RU D FKDUDFWHUL]DWLRQ RI FRQWUDFWLRQ &��VHPLJURXSV WKDW DUH VWURQJO\ VWDEOH EXW
QRW SODLQ�H�VWDEOH VHH >�� &RUROODU\ �@� 7KH VSHFLDO FDVH RI SODLQ�H�VWDELOLW\ ZLWK
N[N  5HK$[ �[L IRU HYHU\ [ � ' ZDV LQYHVWLJDWHG LQ >�� &RUROODU\ �@� 6XEVSDFHV RI
SODLQ�H�VWDELOLW\ IRU FRQWUDFWLRQ &��VHPLJURXSV ZLWK VWULFWO\ GLVVLSDWLYH JHQHUDWRUV
ZHUH FRQVLGHUHG LQ >�� 7KHRUHP �@�

,Q WKH IROORZLQJ ZH ZLOO EH GHDOLQJ ZLWK GLVVLSDWLYLW\ �LQ SDUWLFXODU� ZLWK ERXQG�
HGO\ VWULFW GLVVLSDWLYLW\� RI WKH JHQHUDWRU $ ZLWK UHVSHFW WR WKH LQQHU SURGXFWKc � cL
LQ +� DV ZHOO DV ZLWK 3 �GLVVLSDWLYLW\ RI $� WKDW LV� GLVVLSDWLYLW\ RI $ ZLWK UHVSHFW
WR WKH LQQHU SURGXFW Kc � cL3 LQ + IRU D SRVLWLYH RSHUDWRU 3 LQ %>+@� :H LQYHVWLJDWH
WKH UROH RI GLVVLSDWLYLW\ RI WKH JHQHUDWRU $ RI D &��VHPLJURXS XQGHU WKH DVVXPS�
WLRQV RI H�VWDELOLW\ DQG SODLQ�H�VWDELOLW\ RI WKH VHPLJURXS�:H EHJLQ LQ 6HFWLRQ � E\
VKRZLQJ WKDW WKH QHFHVVDU\ DQG VXrFLHQW FRQGLWLRQV IRU H�VWDELOLW\ RI &��VHPLJURXSV
GXH WR 'DWNR �7KHRUHP ��� FDQ EH H[SUHVVHG LQ WHUPV RI 3 �ERXQGHGO\ VWULFW GLV�
VLSDWLYLW\ RI WKH JHQHUDWRU $ �&RUROODU\ ��� 6LQFH WKH UHVXOWV RI 7KHRUHP � GR QRW
DVVXPH WKDW WKH VHPLJURXS LV FRQWUDFWLYH� RXU DSSURDFK WR H�VWDELOLW\ RI FRQWUDFWLRQ



(;32 1(17,$/ 6 7$%,/ ,7< $1' ' ,6 6 ,3$7,9,7< �

VHPLJURXSV LV WR LPSRVH GLVVLSDWLYLW\ FRQVWUDLQWV RQ WKH JHQHUDWRU $ RI 7KHRUHP ��
7KH FHQWUDO UHVXOWV DSSHDU LQ 6HFWLRQ �� ZKHUH ZH LQYHVWLJDWH 3o�GLVVLSDWLYLW\ RI $
IRU D SRVLWLYH RSHUDWRU DVVRFLDWHG ERWK ZLWK WKH H�VWDELOLW\ FULWHULRQ RI 7KHRUHP �
DQG DOVR ZLWK WKH GHFD\LQJ H[SRQHQW RI H�VWDELOLW\� /HW 3 EH WKH SRVLWLYH RSHUDWRU
RI WKH /\DSXQRY HTXDWLRQ RI 7KHRUHP �� DQG OHW o GHQRWH DQ\ GHFD\LQJ H[SRQHQW
IRU DQ DUELWUDU\ H�VWDEOH VHPLJURXS� :H VKRZ LQ /HPPD � WKDW IRU DQ H�VWDEOH &��

VHPLJURXS� WKH QRUP DVVRFLDWHG ZLWK WKH SRVLWLYH RSHUDWRU 3o  3 � ��o�b�, LV

HTXLYDOHQW WR WKH +LOEHUW VSDFH QRUP� DQG DOVR WKDW LI WKH JHQHUDWRU RI DQ H�VWDEOH

&��VHPLJURXS LV GLVVLSDWLYH� WKHQ LW LV 3o�ERXQGHGO\ VWULFW GLVVLSDWLYH� 7KLV OHDGV WR
WKH PDLQ UHVXOW LQ 7KHRUHP �� ZKHUH ZH SURYH WKDW LI D &��VHPLJURXS KDV D GLVVLSD�

WLYH JHQHUDWRU �LQ SDUWLFXODU� LI WKH VHPLJURXS LV FRQWUDFWLYH� DQG LV H�VWDEOH� WKHQ

LW LV SODLQ�H�VWDEOH ZLWK UHVSHFW WR WKH HTXLYDOHQW QRUP DVVRFLDWHG ZLWK WKH SRVLWLYH

RSHUDWRU 3o  3 � ��o�b�,�

�� H�6W DELO LW \ DQG 3 �%RXQGHGO \ 6W U LF W 'LVVLSDW LYLW \

7DNH DQ\ SRVLWLYH RSHUDWRU 3 LQ %>+@ DQG FRQVLGHU WKH LQQHU SURGXFW Kc cL3 DQG
WKH QRUP N c N3 RQ + DVVRFLDWHG ZLWK 3� 7KH JHQHUDWRU $ RI D VHPLJURXS >7 �W�@ LV

�L� 3 �GLVVLSDWLYH LI 5HK$[ �[L3 x � IRU HYHU\ [ � '�

�LL� 3 �VWULFWO\ GLVVLSDWLYH LI 5HK$[ �[L3 � � IRU HYHU\ � � [ � '�

�LLL� 3 �ERXQGHGO\ VWULFW GLVVLSDWLYH LI 5HK$[ �[L3 x bq N[N�3 IRU HYHU\ [ � '� IRU
VRPH FRQVWDQW q ! ��

5HFDOO WKH IROORZLQJ UHVXOWV GXH WR 'DWNR >�@�

7KHRUHP �� /HW >7 �W�@ EH D &��VHPLJURXS RQ + ZLWK JHQHUDWRU $� 7KH IROORZLQJ

FRQGLWLRQV DUH HTXLYDOHQW�

�D� >7 �W�@ LV H[SRQHQWLDOO\ VWDEOH�

�E�
5

�

�
N7 �W�[N� GW � � IRU HYHU\ [ � +�

�F� 7KHUH H[LVWV D XQLTXH SRVLWLYH RSHUDWRU 3 �L�H�� 3 ! 2� RQ + VXFK WKDW

K3[ �[L  

=

�

�

N7 �W�[N� GW IRU HYHU\ [ � +�

DQG LW VDWLVpHV WKH /\DSXQRY HTXDWLRQ�

�5HK3$[ �[L  bN[N� IRU HYHU\ [ � '�

7KH QH[W UHVXOW LV D VWUDLJKWIRUZDUG FRQVHTXHQFH RI 7KHRUHP � WKDW ZLOO EH
QHHGHG LQ WKH VHTXHO�

&RUROODU\ �� /HW >7 �W�@ EH D &��VHPLJURXS RQ + ZLWK JHQHUDWRU $� 6XSSRVH WKHUH

H[LVW FRQVWDQWV 0y � DQG o ! � VXFK WKDW

N7 �W�N x 0HboW IRU HYHU\ W y �

�L�H�� VXSSRVH >7 �W�@ LV H[SRQHQWLDOO\ VWDEOH��

�D� 7KHUH H[LVWV D SRVLWLYH RSHUDWRU 3 LQ %>+@ VXFK WKDW

K3[ �[L x 0
�

�o N[N� IRU HYHU\ [ � +�
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(TXLYDOHQWO\� VXFK WKDW

3 x �
�o0

�,

�ZKHUH , GHQRWHV WKH LGHQWLW\ RSHUDWRU LQ %>+@��

�E� 0RUHRYHU�

5HK$[ �[L3 x b o
0

� N[N�3 IRU HYHU\ [ � '

�VR WKDW WKH JHQHUDWRU $ LV 3 �ERXQGHGO\ VWULFW GLVVLSDWLYH��

�F� )XUWKHUPRUH� LI

3  �
�o0

�,�

WKHQ $ LV ERXQGHGO\ VWULFW GLVVLSDWLYH�

3URRI� �D� 6LQFH
5

�

�
0�Hb�oW GW  0

�

�o IRU HYHU\ QRQ]HUR FRQVWDQWV 0 DQG o� LW
IROORZV WKDW� LI N7 �W�[N x 0HboWN[N IRU HYHU\ [ � + DQG HYHU\ W ! �� WKHQ WKH
UHVXOW LQ �D� LV D FRQVHTXHQFH RI 7KHRUHP ��F��

�E� 0RUHRYHU� VLQFH �5HK$[ �[L3  �5HK3$[ �[L  bN[N� IRU HYHU\ [ � ' E\ WKH
/\DSXQRY HTXDWLRQ LQ 7KHRUHP ��F�� LW IROORZV E\ LWHP �D� WKDW� IRU HYHU\ [ � '�

�5HK$[ �[L3  bN[N� x b �o
0

� K3[ �[L  b �o
0

� N[N�3 �

�F� )LQDOO\� UHFDOO IURP �D� WKDW 3 x �
�o0

�� ,I 3  �
�o0

�� WKHQ� E\ WKH /\DSXQRY

HTXDWLRQ LQ 7KHRUHP ��D�� 5HK$[ �[L  b o
0

� N[N� IRU HYHU\ [ � '� DQG VR $ LV
ERXQGHGO\ VWULFW GLVVLSDWLYH�

2EVHUYH IURP &RUROODU\ ��D�F� WKDW LI WKH JHQHUDWRU RI WKH H�VWDEOH &��VHPLJURXS
LV QRW ERXQGHGO\ VWULFW GLVVLSDWLYH� WKHQ 3 x �

�o0
�, DQG 3 � �

�o0
�, �ZKLFK GRHV

QRW LPSO\ WKDW 3 � �
�o0

�,��

&RQGLWLRQV IRU H�VWDELOLW\ RI XQLIRUPO\ FRQWLQXRXV VHPLJURXSV� LQ WHUPV RI ERXQG�
HGO\ VWULFW GLVVLSDWLYH JHQHUDWRUV ZHUH GLVFXVVHG LQ >�@� )RU FRQWUDFWLRQ VHPLJURXSV
LW IROORZV WKDW LI D XQLIRUPO\ FRQWLQXRXV FRQWUDFWLRQ VHPLJURXS ZLWK D VWULFWO\ GLV�

VLSDWLYH JHQHUDWRU LV H�VWDEOH� WKHQ LW LV SODLQ�H�VWDEOH >�� &RUROODU\ �@�

�� H�6W DELO LW \� 'LVVLSDW LYLW \� DQG 3O DLQ�H�6W DELO LW \

:H QRZ VKRZ WKDW GLVVLSDWLYLW\ DQG 3 �ERXQGHGO\ VWULFW GLVVLSDWLYLW\ RI WKH JHQ�
HUDWRU RI DQ H�VWDEOH &��VHPLJURXS FDQ EH FRQQHFWHG E\ PHDQV RI WKH LQQHU SURGXFW
Kc � cL3 � ��o� �

�

, RQ +� ZKLFK LV GHpQHG� IRU HYHU\ SRVLWLYH QXPEHU o� E\

K[ � \L3 � ��o� �

�

,  K�3 � ��o�b�,�[ � \L IRU HYHU\ [� \ � +�

ZKHUH 3 ! � LV WKH XQLTXH VROXWLRQ WR WKH /\DSXQRY HTXDWLRQ RI 7KHRUHP ��F��
6XSSRVH o LV DQ\ GHFD\ H[SRQHQW IRU DQ H�VWDEOH VHPLJURXS� DQG FRQVLGHU WKH QRUP
N c N3 � ��o� �

�

, RQ + JHQHUDWHG E\ WKH LQQHU SURGXFW Kc � cL3 � ��o� �

�

, RQ +�

/HPPD �� 6XSSRVH >7 �W�@ LV DQ H�VWDEOH &��VHPLJURXS RQ +� VR WKDW WKHUH H[LVW

FRQVWDQWV 0y � DQG o ! � VXFK WKDW

N7 �W�N x 0HboW IRU HYHU\ W y ��

7KHQ WKH QRUPV N c N DQG N c N3 � ��o� �

�

, VDWLVI\ WKH LQHTXDOLWLHV
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�
3 � ��o� �

�

, x N[N� x �oN[N�3 � ��o� �

�

, IRU HYHU\ [ � +�

DQG VR WKH\ DUH HTXLYDOHQW� ,I WKH JHQHUDWRU $ RI >7 �W�@ LV GLVVLSDWLYH �LQ SDUWLFXODU�

LI >7 �W�@ LV FRQWUDFWLYH�� WKHQ

5HK$[ �[L3 � ��o� �

�

, x bN[N� IRU HYHU\ [ � '�

DQG WKHUHIRUH

�E� 5HK$[ �[L3 � ��o� �

�

, x b o
0

�

� �N[N
�
3 � ��o� �

�

, IRU HYHU\ [ � '�

VR WKDW $ LV �3 � ��o�b�,��ERXQGHGO\ VWULFW GLVVLSDWLYH�

3URRI� 7KH YHU\ GHpQLWLRQ RI WKH QRUP N c N3 � ��o� �

�

, OHDGV WR

N[N�3 � ��o� �

�

,  K�3 � ��o�b�,�[ �[L  N[N�3 �
�
�oN[N

�

IRU HYHU\ [ � +� 7KXV� XQGHU WKH H�VWDELOLW\ DVVXPSWLRQ� &RUROODU\ ��D� VD\V WKDW

N[N�3 x 0
�

�o N[N�� DQG VR

N[N�3 � ��o� �

�

, x 0
�

�o N[N� � �
�oN[N

�  0
�

� �
�o N[N�

IRU HYHU\ [ � +� 7KH DERYH WZR H[SUHVVLRQV HQVXUH WKH LQHTXDOLWLHV LQ �D�� 7DNH
DQ DUELWUDU\ [ � '� 6LQFH 5HK$[ �[L3 � ��o� �

�

,  5HK$[ �[L3 �
�
�o5HK$[ �[L� DQG

VLQFH �5HK$[ �[L3  bN[N� E\ 7KHRUHP ��F�� LW IROORZV WKDW

�5HK$[ �[L3 � ��o� �

�

,  bN[N� � �
o
5HK$[ �[L�

7KHUHIRUH� LI $ LV GLVVLSDWLYH� WKHQ 5HK$[ �[L x �� DQG VR

�5HK$[ �[L3 � ��o� �

�

, x bN[N��

7KXV ZH JHW WKH LQHTXDOLW\ LQ �E� E\ XVLQJ WKH pUVW LQHTXDOLW\ LQ �D��

,I D &��VHPLJURXS ZLWK D GLVVLSDWLYH JHQHUDWRU LV H�VWDEOH� WKHQ LW LV SODLQ�H�VWDEOH

ZLWK UHVSHFW WR WKH HTXLYDOHQW QRUP DVVRFLDWHG ZLWK WKH RSHUDWRU 3 � ��o�b�, ! 2�

7KHRUHP �� 6XSSRVH >7 �W�@ LV DQ H�VWDEOH &��VHPLJURXS RQ +� VR WKDW WKHUH H[LVW

FRQVWDQWV 0y � DQG o ! � VXFK WKDW

N7 �W�[N x 0HboW N[N IRU HYHU\ W y � IRU HYHU\ [ � +�

,I LWV JHQHUDWRU $ LV GLVVLSDWLYH� WKHQ >7 �W�@ LV SODLQ�H�VWDEOH LQ WKH �3 � ��o�b�,��
QRUP� ZKLFK PHDQV WKDW WKHUH H[LVWV D FRQVWDQW p ! � VXFK WKDW

N7 �W�[N3 � ��o� �

�

, x HbpWN[N3 � ��o� �

�

, IRU HYHU\ [ � +�

3URRI� 7DNH DQ DUELWUDU\ [ � '� 6HW p  o
0

�

� � ! � DQG 3o  3 � ��o�b�, ! 2 LQ

%>+@� /HPPD ��E� FDQ EH UHZULWWHQ DV 5HK$[ �[L3 � x bpN[N�3 �
� DQG WKHUHIRUH

5HK�$� p,�[ �[L3 � x �� 7KHQ� VLQFH ' LV 7 �LQYDULDQW� LW IROORZV WKDW

5H
n

�$� p,�HpW7 �W�[ � HpW7 �W�[
o

3 �
x ��

7KXV� VLQFH WKH JHQHUDWRU RI WKH VHPLJURXS >HpW7 �W�@ LV $� p,� LW DOVR IROORZV WKDW

G
GW

NHpW7 �W�[N�3 �
 �5H

n

�$� p,�HpW7 �W�[ � HpW7 �W�[
o

3 �
x �
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>�� S������@� ,QWHJUDWLQJ RYHU >�� W@ ZH JHW N7 �W�[N�3 �
b HbpWN7 ���[N�3 �

x �� DQG VR

N7 �W�[N�3 �
x HbpWN[N�3 �

IRU HYHU\ W y ��

([WHQGLQJ E\ FRQWLQXLW\ IURP WKH GHQVH GRPDLQ ' WR WKH ZKROH VSDFH +�
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