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$EVW U DF W � 7 K H FRQ FHS W RI + LOE HU W VS DFH G LVVLS DWLY H Q RU P Z DV LQ WU RG X FHG LQ
>�@ WR RE WDLQ Q HFHVVDU \ DQ G VX r FLHQ W FRQ G LWLRQ V IRU H[ S RQ HQ WLDO VWDE LOLW\ RI
FRQ WU DFWLRQ VHP LJU RX S V� ,Q WK H S U HVHQ W S DS HU Z H VK RZ WK DW WK H VDP H FRQ FHS W
FDQ DOVR E H X VHG WR G HU LY H IX U WK HU S U RS HU WLHV RI FRQ WU DFWLRQ VHP LJU RX S V� DV Z HOO
DV WR FK DU DFWHU L]H VWU RQ JO\ VWDE OH VHP LJU RX S V WK DW DU H Q RW H[ S RQ HQ WLDOO\ VWDE OH�

�� ,QW U RGXF W LRQ

6WURQJ VWDELOLW\ RI FRQWLQXRXV DQG GLVFUHWH RSHUDWRU VHPLJURXSV RQ %DQDFK DQG
+LOEHUW VSDFHV KDYH EHHQ H[WHQVLYHO\ VWXGLHG LQ FXUUHQW OLWHUDWXUH� :H UHIHU WR >�@ IRU
D UHFHQW DQG FRPSUHKHQVLYH GLVFXVVLRQ� 7KH SUHVHQW SDSHU LV D VHTXHO WR RXU HoRUW
WR JR DIWHU VWURQJ VWDELOLW\ RI FRQWLQXRXV DQG GLVFUHWH +LOEHUW VSDFH FRQWUDFWLRQ
VHPLJURXSV >�� �� �� �� ��@�

1HFHVVDU\ DQG VXrFLHQW FRQGLWLRQV IRU H�VWDELOLW\ �L�H�� H[SRQHQWLDO VWDELOLW\� DQG
V�VWDELOLW\ �L�H�� VWURQJ VWDELOLW\� RI +LOEHUW VSDFH FRQWUDFWLRQ VHPLJURXSV ZHUH UH�
FHQWO\ REWDLQHG LQ >�@ LQ WHUPV RI DQ LQHTXDOLW\ LQYROYLQJ WKH +LOEHUW VSDFH QRUP DQG
WKH GLVVLSDWLYH QRUP� 7KLV QRWH LV D VHTXHO WR >�@� +HUH ZH VKRZ VHYHUDO DSSOLFDWLRQV
RI GLVVLSDWLYH QRUP WR +LOEHUW VSDFH FRQWUDFWLRQ VHPLJURXSV�

,Q WKH IROORZLQJ >7 �W�@  I7 �W� � W y �J ZLOO DOZD\V GHQRWH D &��VHPLJURXS �L�H�
D VWURQJO\ FRQWLQXRXV VHPLJURXS� RI FRQWUDFWLRQ RSHUDWRUV RYHU D FRPSOH[ +LOEHUW
VSDFH +� ZLWK LQQHU SURGXFW Kc � cL DQG QRUP N c N� ,W LV VDLG WR EH H[SRQHQWLDOO\

VWDEOH �RU H�VWDEOH� LI WKHUH H[LVW UHDO FRQVWDQWV o ! � DQG 0 y � VXFK WKDW

N7 �W�N x 0HboW IRU HYHU\ W y �

�HTXLYDOHQWO\� LI N7 �W�[N x 0HboWN[N IRU HYHU\ [ � + DQG HYHU\ W y ��� ,W LV VDLG WR
EH SODLQ�H�VWDEOH LI LW LV H�VWDEOH ZLWK 0  �� 5HFDOO WKDW >7 �W�@ LV XQLIRUPO\ VWDEOH

�L�H�� OLPW� � N7 �W�N  �� LI DQG RQO\ LI LW LV H[SRQHQWLDOO\ VWDEOH >�@� $ VHPLJURXS
>7 �W�@ LV VWURQJO\ VWDEOH �RU V�VWDEOH� LI

OLP
W� �

N7 �W�[N  � IRU HYHU\ [ � +�

7KH JHQHUDWRU $ � ' � + RI >7 �W�@ LV D FORVHG OLQHDU WUDQVIRUPDWLRQ RQ D GHQVH
OLQHDU PDQLIROG '  '�$� RI +� 0RUHRYHU� $ LV PD[LPDO GLVVLSDWLYH� WKDW LV�

5HK$[ �[L x � IRU HYHU\ [ � '�

DQG PD[LPDO EHFDXVH LW GRHV QRW DGPLW DQ\ GLVVLSDWLYH H[WHQVLRQ LQ + >�� �@� 7KH
JHQHUDWRU $ LV FDOOHG VWULFWO\ GLVVLSDWLYH LI

' DW H� 6 X E P LWWHG � - X Q H ��� ����� U HY LVHG � )HE U X DU \ ��� �����
���� 0DW KHPDW LFV 6 XEMHFW & ODVVLpFDW LRQ � ��'��� ��$ ���
. H\ Z RU GV� + LOE HU W VS DFH FRQ WU DFWLRQ VHP LJU RX S V� G LVVLS DWLY H Q RU P DQ G VWDE LOLWLHV�

�
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5HK$[ �[L � � IRU HYHU\ � � [ � '�

,W LV UHDGLO\ YHULpHG WKDW LI WKH JHQHUDWRU $ LV VWULFWO\ GLVVLSDWLYH� WKHQ WKH IXQFWLRQDO
�b�5HK$c � cL�

�

� � ' � 5 GHpQHV D QRUP RQ WKH OLQHDU PDQLIROG '� 6XFK D QRUP RQ
' LV FDOOHG D GLVVLSDWLYH QRUP >�@ DQG LV GHQRWHG E\ N c NG� WKDW LV�

N[NG  �b�5HK$[ �[L�
�

�

IRU HYHU\ [ � '�

([SUHVVLRQV IRU N c NG LQ WHUPV RI WKH JHQHUDWRU $ DV ZHOO DV RI WKH FRJHQHUDWRU
6 WKDW ZLOO EH QHHGHG WKURXJKRXW WKH SDSHU DUH FRQVLGHUHG LQ 6HFWLRQ �� DQG WKHQ
ZH REWDLQ VRPH LQHTXDOLWLHV LQYROYLQJ ERWK QRUPV N c N DQG N c NG WKDW ZLOO EH
UHTXLUHG IRU GHULYLQJ IXUWKHU SURSHUWLHV RI WKH JHQHUDWRU DQG FRJHQHUDWRU RI >7 �W�@�
7KH PDLQ UHVXOWV DSSHDU LQ 6HFWLRQ �� 7KH\ GHDO ZLWK VWURQJO\ DQG H[SRQHQWLDOO\
VWDEOH VHPLJURXSV� ([SRQHQWLDO DQG VWURQJ VWDELOLW\ DUH FRPSDUHG� OHDGLQJ WR D
FKDUDFWHUL]DWLRQ RI VWURQJO\ VWDEOH VHPLJURXSV WKDW DUH QRW H[SRQHQWLDOO\ VWDEOH�

�� 3U HO LP LQDU LHV

/HW $ EH WKH JHQHUDWRU RI WKH VHPLJURXS >7 �W�@� 5HFDOO WKDW

N�$h ,�[N�  N$[N� � N[N� h �5HK$[ �[L�����

IRU HYHU\ [ � '� DQG WKDW $ LV GLVVLSDWLYH� ,I� LQ DGGLWLRQ� $ LV VWULFWO\ GLVVLSDWLYH�
WKHQ WKH GLVVLSDWLYH QRUP

N[N�G  b�5HK$[ �[L�����

LV H[SUHVVHG DV

N[N�G  
�

�

b

N�$b ,�[N� b N�$� ,�[N�
c

�����

IRU HYHU\ [ � '� 7KH FRJHQHUDWRU 6  �$� ,��$b ,�b� RI >7 �W�@ LV WKH &D\OH\
WUDQVIRUP RI WKH JHQHUDWRU $� 6LQFH $ LV GLVVLSDWLYH� LW IROORZV E\ ����� WKDW N[N x
N�$b ,�[N IRU HYHU\ [ � '� DQG VR $b , LV LQMHFWLYH� $FWXDOO\� LQ WKLV FDVH� $b ,
KDV D ERXQGHG LQYHUVH RQ LWV UDQJH� 7KHUHIRUH >�� �@�

6  �$� ,��$b ,�b�  , � ��$b ,�b�  b, � �$�$b ,�b�������

0RUHRYHU� �  � �3 �6�� ZLWK �3 �6� VWDQGLQJ IRU WKH SRLQW VSHFWUXP RI 6 �L�H�� 6 b ,
LV LQMHFWLYH�� DQG WKH GRPDLQ RI 6 b , �DQG VR WKH GRPDLQ RI 6� FRLQFLGHV ZLWK WKH
UDQJH RI $b , �L�H�� '�6 b ,�  5�$b ,�� ZKLFK LV DOO RI + �L�H�� �$b ,�'  +
EHFDXVH $ LV GHQVHO\ GHpQHG� >�� �@� &RQYHUVHO\� WKH JHQHUDWRU $ FDQ EH H[SUHVVHG
LQ WHUPV RI WKH FRJHQHUDWRU 6 DV IROORZV >�� �@�

$  �6 � ,��6 b ,�b�  , � ��6 b ,�b�  b, � �6�6 b ,�b�������

5HFDOO WKDW WKH UDQJH RI 6 b , FRLQFLGHV ZLWK WKH GRPDLQ RI $ �L�H�� 5�6b ,�  '��

7KH IROORZLQJ H[SUHVVLRQV RI N c NG LQ WHUPV RI 6 FDQ EH UHDGLO\ YHULpHG E\ XVLQJ
WKH SUHYLRXV LGHQWLWLHV IURP ����� WR �����
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/HPPD �� /HW >7 �W�@ EH D FRQWUDFWLRQ VHPLJURXS ZLWK D VWULFWO\ GLVVLSDWLYH JHQHU�

DWRU $ DQG FRJHQHUDWRU 6� 7KHQ� IRU HYHU\ [ � '�

N[N�G  �
b

N�6 b ,�b�[N� b N6�6 b ,�b�[N�
c

������

0RUHRYHU� LI [  �6 b ,�\ � ' IRU VRPH \ � +�

N[N�G  �
b

N\N� b N6\N�
c

�����

 �N'\N������

 �N'�6 b ,�b�[N�  �

�
N'�$b ,�[N�������

ZKHUH

'  �, b 6e6�
�

�

������

LV WKH GHIHFW RSHUDWRU RI WKH FRQWUDFWLRQ 6 >��@�

1RWH WKDW� XQGHU WKH DVVXPSWLRQ RI /HPPD �� WKH FRJHQHUDWRU 6 LV� LQ IDFW� D
SURSHU FRQWUDFWLRQ� WKDW LV�

N6\N � N\N IRU HYHU\ � � \ � +�������

EHFDXVH WKH OHIW VLGH RI ����� LV SRVLWLYH� �5HFDOO WKDW '�6�  '�6 b ,�  +�� 6LQFH
N[N�G  b�5HK$[ �[L IRU HYHU\ [ � ' �FI� ������� LW LV DOVR HDV\ WR VHH IURP �����
DQG ����� WKDW WKH IROORZLQJ LQHTXDOLWLHV KROG�

/HPPD �� &RQVLGHU WKH DVVXPSWLRQV RI WKH SUHYLRXV OHPPD� 7KHQ� IRU [ � '�

N[N� x N�$b ,�[N��������

N[N�G x �

�
N�$b ,�[N��������

N[N� x N[N�G � N�$� ,�[N� x N[N�G � N�$b ,�[N��������

N[N�G x N$[N� � N[N��������

N$[N� x N[N�G � N�$� ,�[N� x N[N�G � N�$b ,�[N��������

,Q JHQHUDO� QHLWKHU N c N QRU N c NG GRPLQDWHV WKH RWKHU� +RZHYHU� LI >7 �W�@ LV
H�VWDEOH RU V�VWDEOH WKHQ WKH VLWXDWLRQ EHFRPHV FOHDUHU� DV ZH VKDOO VHH LQ WKH VHTXHO�

�� ([SRQHQW LDO DQG 6W U RQJ 6W DELO LW LHV

:H EHJLQ WKLV VHFWLRQ RQ WKH FKDUDFWHUL]DWLRQ RI VWURQJ DQG H[SRQHQWLDO VWDELOLWLHV
E\ UHFDOOLQJ WKH IROORZLQJ UHVXOWV IURP >�@�

/HPPD �� ,I >7 �W�@ LV D FRQWUDFWLRQ VHPLJURXS ZLWK D VWULFWO\ GLVVLSDWLYH JHQHUDWRU

$� WKHQ� IRU HYHU\ [ � '�

�L�

= �

�

N7 �W�[N�G GW x N[N��

�LL� >7 �W�@ LV SODLQ�H�VWDEOH LI DQG RQO\ LI WKHUH H[LVWV D FRQVWDQW o ! � VXFK WKDW

oN[N x N[NG�

�LLL� >7 �W�@ LV V�VWDEOH LI DQG RQO\ LI
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= �

�

N7 �W�[N�G GW  N[N��

3URRI� 6HH /HPPD �� 7KHRUHP �� DQG 5HPDUN � LQ >�@� VHH DOVR >�@ IRU SDUW �LLL��

2XU pUVW WKHRUHP SUHVHQWV IXUWKHU SURSHUWLHV RI WKH FRJHQHUDWRU 6 DV D FRQVH�
TXHQFH RI WKH HTXLYDOHQW FRQGLWLRQ IRU H�VWDELOLW\ LQ /HPPD ��LL��

7KHRUHP �� /HW >7 �W�@ EH D FRQWUDFWLRQ VHPLJURXS ZLWK D VWULFWO\ GLVVLSDWLYH JHQ�

HUDWRU $ DQG FRJHQHUDWRU 6� 7KHQ WKH IROORZLQJ SURSRVLWLRQV KROG�

�L� 7KH GHIHFW RSHUDWRU ' RI 6 LV D FRQWUDFWLRQ�

�LL� 6XSSRVH >7 �W�@ LV SODLQ�H�VWDEOH� 7KHQ WKHUH H[LVWV DQ o ! � VXFK WKDW

�LL�D� oN�6 b ,�\N� x N\N� b N6\N��

DQG VR

�LL�E� o
b

N\N b N6\N
c�

x oN�6 b ,�\N� x N\N� b N6\N��

IRU HYHU\ \ � +� )RU VXFK DQ o LW IROORZV WKDW� 6 b , LV D FRQWUDFWLRQ LI o y �� 6
LV ERXQGHGO\ LQYHUWLEOH LI o ! �� DQG $ LV ERXQGHGO\ LQYHUWLEOH LI o ! �

�
�

3URRI� )LUVW UHFDOO WKDW� XQGHU WKH DERYH DVVXPSWLRQV� 6 LV D SURSHU FRQWUDFWLRQ�

�L� )URP ������ ������ ����� DQG ������� IRU HYHU\ [  �6 b ,�\ � ' DQG \ � +�

�N'\N�  N[N�G x �

�
N�$b ,�[N�  �

�
N�$b,��6b,�\N�  �

�
N�$b,� � �$b ,�b�\N��

DQG WKHUHIRUH� IRU HYHU\ \ � +�

N'\N x N\N�

�LL� 8QGHU WKH DGGLWLRQDO H�VWDELOLW\ DVVXPSWLRQ� /HPPD ��LL� HQVXUHV WKH H[LVWHQFH
RI DQ o ! � VXFK WKDW� IRU HYHU\ [ � '�

�oN[N� x N[N�G�

&RQVLGHU WKLV o ! �� 7KXV �LL�D� IROORZV IURP ����� E\ VHWWLQJ [  �6 b ,�\ � '�
0RUHRYHU� LW LV SODLQ �E\ WKH WULDQJOH LQHTXDOLW\� WKDW� IRU HYHU\ \ � +�

p

pN6\N b N\N
p

p x N�6 b ,�\N�

7KLV DQG �LL�D� OHDG WR �LL�E�� )XUWKHUPRUH� ZH DOVR KDYH IURP �LL�D� WKDW

oN�6 b ,�\N� x N\N�

IRU HYHU\ \ � +� +HQFH 6 b , LV D FRQWUDFWLRQ LI o y �� 0RUHRYHU� IURP �LL�E��

o
b

N\N b N6\N
c�

x N\N� � N6\N��

RU
ob�

o� �
N\N� x N6\N��

IRU HYHU\ \ � +� 7KHUHIRUH� LI o ! �� WKHQ 6 LV ERXQGHGO\ LQYHUWLEOH �L�H�� 6 KDV D
ERXQGHG LQYHUVH�� )LQDOO\� IURP �������

�oN[N� x N[N�G x N$[N� � N[N��
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VR WKDW
��ob ��N[N� x N$[N��

IRU HYHU\ [ � '� +HQFH $ LV ERXQGHGO\ LQYHUWLEOH LI WKDW o LV VXFK WKDW o ! �

�
�

,I D FRQWUDFWLRQ VHPLJURXS >7 �W�@ LV RQO\ V�VWDEOH EXW QRW H�VWDEOH� WKHQ LWV JHQ�
HUDWRU $ LV LQMHFWLYH EXW LW PD\ QRW EH ERXQGHGO\ LQYHUWLEOH� ,Q IDFW� LW LV LQMHFWLYH
VLQFH� IRU DQ\ � � [ � '� LI $[  �� WKHQ 7 �W�[  [ IRU HYHU\ W y �� WKXV LPSO\�
LQJ WKDW 7 �W�[ � [ DV W � �� ZKLFK LV D FRQWUDGLFWLRQ� +HQFH� LI >7 �W�@ LV V�VWDEOH�
WKHQ 1 �$�  I�J �L�H�� $ LV LQMHFWLYH�� ZKHUH 1 �$� GHQRWHV WKH NHUQHO RI $�

7KH DERYH IDFWV DQG 7KHRUHP ��LL� PD\ KLQW RQ WKH GLoHUHQFH ZKLFK VHSDUDWHV
V�VWDELOLW\ YLD H�VWDELOLW\ �L�H�� H�VWDELOLW\� ZKLFK FOHDUO\ LPSOLHV V�VWDELOLW\� IRU FRQ�
WUDFWLRQ VHPLJURXSV DQG VWDQG�DORQH V�VWDELOLW\ �L�H�� V�VWDELOLW\ IRU QRQ�H�VWDEOH FRQ�
WUDFWLRQ VHPLJURXSV��

&RUROODU\ �� /HW $ EH D VWULFWO\ GLVVLSDWLYH JHQHUDWRU RI D FRQWUDFWLRQ VHPLJURXS

>7 �W�@� ,I $ LV ERXQGHGO\ LQYHUWLEOH� DQG LI WKHUH H[LVWV D FRQVWDQW q y � VXFK WKDW

N�$� ,�[N x qN[NG

IRU HYHU\ [ � '� WKHQ

N�$� ,�[N x
S
� q
�

N�$b ,�[N

IRU HYHU\ [ � '� DQG >7 �W�@ LV SODLQ�H�VWDEOH�

3URRI� ,I WKH JHQHUDWRU $ KDV D ERXQGHG LQYHUVH� WKHQ WKHUH H[LVWV D FRQVWDQW p ! �
VXFK WKDW

pN[N� x N$[N�

IRU HYHU\ [ � '� +HQFH� E\ ����� ZLWK N[N�G  b�5HK$[ �[L�

pN[N� x N$[N�  N�$� ,�[N� b N[N� � N[N�G�

DQG WKHUHIRUH

�p � ��N[N� x N[N�G � N�$� ,�[N������

IRU HYHU\ [ � '� 1RZ VXSSRVH WKDW WKHUH H[LVWV D FRQVWDQW q ! � VXFK WKDW

N�$� ,�[N x qN[NG

IRU HYHU\ [ � '� 7KLV DQG ������ LPSO\ WKDW

N�$� ,�[N� x q�N[N�G x q
�

�
N�$b ,�[N��

DQG VR
N�$� ,�[N x

S
� q
�

N�$b ,�[N�

IRU HYHU\ [ � '� DQG DOVR WKDW� IURP ������

�p � ��N[N� x �q� � ��N[N�G

IRU HYHU\ [ � '� ZKLFK HQVXUHV WKDW >7 �W�@ LV SODLQ�H�VWDEOH E\ /HPPD ��LL��

7KH QH[W UHVXOW H[KLELWV IXUWKHU QHFHVVDU\ DQG VXrFLHQW FRQGLWLRQV IRU H�VWDELOLW\
WKDW� DV IDU DV ZH FDQ WHOO� KDYH QRW EHHQ GLVFXVVHG EHIRUH�
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7KHRUHP �� /HW >7 �W�@ EH D FRQWUDFWLRQ VHPLJURXS ZLWK D VWULFWO\ GLVVLSDWLYH JHQ�

HUDWRU $� 7KH IROORZLQJ DVVHUWLRQV DUH SDLUZLVH HTXLYDOHQW�

�L� >7 �W�@ LV H�VWDEOH�

�LL�

= �

�

N7 �W��$b ,�[N�GW � � IRU HYHU\ [ � '�

�LLL�

= �

�

N7 �W��$� ,�[N�GW � � IRU HYHU\ [ � '�

3URRI� ,I $ LV VWULFWO\ GLVVLSDWLYH� WKHQ ZH KDYH IURP ������ WKDW

N7 �W�[N� x N7 �W�[N�G � N7 �W��$b ,�[N�

IRU HYHU\ [ � ' DQG HYHU\ W y �� VLQFH 7 �W�[ � ' IRU HYHU\ [ � ' DQG 7 �W� DQG $
FRPPXWH RQ '� ,QWHJUDWLQJ WKH DERYH H[SUHVVLRQ RQ >�� W@ ZH JHW

= W

�

N7 ���[N�G� x

= W

�

N7 ���[N�G G� �

= W

�

N7 ����$b ,�[N�G�

IRU HYHU\ [ � ' DQG W y �� 7KXV LW IROORZV E\ /HPPD ��L� DQG DVVHUWLRQ �LL� WKDW
= �

�

N7 �W�[N�GW � � IRU HYHU\ [ � '�

ZKLFK� ZKHQ H[WHQGHG E\ FRQWLQXLW\ �RI WKH LQWHJUDO IXQFWLRQDO� RYHU DOO + OHDGV
WR 'DWNR
V HTXLYDOHQW FRQGLWLRQ IRU H�VWDELOLW\ >�@� &RQYHUVHO\� LI >7 �W�@ LV H�VWDEOH�
WKHQ 'DWNR
V HTXLYDOHQW FRQGLWLRQ IRU H�VWDELOLW\ >�@� QDPHO\�

= �

�

N7 �W�]N�GW � � IRU HYHU\ ] � +������

KROGV� ,Q SDUWLFXODU� IRU ]  �$b ,�[ LQ 5�$b ,�  + WKLV LPSOLHV WKDW DVVHUWLRQ
�LL� KROGV WUXH IRU HYHU\ [ � '� $ VLPLODU DUJXPHQW �QRZ ZLWK ]  �$� ,�[ LQ
5�$� ,� v +� DSSOLHV WR DVVHUWLRQ �LLL��

1RWH WKDW WKH FRQGLWLRQV RI 7KHRUHP � DUH PLOGHU WKDQ WKDW RI 'DWNR
V LQ ������

:H QRZ WXUQ WR V�VWDELOLW\ RI FRQWUDFWLRQ VHPLJURXSV�

/HPPD �� /HW >7 �W�@ EH FRQWUDFWLRQ VHPLJURXS ZLWK D VWULFWO\ GLVVLSDWLYH JHQHUDWRU

$� ,I� IRU HYHU\ [ � '�

OLP
W� �

N7 �W��$b ,�[N  ��

WKHQ >7 �W�@ LV V�VWDEOH DQG DOVR OLPW� � N7 �W�[NG  � IRU HYHU\ [ � '�

3URRI� 6XSSRVH $ LV VWULFWO\ GLVVLSDWLYH DQG FRQVLGHU /HPPD �� 5HFDOO WKDW >7 �W�@
DQG $ FRPPXWH� )URP ������ ZH JHW� IRU HYHU\ [ � ' DQG HYHU\ W y ��

N7 �W�[N�G x �

�
N7 �W��$b ,�[N��

0RUHRYHU� IURP ������� IRU HYHU\ [ � ' DQG HYHU\ W y ��

N7 �W�[N� x N7 �W�[N�G � N7 �W��$b ,�[N��

7KHUHIRUH� LI
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OLP
W� �

N7 �W��$b ,�[N  �

IRU HYHU\ [ � '� WKHQ

OLP
W� �

N7 �W�[N  OLP
W� �

N7 �W�[NG  �

IRU HYHU\ [ � '� )XUWKHUPRUH� OLPW� � N7 �W�[N  � H[WHQGV QDWXUDOO\ E\ FRQWLQXLW\
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1RWH WKDW WKH QRUPV N c N DQG N c NG DUH QRW QHFHVVDULO\ FRPPHQVXUDEOH RQ '
�L�H�� QRQH GRPLQDWHV WKH RWKHU� EHFDXVH $� DOWKRXJK FORVHG DQG GHQVHO\ GHpQHG�
LV JHQHUDOO\ XQERXQGHG �H�J�� VHH WKH LQHTXDOLWLHV LQ /HPPD �� HYHQ XQGHU WKH
DVVXPSWLRQ RI V�VWDELOLW\� +RZHYHU� WKHVH QRUPV DUH FRPPHQVXUDEOH RQ ' XQGHU
WKH DVVXPSWLRQ RI SODLQ�H�VWDELOLW\ E\ /HPPD ��LL��

&RQWUDFWLRQ VHPLJURXSV WKDW DUH VWURQJ EXW QRW H[SRQHQWLDOO\ VWDEOH DUH FKDU�
DFWHUL]HG LQ WKH IROORZLQJ FRUROODU\� ZKHUH LW LV JLYHQ D IXOO DFFRXQW RI VWDQG�DORQH
V�VWDEOH FRQWUDFWLRQ VHPLJURXSV�
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3URRI� 5HFDOO WKDW H�VWDELOLW\ FOHDUO\ LPSOLHV V�VWDELOLW\� 7KH UHVXOW LV D VWUDLJKWIRU�
ZDUG FRQVHTXHQFH RI /HPPD ��LL� LLL�� ,Q IDFW� /HPPD ��LL� HQVXUHV WKDW >7 �W�@ LV
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