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$EVW U DF W � 7 K H FRQ FHS W RI U HJX ODU VX E VS DFHV RI D WHQ VRU S U RG X FW VS DFH DQ G
WK H VWU X FWX U H RI U HJX ODU LQ Y DU LDQ W DQ G U HG X FLQ J VX E VS DFHV IRU WHQ VRU S U RG X FWV RI
+ LOE HU W VS DFH RS HU DWRU V DU H H[ S ORU HG � 3 U HVHU Y DWLRQ E \ WHQ VRU S U RG X FW LV LQ Y HVWL�
JDWHG � ,W LV VK RZ Q K RZ WU DQ VLWLY HQ HVV DQ G U HG X FLE LOLW\ � DV Z HOO DV WK H S U RS HU WLHV
RI E HLQ J K HU HG LWDU LO\ Q RU P DORLG DQ G WRWDOO\ K HU HG LWDU LO\ Q RU P DORLG WU DY HO E H�
WZ HHQ D S DLU RI + LOE HU W VS DFH RS HU DWRU V I$�%J DQ G WK HLU WHQ VRU S U RG X FW $n%�
7 K H FDVH RI FRP S OHWHO\ Q RQ X Q LWDU \ WHQ VRU S U RG X FWV LV DOVR FRQ VLG HU HG �

�� ,QW U RGXF W LRQ

/HW + DQG . EH QRQ]HUR FRPSOH[ +LOEHUW VSDFHV� 7KH VLQJOH WHQVRU SURGXFW RI
[ � + DQG \ � . 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 [L n \L ZLWK [L � + DQG \L � . � ZKLFK LV D +LOEHUW VSDFH ZLWK UHVSHFW
WR WKH LQQHU SURGXFW
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IRU HYHU\
3

L [L n \L DQG
3

M ZM n ]M LQ +n . � %\ DQ RSHUDWRU RQ D QRUPHG VSDFH
; ZH PHDQ D ERXQGHG OLQHDU WUDQVIRUPDWLRQ RI ; LQWR LWVHOI� /HW %> ; @ EH WKH
QRUPHG DOJHEUD RI DOO RSHUDWRUV RQ ; � 7KH WHQVRU SURGXFW RI WZR RSHUDWRUV $ LQ
%>+@ DQG % LQ %>. @ LV WKH WUDQVIRUPDWLRQ $n% � +n . � +n . GHpQHG E\

�$n%�
;

L

[L n \L  
;

L

$[L n%\L IRU HYHU\
;

L

[L n \L � +n . �

ZKLFK LV DQ RSHUDWRU LQ %>+n . @� )RU DQ H[SRVLWRU\ SDSHU FRQWDLQLQJ WKH HVVHQWLDO
SURSHUWLHV RI WHQVRU SURGXFWV QHHGHG KHUH� WKH UHDGHU LV UHIHUUHG WR >�@�

7KHUH DUH D QXPEHU RI SURSHUWLHV WKDW VXUYLYH ZKHQ WDNLQJ WKH WHQVRU SURGXFW�
DQG VHYHUDO PRUH WKDW GR QRW� $ SURSHUW\ WKDW LV QRW SUHVHUYHG E\ WHQVRU SURGXFW LV
LUUHGXFLELOLW\� 7KH FRQFHSW RI UHJXODU VXEVSDFHV RI D WHQVRU SURGXFW VSDFH +n . LV
GHpQHG LQ 6HFWLRQ �� DQG LW LV VKRZQ LQ 6HFWLRQ � KRZ WUDQVLWLYHQHVV DQG UHGXFLELOLW\
PD\ EH WUDQVIHUUHG IURP RSHUDWRUV $ DQG % WR WKHLU WHQVRU SURGXFW $n%�

2Q WKH RWKHU KDQG� VRPH SURSHUWLHV RI $ DQG % DUH SUHVHUYHG ZKHQ WDNLQJ WKH
WHQVRU SURGXFW� )RU LQVWDQFH� LI $ DQG % DUH QRQQHJDWLYH� VHOI�DGMRLQW� QRUPDO�
TXDVLQRUPDO� VXEQRUPDO� K\SRQRUPDO� TXDVLK\SRQRUPDO� RU VHPL�TXDVLK\SRQRUPDO�
WKHQ VR LV $n% �VHH H�J�� >�@�� DQG WKH FRQYHUVH KROGV LQ PDQ\ FDVHV� LI $n% LV

' DW H� - DQ X DU \ ��� �����
���� 0DW KHPDW LFV 6 XEMHFW & ODVVLpFDW LRQ � 3 U LP DU \ ��$ ��� 6 HFRQ G DU \ ��% ���
. H\ Z RU GV� 7 HQ VRU S U RG X FW� U HJX ODU VX E VS DFHV� K HU HG LWDU LO\ Q RU P DORLG � FRP S OHWHO\ Q RQ X Q LWDU \ �
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QRUPDO� TXDVLQRUPDO� VXEQRUPDO RU K\SRQRUPDO� WKHQ VR DUH $ DQG % �LI WKH\ DUH
QRQ]HUR� >��@� 3UHVHUYDWLRQ E\ WHQVRU SURGXFW KDV DOVR EHHQ YHULpHG IRU RWKHU FODVVHV
RI FORVH WR QRUPDO RSHUDWRUV �VHH H�J�� >�@� >�@� >�@� >��@ DQG >��@�� +RZHYHU� VXFK D
SUHVHUYDWLRQ PD\ IDLO IRU VRPH LPSRUWDQW FODVVHV� WKH SURSHUWLHV RI EHLQJ SDUDQRUPDO
RU VSHFWUDORLG DUH QRW SUHVHUYHG ZKHQ WDNLQJ WHQVRU SURGXFWV >��� SS��������@�

5HFDOO WKH IROORZLQJ VWDQGDUG GHpQLWLRQV� $Q RSHUDWRU 7 � %>+@ LV K\SRQRUPDO
LI 7 7 e x 7 e7 � SDUDQRUPDO LI N7[N� x N7 �[NN[N IRU HYHU\ [ LQ +� DQG QRUPDORLG LI
U�7 �  N7N �ZKHUH U�7 � GHQRWHV WKH VSHFWUDO UDGLXV RI 7 DQG N7N GHQRWHV WKH QRUP
RI 7 LQ %>+@�� $Q RSHUDWRU LV KHUHGLWDULO\ QRUPDORLG �DEEUHYLDWHG� +1� LI HYHU\
SDUW RI LW LV QRUPDORLG� DQG WRWDOO\ KHUHGLWDULO\ QRUPDORLG �DEEUHYLDWHG� 7+1� LI
LW LV KHUHGLWDULO\ QRUPDORLG DQG HYHU\ LQYHUWLEOH SDUW RI LW KDV D QRUPDORLG LQYHUVH�
7KHVH FODVVHV RI RSHUDWRUV DUH UHODWHG E\ SURSHU LQFOXVLRQ >�@�

+\SRQRUPDO ~ 3DUDQRUPDO ~ 7+1 ~ +1 ~ 1RUPDORLG�

$V ZH FRPPHQWHG DERYH� K\SRQRUPDOLW\ LV SUHVHUYHG E\ WHQVRU SURGXFW EXW SDUDQRU�
PDOLW\ LV QRW� 1RUPDORLGQHVV LV SUHVHUYHG E\ WHQVRU SURGXFW DV ZHOO� DQG LW LV VKRZQ
LQ 6HFWLRQ � KRZ WKH SURSHUWLHV RI EHLQJ KHUHGLWDULO\ QRUPDORLG� RU WRWDOO\ KHUHGL�
WDULO\ QRUPDORLG� WUDYHO EHWZHHQ WKH WHQVRU SURGXFW DQG HDFK RI WKH IDFWRUV�

$OVR UHFDOO WKDW DQ RSHUDWRU 7 RQ + LV VWURQJO\ VWDEOH LI N7Q[N � � IRU HYHU\
[ LQ +� DQG ZHDNO\ VWDEOH LI K7Q[ � \L � � IRU HYHU\ [ DQG \ LQ + �HTXLYDOHQWO\� LI
K7Q[ �[L � � IRU HYHU\ [ LQ WKH FRPSOH[ +LOEHUW VSDFH +�� 7KHVH DUH GHQRWHG E\
7Q Vb� 2 DQG 7Q Zb� 2� UHVSHFWLYHO\� 0RUHRYHU� 7 LV D FRQWUDFWLRQ LI N7N x �� DQG
D FRQWUDFWLRQ LV FRPSOHWHO\ QRQXQLWDU\ �DEEUHYLDWHG� F�Q�X�� LI WKH UHVWULFWLRQ RI LW
WR HYHU\ QRQ]HUR UHGXFLQJ VXEVSDFH LV QRW XQLWDU\� ,I 7 LV D FRQWUDFWLRQ� WKHQ

7Q Vb� 2  � 7 LV F�Q�X�  � 7Q Zb� 2�

�7KH pUVW LPSOLFDWLRQ LV WULYLDOO\ YHULpHG DQG WKH VHFRQG LV D FRQVHTXHQFH RI WKH
)RJXHO GHFRPSRVLWLRQ IRU FRQWUDFWLRQV _ VHH H�J�� >�� S���@ RU >�� S����@�� ,W ZDV
VKRZQ LQ >�@ DQG >�@ WKDW LI $ DQG % DUH FRQWUDFWLRQV� WKHQ $n% LV VWURQJO\
�ZHDNO\� VWDEOH ZKHQHYHU RQH RI $ RU % LV VWURQJO\ �ZHDNO\� VWDEOH� DQG WKH FRQYHUVH
KROGV IRU VWURQJ VWDELOLW\� �)RU ZHDN VWDELOLW\� WKH FRQYHUVH UHTXLUHV DGGLWLRQDO DV�
VXPSWLRQ _ >��� 7KHRUHP �@�� 3UHVHUYDWLRQ RI WKH SURSHUW\ RI EHLQJ FRPSOHWHO\
QRQXQLWDU\ ZLOO EH FRQVLGHUHG LQ 6HFWLRQ �� ZKHUH LW LV JLYHQ D QHZ SURRI WKDW $n%

LV FRPSOHWHO\ QRQXQLWDU\ LI DQG RQO\ LI RQH RI $ RU % LV FRPSOHWHO\ QRQXQLWDU\�

�� 5HJXO DU 6XEVSDF HV

%\ D VXEVSDFH 0 RI D +LOEHUW VSDFH + ZH PHDQ D FORVHG OLQHDU PDQLIROG RI +�
,W LV QRQWULYLDO LI I�J � 0 � +� DQG 7 �LQYDULDQW _ RU LQYDULDQW IRU DQ RSHUDWRU 7
LQ %>+@ _ LI 7 �0� v 0� ,W LV VDLG WR EH D UHGXFLQJ VXEVSDFH IRU 7 _ RU WR UHGXFH
WKH RSHUDWRU 7 LQ %>+@ _ LI ERWK0 DQG LWV RUWKRJRQDO FRPSOHPHQW0" +k0
DUH 7 �LQYDULDQW �HTXLYDOHQWO\� LI 0 LQYDULDQW IRU ERWK 7 DQG LWV DGMRLQW 7 e��

5HJXODU VXEVSDFHV RI WHQVRU SURGXFW VSDFHV ZHUH LQWURGXFHG LQ >��@ DV IROORZV�

'HpQLWLRQ �� $ VXEVSDFH RI +n . LV UHJXODU LI LW LV RI WKH IRUP 0n 1 � ZKHUH
0 DQG 1 DUH VXEVSDFHV RI + DQG . � UHVSHFWLYHO\� 2WKHUZLVH LW LV FDOOHG LUUHJXODU �
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/HW 0 EH DQ\ QRQ]HUR VXEVSDFH RI D +LOEHUW VSDFH + DQG OHW IKqJq � b
� EH DQ

RUWKRQRUPDO EDVLV IRU 0 VR WKDW� ZLWK
:

GHQRWLQJ FORVXUH RI VSDQ�

0  
B

q � b
�
Kq �

ZKHUH IKqJq � b
� LV D VXEVHW RI DQ RUWKRQRUPDO EDVLV IKqJq � b IRU + ZLWK b� v b� /HW

6 EH DQ DUELWUDU\ QRQ]HUR VXEVSDFH RI WKH WHQVRU SURGXFW VSDFH +n . � 7KXV�

6  
B

r � c
�
Ir

IRU DQ RUWKRQRUPDO EDVLV IIrJr � c IRU +n . ZLWK c� v c� ,I IKqJq � b DQG INyJy � e

DUH RUWKRQRUPDO EDVHV IRU + DQG . � WKHQ IKq n NyJ�q�y� � b de LV DQ RUWKRQRUPDO
EDVLV IRU +n . �VHH H�J�� >��� 7KHRUHP �����E�@�� +HQFH D QRQ]HUR VXEVSDFH 6 RI
+n . PD\ EH JLYHQ E\

6  
B

�q�y� � �b de�
�

Kq n Ny

IRU VRPH RUWKRQRUPDO EDVHV IKqJq � b DQG INyJy� e IRU + DQG . � ZKHUH �bd e�� LV
D VXEVHW RI WKH GRXEOH LQGH[ VHW bd e� ZKLFK GRHV QRW QHFHVVDULO\ FRLQFLGHV ZLWK
DQ\ UHFWDQJOH b� d e� RI VXEVHWV b� DQG e� RI WKH LQGH[ VHWV b DQG e�

5HJXODU VXEVSDFHV RI WHQVRU SURGXFW VSDFHV FDQ DOVR EH FKDUDFWHUL]HG LQ /HPPD
� EHORZ� ,WV SURRI LV VWUDLJKWIRUZDUG� KHQFH RPLWWHG�

/HPPD �� $ VXEVSDFH 6 RI +n . LV UHJXODU LI DQG RQO\ LI LW LV HLWKHU ]HUR RU

6  
B

�q�y� � b
�
de

�

Kq n Ny�

IRU RUWKRQRUPDO EDVHV IKqJq � b IRU + DQG INyJy� e IRU . ZLWK b � v b DQG e� v e�

�� 5HJXO DU ,QYDU LDQW DQG 5HGXF LQJ 6XEVSDF HV

:H ERUURZ WKH QH[W UHVXOW IURP >��@ VLQFH LW ZLOO SOD\ D FHQWUDO UROH LQ WKH IRUWK�
FRPLQJ VHFWLRQV� ,W H[SORUHV WKH VWUXFWXUH RI UHJXODU LQYDULDQW DQG UHJXODU UHGXFLQJ
VXEVSDFHV RI WHQVRU SURGXFWV�

/HPPD �� /HW $ DQG % EH QRQ]HUR RSHUDWRUV RQ + DQG . � OHW 0 DQG 1 EH

VXEVSDFHV RI + DQG . � UHVSHFWLYHO\� DQG FRQVLGHU WKH VXEVSDFH 0n 1 RI +n . �

�D�� ,I 0 LV LQYDULDQW �UHGXFLQJ� IRU $ DQG 1 LV LQYDULDQW �UHGXFLQJ� IRU %�

WKHQ 0n 1 LV LQYDULDQW �UHGXFLQJ� IRU $n%�

�D�� ,I 0n 1 LV LQYDULDQW IRU $n%� WKHQ 0 LV LQYDULDQW IRU $ RU 1 LV LQ�

YDULDQW IRU %�

�D�� ,I 0n 1 UHGXFHV $n%� WKHQ

0 UHGXFHV $� RU

1 UHGXFHV %� RU

0 LV LQYDULDQW IRU $ DQG 1 " LV LQYDULDQW IRU %� RU

1 LV LQYDULDQW IRU % DQG 0" LV LQYDULDQW IRU $�
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�D�� ,I 0n 1 LV QRQ]HUR DQG LQYDULDQW �UHGXFLQJ� IRU $n%� DQG LI $ DQG

% DUH LQMHFWLYH� WKHQ 0 LV LQYDULDQW �UHGXFLQJ� IRU $ DQG 1 LV LQYDULDQW

�UHGXFLQJ� IRU %�

�E� 2QH RI 0 RU 1 LV QRQWULYLDO DQG WKH RWKHU LV QRQ]HUR LI DQG RQO\ LI 0n 1
LV QRQWULYLDO�

�F�� ,I 0 LV $�LQYDULDQW DQG 1 LV %�LQYDULDQW� WKHQ

�$n%�M0 n1  $M0 n%M 1 �

�F�� ,I 0n 1 LV QRQ]HUR DQG $n%�LQYDULDQW� DQG LI $ DQG % DUH LQMHFWLYH�

WKHQ

�$n%�M0 n1  $M0 n%M 1 �

3URRI� 6HH >��� 7KHRUHP �@ IRU WKH FDVH RI P  ��

$Q RSHUDWRU LV WUDQVLWLYH LI LW KDV QR QRQWULYLDO LQYDULDQW VXEVSDFH� DQG LQWUDQ�
VLWLYH LI LW KDV D QRQWULYLDO LQYDULDQW VXEVSDFH� 7KH LQYDULDQW VXEVSDFH SUREOHP LV
WKH RSHQ TXHVWLRQ WKDW DVNV ZKHWKHU WKH FODVV RI DOO WUDQVLWLYH RSHUDWRUV DFWLQJ RQ
DQ LQpQLWH�GLPHQVLRQDO FRPSOH[ VHSDUDEOH +LOEHUW VSDFH LV QRQHPSW\� $Q RSHUDWRU
LV UHGXFLEOH LI LW KDV D QRQWULYLDO UHGXFLQJ VXEVSDFH� DQG LUUHGXFLEOH RWKHUZLVH�

7KHRUHP �� /HW $ DQG % EH QRQ]HUR RSHUDWRUV RQ + DQG . �

�D� ,I RQH RI $ RU % LV LQWUDQVLWLYH �UHGXFLEOH�� WKHQ WKH WHQVRU SURGXFW $n%

KDV D QRQWULYLDO UHJXODU LQYDULDQW �UHGXFLQJ� VXEVSDFH�

�E� 7KH FRQYHUVH KROGV LI $ DQG % DUH LQMHFWLYH�

3URRI� $FFRUGLQJ WR 'HpQLWLRQ � D VXEVSDFH RI +n . LV UHJXODU LI DQG RQO\ LI LW LV
D WHQVRU SURGXFW 0n 1 RI VXEVSDFHV 0 DQG 1 RI + DQG . �

�D� ,I RQH RI $ RU % LV LQWUDQVLWLYH �UHGXFLEOH�� WKHQ WKHUH H[LVWV D QRQWULYLDO LQYDULDQW
�UHGXFLQJ� VXEVSDFH 0 IRU $ RU D QRQWULYLDO LQYDULDQW �UHGXFLQJ� VXEVSDFH 1 IRU
%� DQG VR 0n . RU +n 1 LV D UHJXODU QRQWULYLDO LQYDULDQW �UHGXFLQJ� VXEVSDFH
IRU $n% E\ /HPPD ��D��E��

�E� &RQYHUVHO\� LI $ DQG % DUH LQMHFWLYH DQG LI $n% KDV D QRQWULYLDO UHJXODU
LQYDULDQW �UHGXFLQJ� VXEVSDFH 0n 1 � WKHQ 0 LV LQYDULDQW �UHGXFLQJ� IRU $ DQG
1 LV LQYDULDQW �UHGXFLQJ� IRU % E\ /HPPD ��D��� DQG RQH RI WKHP LV QRQWULYLDO E\
/HPPD ��E�� DQG KHQFH RQH RI $ RU % LV LQWUDQVLWLYH �UHGXFLEOH��

7KH ZKROH VSDFH +n . DQG WKH QXOO VSDFH I�J DUH UHJXODU� DQG VR LUUHJXODU
VXEVSDFHV DUH DOZD\V QRQWULYLDO� ,I $ DQG % DUH LQMHFWLYH� WKHQ E\ /HPPD ��D�� D��
E�0n 1 LV QRQWULYLDO DQG UHGXFHV $n% LI DQG RQO\ LI0 DQG 1 DUH QRQ]HUR �RQH
RI WKHP EHLQJ QRQWULYLDO� DQG UHGXFH $ DQG %� ,I ERWK 0 DQG 1 DUH QRQWULYLDO�
WKHQ $n% FRPPXWHV ZLWK D QRQVFDODU QRUPDO WHQVRU SURGXFW 1$ n1% RI QRUPDO
RSHUDWRUV 1$ DQG 1%� +RZHYHU� QRW DOO QRUPDO RSHUDWRUV RQ +n . DUH WHQVRU
SURGXFWV RI RSHUDWRUV� 7KHRUHP � LV DSSOLHG LQ &RUROODU\ � EHORZ WR YHULI\ WKH
H[LVWHQFH RI UHGXFLEOH WHQVRU SURGXFWV ZKRVH QRQWULYLDO UHGXFLQJ VXEVSDFHV DUH DOO
LUUHJXODU� $ JHQHUDOL]DWLRQ RI &RUROODU\ � ZDV FRQVLGHUHG LQ >��@� 1HYHUWKHOHVV� ZH
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SUHVHQW EHORZ WKH SDUWLFXODU FDVH WKDW SUHFLVHO\ pWV RXU SUHVHQW QHHGV� DQG VNHWFK
RXW LWV SURRI VLQFH SDUW RI WKH SURRI ZLOO EH UHTXLUHG ODWHU LQ 6HFWLRQ ��

&RUROODU\ �� /HW $ EH DQ DUELWUDU\ RSHUDWRU RQ D +LOEHUW VSDFH RI GLPHQVLRQ

JUHDWHU WKDQ ��

�D� 7KH WHQVRU SURGXFW $n$ LV UHGXFLEOH�

�E� ,I $ LV LQMHFWLYH DQG LUUHGXFLEOH� WKHQ DOO QRQWULYLDO UHGXFLQJ VXEVSDFHV RI

$n$ DUH LUUHJXODU�

3URRI� /HW $ DQG % EH RSHUDWRUV DFWLQJ RQ +LOEHUW VSDFHV + DQG . � UHVSHFWLYHO\�
&RQVLGHU WKH PDSSLQJ g� +n . � . n + GHpQHG E\

g
t

;

L

[L n \L

u

 
;

L

\L n [L

IRU HYHU\
3

L [L n \L LQ +n . � ,W LV UHDGLO\ YHULpHG WKDW WKLV LV DQ LQYHUWLEOH OLQHDU
LVRPHWU\� WKXV D XQLWDU\ WUDQVIRUPDWLRQ� ,I .  +� WKHQ g LQ %>+n+@ DOVR LV DQ
LQYROXWLRQ �L�H�� g�  ,�� DQG VR LW LV D V\PPHWU\ �L�H�� gb�  ge  g� RQ +n+�

�D� &RQVLGHU WKH WHQVRU SURGXFW $n% LQ %>+n . @ DQG OHW g EH WKH XQLWDU\ WUDQV�
IRUPDWLRQ RI +n . RQWR . n + GHpQHG DERYH VR WKDW

g �$n%�  �% n$�g

�L�H�� WKH WHQVRU SURGXFW LV XQLWDULO\ HTXLYDOHQW FRPPXWDWLYH�� ,Q SDUWLFXODU� WKH
WHQVRU SURGXFW RI DQ DUELWUDU\ RSHUDWRU $ LQ %>+@ ZLWK LWVHOI� $n$ LQ %>+n+@�
FRPPXWHV ZLWK WKH QRQVFDODU QRUPDO RSHUDWRU g LQ %>+n+@� 7KLV PHDQV WKDW
$n$ LV UHGXFLEOH �ZKLFK LV D FODVVLFDO FRQVHTXHQFH RI WKH 6SHFWUDO 7KHRUHP��

�E� 7KXV WKH WHQVRU SURGXFW $n$ DOZD\V KDV D QRQWULYLDO UHGXFLQJ VXEVSDFH� ,I
$ LV LQMHFWLYH DQG LUUHGXFLEOH �VDPSOH� D XQLODWHUDO VKLIW RI PXOWLSOLFLW\ ��� WKHQ
$n$ KDV QR QRQWULYLDO UHJXODU UHGXFLQJ VXEVSDFH E\ 7KHRUHP ��E�� DQG VR DOO LWV
QRQWULYLDO UHGXFLQJ VXEVSDFHV DUH LUUHJXODU�

�� 5HJXO DU O \ 1RU P DO RLG 7 HQVRU 3U RGXF W V

$IWHU UHFDOOLQJ WKDW WKH SURSHUW\ RI EHLQJ QRUPDORLG LV SUHVHUYHG E\ WHQVRU SURG�
XFW� LW LV JLYHQ LQ 7KHRUHP � QHFHVVDU\ DQG VXrFLHQW FRQGLWLRQV RQ $n% IRU ERWK
RSHUDWRUV $ DQG % EH KHUHGLWDULO\ QRUPDORLG �RU WRWDOO\ KHUHGLWDULO\ QRUPDORLG��
7KLV VKRZV KRZ KHUHGLWDU\ QRUPDORLGQHVV DQG WRWDO KHUHGLWDU\ QRUPDORLGQHVV DUH
WUDQVIHUHG EHWZHHQ I$�%J DQG WKHLU WHQVRU SURGXFW $n%�

/HPPD �� /HW $ DQG % EH QRQ]HUR RSHUDWRUV RQ + DQG . � 7KH WHQVRU SURGXFW

$n% LV QRUPDORLG LI DQG RQO\ LI ERWK $ DQG % DUH QRUPDORLG�

3URRI� 6HH H�J�� >��� &RUROODU\ ���@�

$ SDUW RI DQ RSHUDWRU LV D UHVWULFWLRQ RI LW WR DQ LQYDULDQW VXEVSDFH� D QRQWULY�
LDO SDUW LV D UHVWULFWLRQ WR D QRQWULYLDO LQYDULDQW VXEVSDFH� $ GLUHFW VXPPDQG RI DQ
RSHUDWRU LV D UHVWULFWLRQ RI LW WR D UHGXFLQJ VXEVSDFH� %\ D UHJXODU SDUW RI D WHQVRU
SURGXFW RI WZR RSHUDWRUV ZH PHDQ D UHVWULFWLRQ RI WKH WHQVRU SURGXFW WR D UHJXODU
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LQYDULDQW VXEVSDFH� 5HFDOO WKDW DQ RSHUDWRU LV FDOOHG KHUHGLWDULO\ QRUPDORLG LI HY�
HU\ SDUW RI LW LV QRUPDORLG� DQG WRWDOO\ KHUHGLWDULO\ QRUPDORLG LI LW LV KHUHGLWDULO\
QRUPDORLG DQG HYHU\ LQYHUWLEOH SDUW RI LW KDV D QRUPDORLG LQYHUVH�

'HpQLWLRQ �� $ WHQVRU SURGXFW LV UHJXODUO\ QRUPDORLG �DEEUHYLDWHG� 51� LI HYHU\
UHJXODU SDUW RI LW LV QRUPDORLG� DQG WRWDOO\ UHJXODUO\ QRUPDORLG �DEEUHYLDWHG� 751�
LI LW LV UHJXODUO\ QRUPDORLG DQG HYHU\ LQYHUWLEOH UHJXODU SDUW RI LW KDV D QRUPDORLG
LQYHUVH�

7KHRUHP �� /HW $ DQG % EH QRQ]HUR RSHUDWRUV RQ + DQG . �

�D�� ,I WKH WHQVRU SURGXFW $n% LV UHJXODUO\ QRUPDORLG� WKHQ ERWK $ DQG % DUH

KHUHGLWDULO\ QRUPDORLG�

�D�� ,I WKH WHQVRU SURGXFW $n% LV WRWDOO\ UHJXODUO\ QRUPDORLG� DQG LI RQH RI $

RU % KDV DQ LQYHUWLEOH SDUW �LQ SDUWLFXODU� LI RQH LV LQYHUWLEOH�� WKHQ WKH RWKHU

LV WRWDOO\ KHUHGLWDULO\ QRUPDORLG�

�E� ,I $ DQG % DUH KHUHGLWDULO\ QRUPDORLG �WRWDOO\ KHUHGLWDULO\ QRUPDORLG� DQG
LQMHFWLYH� WKHQ $n% LV UHJXODUO\ QRUPDORLG �WRWDOO\ UHJXODUO\ QRUPDORLG��

3URRI� /HW /DW�$� DQG /DW�%� GHQRWH WKH FROOHFWLRQ RI DOO LQYDULDQW VXEVSDFHV IRU
$ � %>+@ DQG% � %>. @� UHVSHFWLYHO\� 7DNH DUELWUDU\0 � /DW�$� DQG 1 � /DW�%��

�D�� %\ /HPPD ��D��� +n 1 LV D UHJXODU LQYDULDQW VXEVSDFH IRU $n%� ,I $n%

LV UHJXODUO\ QRUPDORLG� WKHQ �$n%�M+ n1 LV QRUPDORLG� DQG VR LV $n%M 1 E\
/HPPD ��F��� ,I %M 1  2� WKHQ LW LV WULYLDOO\ QRUPDORLG� ,I %M 1 � 2� WKHQ �VLQFH
$ � 2�� ERWK $ DQG %M 1 DUH QRUPDORLG DFFRUGLQJ WR /HPPD �� 6LPLODUO\� ,I $n%

LV UHJXODUO\ QRUPDORLG� WKHQ �$n%�M0 n. LV QRUPDORLG DQG WKH VDPH DUJXPHQW
HQVXUHV WKDW� LI $M0 � 2� WKHQ $M0 DQG % DUH QRUPDORLG� 7KHUHIRUH�

$n% � 51 LPSOLHV $ � +1 DQG % � +1�

�D�� ,I 6 DQG 7 DUH +LOEHUW VSDFH RSHUDWRUV� WKHQ 6 n 7 LV LQYHUWLEOH LI DQG RQO\ LI
ERWK 6 DQG 7 DUH LQYHUWLEOH �LQGHHG� ��6 n 7 �  ��6� c ��7 �� ZKHUH �� c � GHQRWHV
VSHFWUXP _ FI� >�@� DQG �6 n 7 �b�  6b� n 7b�� +HQFH� �$n%�M0 n1 LV LQYHUW�
LEOH LI DQG RQO\ LI $M0 n%M 1 LV LQYHUWLEOH E\ /HPPD ��F��� DQG WKLV KDSSHQV LI
DQG RQO\ LI ERWK $M0 DQG %M 1 DUH LQYHUWLEOH� 0RUHRYHU� LQ VXFK D FDVH�

�e�
d

�$n%�M0 n1

eb�
 �$M0 n%M 1 �

b�  �$M0 �
b� n �%M 1 �

b��

6XSSRVH $n% LV WRWDOO\ UHJXODUO\ QRUPDORLG� 7KHQ LW LV UHJXODUO\ QRUPDORLG� DQG
VR ERWK $ DQG % DUH KHUHGLWDULO\ QRUPDORLG DFFRUGLQJ WR LWHP �D��� 6XSSRVH $M0 �

LV LQYHUWLEOH IRU VRPH 0� � /DW�$�� 7DNH DQ DUELWUDU\ 1 LQ /DW�%�� ,I %M 1 LV
LQYHUWLEOH� WKHQ �$n%�M0 � n1  $M0 � n%M 1 �FI� /HPPD ��F��� LV LQYHUWLEOH DQG
>�$n%�M0 � n1 @

b�  �$M0 � �
b� n �%M 1 �

b� E\ �e�� 6LQFH $n% LV WRWDOO\ UHJXODUO\
QRUPDORLG� LW IROORZV WKDW �$M0 � �

b� n �%M 1 �b� LV QRUPDORLG� DQG VR �$M0 � �
b� DQG

�%M 1 �b� DUH QRUPDORLG E\ /HPPD �� 7KXV % LV WRWDOO\ KHUHGLWDULO\ QRUPDORLG�
6LPLODUO\� 6XSSRVH %M 1 � LV LQYHUWLEOH IRU VRPH 1 � � /DW�%�� 7DNH DQ DUELWUDU\ 0
LQ /DW�$�� ,I $M0 LV LQYHUWLEOH� WKHQ WKH VDPH DUJXPHQW HQVXUHV WKDW �$M0 �

b� DQG
�%M 1 � �

b� DUH QRUPDORLG� 7KXV $ LV WRWDOO\ KHUHGLWDULO\ QRUPDORLG� ,Q SDUWLFXODU� LI
ERWK $ DQG % KDYH DQ LQYHUWLEOH SDUW �VSHFLDOO\� LI WKH\ DUH LQYHUWLEOH�� WKHQ
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$n% � 751 LPSOLHV $ � 7+1 DQG % � 7+1�

�E� /HW 0n 1 EH DQ DUELWUDU\ UHJXODU $n%�LQYDULDQW VXEVSDFH RI +n . � ,I
0  I�J RU 1  I�J� WKHQ 0n 1  I�J� DQG KHQFH �$n%�M0 n1  2� ZKLFK
LV WULYLDOO\ QRUPDORLG DQG QRQLQYHUWLEOH� 7KXV WDNH0 � I�J DQG 1 � I�J� VR WKDW
0n 1 � I�J� 6XSSRVH $ DQG % DUH LQMHFWLYH �VR WKDW $M0 � 2 DQG %M 1 � 2

VLQFH 0 �v NHUQHO �$�  I�J DQG 0 �v NHUQHO �%�  I�J�� 7KHQ $n% LV LQMHFWLYH
�VHH H�J�� >��@�� 7KXV 0n 1 �v NHUQHO �$n%�  I�J� DQG VR �$n%�M0 n1 � 2�
%\ /HPPD ��D��� 0 LV $�LQYDULDQW DQG 1 LV %�LQYDULDQW� ,I $ DQG % DUH KHUHGL�
WDULO\ QRUPDORLG� WKHQ $M0 DQG %M 1 DUH QRUPDORLG� DQG KHQFH $M0 n%M 1 LV QRU�
PDORLG E\ /HPPD �� 7KHUHIRUH� �$n%�M0 n1 LV QRUPDORLG E\ /HPPD ��F��� 7KXV

$ � +1 DQG % � +1 LPSOLHV $n% � 51�

$JDLQ� LI �$n%�M0 n1 LV LQYHUWLEOH� WKHQ VR DUH $M0 DQG %M 1 � ,I $ DQG % DUH
WRWDOO\ KHUHGLWDULO\ QRUPDORLG� WKHQ �$M0 �b� DQG �%M 1 �b� DUH QRUPDORLG� DQG VR
LV >�$n%�M0 n1 @

b� E\ �e� DQG /HPPD �� 7KHQ WKH DERYH LPSOLFDWLRQ HQVXUHV WKDW

$ � 7+1 DQG % � 7+1 LPSOLHV $n% � 751�

7KH QH[W UHVXOW JLYHV D FRPSOHWH FKDUDFWHUL]DWLRQ RI XQLWDU\ WHQVRU SURGXFWV�
7KLV LV DSSOLHG WR SURYH WKH IRUWKFRPLQJ &RUROODU\ � DQG 7KHRUHP ��

/HPPD �� &RQVLGHU WKH WHQVRU SURGXFW $n% � %>+n . @ RI D SDLU RI QRQ]HUR

RSHUDWRUV $ � %>+@ DQG % � %>. @�

�D� $n% LV XQLWDU\ �DQ LVRPHWU\� LI DQG RQO\ LI ERWK $ DQG % DUH QRQ]HUR

PXOWLSOHV RI XQLWDU\ RSHUDWRUV �LVRPHWULHV� ZLWK N$N  N%Nb��

�E� ,Q SDUWLFXODU� LI $ DQG % DUH XQLWDU\ RSHUDWRUV �LVRPHWULHV�� WKHQ $n% LV

XQLWDU\ �DQ LVRPHWU\� DQG� FRQYHUVHO\� LI $n% LV XQLWDU\ �DQ LVRPHWU\��
WKHQ WKHUH DUH XQLWDU\ RSHUDWRUV �LVRPHWULHV� 8 � %>+@ DQG 9 � %>. @ VXFK
WKDW $n%  8 n 9 �

�F� 0RUHRYHU� LI $ DQG % DUH FRQWUDFWLRQV� WKHQ $n% LV XQLWDU\ �DQ LVRPHWU\�
LI DQG RQO\ LI ERWK $ DQG % DUH XQLWDU\ RSHUDWRUV �LVRPHWULHV��

3URRI� 7KH UHVXOW LQ �D� LV D VWUDLJKWIRUZDUG DSSOLFDWLRQ RI >��� 7KHRUHP ����D�@�
7KH UHVXOWV LQ �E� DQG �F� DUH UHDGLO\ YHULpHG E\ �D��

$ FRQWUDFWLRQ 7 � %>+@ LV RI FODVV & �� �RU 7 LV D & ���FRQWUDFWLRQ� LI ERWK VH�
TXHQFHV IN7Q[NJ DQG IN7 eQ[NJ GR QRW FRQYHUJH WR ]HUR IRU HYHU\ QRQ]HUR [ LQ +�
)RU & ���FRQWUDFWLRQV WKH SURSHUWLHV RI EHLQJ WRWDOO\ UHJXODUO\ QRUPDORLG DQG WRWDOO\
KHUHGLWDULO\ QRUPDORLG FRLQFLGH�

&RUROODU\ �� /HW $ DQG % EH +LOEHUW VSDFH FRQWUDFWLRQV� 7KH IROORZLQJ DVVHUWLRQV

DUH SDLUZLVH HTXLYDOHQW�

�D� 7KH WHQVRU SURGXFW $n% LV XQLWDU\�

�E� 7KH WHQVRU SURGXFW $n% LV WRWDOO\ KHUHGLWDULO\ QRUPDORLG DQG RI FODVV & ���

�F� 7KH WHQVRU SURGXFW $n% LV WRWDOO\ UHJXODUO\ QRUPDORLG DQG RI FODVV & ���
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3URRI� ,W LV FOHDU WKDW HYHU\ XQLWDU\ RSHUDWRU LV D WRWDOO\ KHUHGLWDULO\ QRUPDORLG & ���

FRQWUDFWLRQ� 7KXV �D� LPSOLHV �E�� 0RUHRYHU� �E� WULYLDOO\ LPSOLHV �F�� ,W UHPDLQV
WR SURYH WKDW �F� LPSOLHV �D�� )LUVW QRWH WKDW $n% LV D FRQWUDFWLRQ EHFDXVH $ DQG
% DUH FRQWUDFWLRQV� VLQFH N$n%N  N$N N%N�

&ODLP �� ,I $n% LV RI FODVV & ��� WKHQ ERWK $ DQG % DUH RI FODVV & ���

3URRI� ,QGHHG� IRU HYHU\ [ � + DQG \ � . �

N�$n%�Q[n \N  N$Q[n%Q\N  N$Q[N N%Q\N�

N�$n%�eQ[n \N  N$eQ[n%eQ\N  N$eQ[N N%eQ\N�

&ODLP �� (YHU\ & ���FRQWUDFWLRQ KDV DQ LQYHUWLEOH SDUW �

3URRI� ,I 7 � %>+@ LV D & ���FRQWUDFWLRQ� WKHQ LW LV TXDVLVLPLODU WR D XQLWDU\ RSHUDWRU
�VHH H�J�� >�� S���@�� ZKLFK LQ WXUQ LPSOLHV WKDW WKHUH H[LVWV DQ LQFUHDVLQJ VHTXHQFH
I0QJ RI 7 �LQYDULDQW VXEVSDFHV WKDW VSDQ + VXFK WKDW HDFK SDUW 7 M0 � LV VLPLODU
WR D XQLWDU\ RSHUDWRU >�@� 7KXV HYHU\ 7 M0 � LV DQ LQYHUWLEOH SDUW RI 7 �

&ODLP �� (YHU\ WRWDOO\ KHUHGLWDULO\ QRUPDORLG & ���FRQWUDFWLRQ LV XQLWDU\ �

3URRI� 6HH >�� 3URSRVLWLRQ ���@�

7KHUHIRUH� LI WKH FRQWUDFWLRQ $n% LV RI FODVV & ��� WKHQ LW IROORZV E\ &ODLPV � DQG
� WKDW ERWK FRQWUDFWLRQV $ DQG % DUH RI FODVV & �� DQG ERWK KDYH DQ LQYHUWLEOH
SDUW� 7KXV 7KHRUHP ��D�� HQVXUHV WKDW LI �D� KROGV� WKDW LV� LI WKH & ���FRQWUDFWLRQ
$n% LV WRWDOO\ UHJXODUO\ QRUPDORLG� WKHQ WKH & ���FRQWUDFWLRQV $ DQG % DUH WRWDOO\
KHUHGLWDULO\ QRUPDORLG� DQG VR $ DQG % DUH XQLWDU\ E\ &ODLP �� +HQFH �F� KROGV�
WKDW LV� $n% LV XQLWDU\ DFFRUGLQJ WR /HPPD ��E�� 2XWFRPH� �F� LPSOLHV �D��

�� 5HJXO DU O \ 1RQXQLW DU \ 7 HQVRU 3U RGXF W V

5HFDOO WKDW D FRQWUDFWLRQ LV FRPSOHWHO\ QRQXQLWDU\ LI WKH UHVWULFWLRQ RI LW WR HYHU\
QRQ]HUR UHGXFLQJ VXEVSDFH LV QRW XQLWDU\� (TXLYDOHQWO\� D QRQ]HUR FRQWUDFWLRQ 7 LQ
%>+@ LV QRW FRPSOHWHO\ QRQXQLWDU\ LI WKHUH H[LVWV D QRQ]HUR YHFWRU [ � + VXFK WKDW

N7Q[N  N7 eQ[N  N[N IRU HYHU\ SRVLWLYH LQWHJHU Q�

'HpQLWLRQ �� $ WHQVRU SURGXFW LV D UHJXODUO\ QRQXQLWDU\ FRQWUDFWLRQ LI LW LV D
FRQWUDFWLRQ DQG WKH UHVWULFWLRQ RI LW WR HYHU\ QRQ]HUR UHJXODU UHGXFLQJ VXEVSDFH LV
QRW XQLWDU\�

7KHRUHP �� /HW $ DQG % EH FRQWUDFWLRQV RQ + DQG . �

�D� ,I WKH WHQVRU SURGXFW $n% LV D UHJXODUO\ QRQXQLWDU\ FRQWUDFWLRQ� WKHQ RQH

RI $ RU % LV FRPSOHWHO\ QRQXQLWDU\�

�E� 7KH FRQYHUVH KROGV LI $ DQG % DUH LQMHFWLYH�

3URRI� /HW + DQG . EH WKH QRQ]HUR +LOEHUW VSDFHV XSRQ ZKLFK DFW WKH FRQWUDFWLRQV
$ DQG %� 7KH WHQVRU SURGXFW $n% LV D FRQWUDFWLRQ EHFDXVH ERWK $ DQG % DUH�
0RUHRYHU� RQH RI $ RU % LV QXOO LI DQG RQO\ LI WKH WHQVRU SURGXFW $n% LV QXOO� ZKLFK
LQ WKLV FDVH DUH FRPSOHWHO\ QRQXQLWDU\ RQFH WKH +LOEHUW VSDFHV DUH DOO QRQ]HUR� 7KXV
VXSSRVH $ DQG % DUH QRQ]HUR FRQWUDFWLRQV�
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�D� ,I ERWK FRQWUDFWLRQV $ DQG % DUH QRW FRPSOHWHO\ QRQXQLWDU\� WKHQ WKHUH H[LVW
QRQ]HUR YHFWRUV [ � + DQG \ � . VXFK WKDW

N$Q[N  N$eQ[N  N[N DQG N%Q\N  N%eQ\N  N\N

IRU HYHU\ SRVLWLYH LQWHJHU Q� /HW 0 DQG 1 EH WKH VHWV RI DOO WKRVH YHFWRUV [ DQG \

WKDW VDWLVI\ WKH DERYH HTXDWLRQV �L�H�� SXW 0  I[ � + � N$Q[N  N$eQ[N  N[NJ
DQG 1  I\ � . � N%Q\N  N%eQ\N  N\NJ� 7KHVH DUH QRQ]HUR VXEVSDFHV RI +
DQG . �VHH H�J�� >��� S��@ RU >�� S���@�� 0RUHRYHU WKH\ UHGXFH $ DQG % DQG $M0 DQG
%M 1 DUH XQLWDU\ RSHUDWRUV� 7KXV WKH UHJXODU VXEVSDFH0n 1 RI +n . LV QRQ]HUR
�VLQFH ERWK 0 DQG 1 DUH�� UHGXFHV $n% E\ /HPPD ��D��� DQG

�$n%�M0 n1  $M0 n%M 1

E\ /HPPD ��F��� ZKLFK LV XQLWDU\ E\ /HPPD �� +HQFH $n% LV QRW UHJXODUO\ QRQ�
XQLWDU\� 7KHUHIRUH� LI WKH WHQVRU SURGXFW $n% LV UHJXODUO\ QRQXQLWDU\� WKHQ RQH
RI $ RU % LV FRPSOHWHO\ QRQXQLWDU\�

�E� &RQYHUVHO\� VXSSRVH $ DQG % DUH LQMHFWLYH� /HW0n 1 EH DQ\ QRQ]HUR UHJXODU
VXEVSDFH RI +n . WKDW UHGXFHV $n%� %\ /HPPD ��D� � F��

�$n%�M0 n1  $M0 n%M 1 �

ZKHUH0 UHGXFHV $ DQG 1 UHGXFHV %� ,I RQH RI WKH SDUWV $M0 RU %M 1 LV ]HUR� WKHQ
�$n%�M0 n1  2 LV FHUWDLQO\ QRW XQLWDU\ �VLQFH 0n 1 LV D QRQ]HUR VXEVSDFH��
7KXV VXSSRVH $M0 DQG %M 1 DUH QRQ]HUR� ,I $ LV D FRPSOHWHO\ QRQXQLWDU\ FRQWUDF�
WLRQ� WKHQ $M0 LV D QRQXQLWDU\ FRQWUDFWLRQ� 7KLV LPSOLHV WKDW $M0 n%M 1 LV QRW
XQLWDU\� ,QGHHG� VLQFH $M0 DQG %M 1 DUH QRQ]HUR FRQWUDFWLRQV� LW IROORZV E\ /HPPD
��F� WKDW LI $M0 n%M 1 LV XQLWDU\� WKHQ $M0 LV XQLWDU\� ZKLFK LV D FRQWUDGLFWLRQ�
+HQFH �$n%�M0 n1 LV QRW XQLWDU\ ZKHQHYHU $ LV FRPSOHWHO\ QRQXQLWDU\� 6LPLODUO\
_ H[DFWO\ WKH VDPH DUJXPHQW _ �$n%�M0 n1 LV QRW XQLWDU\ ZKHQHYHU % LV D
FRPSOHWHO\ QRQXQLWDU\ FRQWUDFWLRQ� 7KHUHIRUH� LI RQH RI $ RU % LV FRPSOHWHO\ QRQ�
XQLWDU\� WKHQ $n% LV D UHJXODUO\ QRQXQLWDU\ FRQWUDFWLRQ�

,Q IDFW� LW ZDV SURYHG LQ >��@ WKDW WKH SURSHUWLHV RI EHLQJ UHJXODUO\ QRQXQLWDU\
DQG FRPSOHWHO\ QRQXQLWDU\ FRLQFLGH �L�H�� WKH SURSHUW\ RI EHLQJ FRPSOHWHO\ QRQXQL�
WDU\ LV LQYDULDQW IRU WKH W\SH _ UHJXODU RU LUUHJXODU _ RI WKH UHGXFLQJ VXEVSDFH��
7KLV HQDEOHV WKH FRQYHUVH LQ WKH SUHFHGLQJ WKHRUHP WR KROG ZLWKRXW WKH LQMHFWLYLW\
DVVXPSWLRQ� :H VKDOO JLYH EHORZ D QHZ DQG VLPSOH SURRI IRU WKHVH IDFWV� 7KH SULFH
IRU VXFK DQ HOHPHQWDU\ SURRI LV WKDW LW ZRUNV IRU VHSDUDEOH +LOEHUW VSDFHV �ZKLOH
WKH QRQHOHPHQWDU\ SURRI LQ >��� 7KHRUHP �@ ZRUNV IRU JHQHUDO +LOEHUW VSDFHV��

&RUROODU\ �� /HW $ DQG % DUH FRQWUDFWLRQV DFWLQJ RQ VHSDUDEOH +LOEHUW VSDFHV�

7KH IROORZLQJ DVVHUWLRQV DUH SDLUZLVH HTXLYDOHQW�

�D� 7KH WHQVRU SURGXFW $n% LV FRPSOHWHO\ QRQXQLWDU\�

�E� 7KH WHQVRU SURGXFW $n% LV UHJXODUO\ QRQXQLWDU\�

�F� 2QH RI WKH FRQWUDFWLRQV $ RU % LV FRPSOHWHO\ QRQXQLWDU\�

3URRI� $VVHUWLRQ �D� WULYLDOO\ LPSOLHV �E�� DQG �E� LPSOLHV �F� E\ 7KHRUHP ��D�� 7R
VKRZ WKDW �F� LPSOLHV �D� SURFHHG DV IROORZV� /HW 6 EH DQ RSHUDWRU RQ + DQG OHW
7 EH DQ RSHUDWRU RQ . � ,I + LV D VHSDUDEOH +LOEHUW VSDFH� DQG LI , VWDQGV IRU
WKH LGHQWLW\ RSHUDWRU RQ +� WKHQ , n 7 LV XQLWDULO\ HTXLYDOHQW WR WKH FRXQWDEOH
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�RUWKRJRQDO� GLUHFW VXP
/
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/
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