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$EVWUDFW

7KH� SDSHU� FULWLFL]HV� $[HOURGªV� ������� PHDVXUH� RI� FRQIOLFW�� ZKLFK� LV� EDVLFDOO\� D
PHDVXUH�RI�WKH�FRQIOLFW�RI�LQWHUHVW�DQG�GRHV�QRW�DFFRXQW�IRU�WKH�SRWHQWLDO�IRU�RYHUW
FRQIOLFWIXO� EHKDYLRU� EDVHG� RQ� KRZ� WKH� DFWRUV� DUH� VWUDWHJLFDOO\� LQWHUSRVLWLRQHG�
'LIIHUHQFHV� EHWZHHQ� WKH� WZR� GLPHQVLRQV� RI� FRQIOLFW� DUH� LOOXVWUDWHG�� DQG� LW� LV
VKRZQ� KRZ� ERWK� GLPHQVLRQV� DUH� QHFHVVDU\� IRU� D� WKHRU\� RI� FRQIOLFW�� &RQIOLFW� LV
FRQFHSWXDOL]HG�DV�D� VWUXJJOH� IRU�SUHIHUUHG�HTXLOLEULD� LQ��[��JDPHV�ZLWK�DW� OHDVW
WZR� HTXLOLEULD��$�QHZ�PHDVXUH� RI� FRQIOLFW� IRU� WKLV� FODVV� RI� JDPHV� EDVHG� RQ� WKH
FRQFHSW�RI� ULVN� OLPLW� LV�GHYHORSHG� LQ�ERWK�D� VWDWLF� DQG�D� UHSHDWHG�JDPH�VHWWLQJ�
7KH�ULVN�OLPLW�DSSURDFK�PHDVXUHV�WKH�DFWRUVª�LQFOLQDWLRQ�WR�EHKDYH�LQ�D�FRQFLOLDWRU\
RU�FKDOOHQJLQJ�ZD\��7KLV� LV�GLIIHUHQW� IURP�$[HOURGªV�DSSURDFK��ZKLFK�PHDVXUHV
WKH�LQFRPSDWLELOLW\�¥�DQG�KHQFH�WKH�FRQIOLFW�¥�RI�WKH�DFWRUVª�SUHIHUHQFHV��:H�VKRZ
WKDW�KLJKHU�LQFRPSDWLELOLW\�RI�SUHIHUHQFHV�EHWZHHQ�WKH�DFWRUV�GRHV�QRW�QHFHVVDULO\
LPSO\� WKDW� WKH\� DUH� PRUH� LQFOLQHG� WR� EHKDYH� FKDOOHQJLQJO\�� )XUWKHUPRUH�� ZH
VKRZ�WKDW� WKH�PRUH�DFWRUV�YDOXH� IXWXUH�SD\RIIV� LQ� WHUPV�RI�SUHVHQW�SD\RIIV�� WKH
JUHDWHU�WKHLU�LQFOLQDWLRQ�ZLOO�EH�WR�EHKDYH�FKDOOHQJLQJO\�

=XVDPPHQIDVVXQJ

,Q�GLHVHP�%HLWUDJ�ZLUG�$[HOURGV� �������.RQIOLNWPD��NULWLVLHUW��ZHOFKHV�DOV�0D�
GHV�,QWHUHVVHQNRQIOLNWV�GLH�VWUDWHJLVFKH�(QWVFKHLGXQJ�GHU�$NWHXUH�I�U�NRQIOLNWKDI�
WHV�9HUKDOWHQ�XQEHU�FNVLFKWLJW� Ol�W��(V�ZHUGHQ�8QWHUVFKLHGH�]ZLVFKHQ�GHQ�EHL�
GHQ�'LPHQVLRQHQ�YRQ�.RQIOLNW�YHUGHXWOLFKW��XQG�ZLU�]HLJHQ��GD��EHLGH�'LPHQ�
VLRQHQ� LQ� HLQHU� .RQIOLNWWKHRULH� ZLFKWLJ� VLQG�� .RQIOLNW� ZLUG� KLHU� DXIJHID�W� DOV
6WUHLW� XP� EHYRU]XJWH�*OHLFKJHZLFKWH� LQ� �[��6SLHOHQ��:LU� HQWZLFNHOQ� HLQ� QHXHV
.RQIOLNWPD���ZHOFKHV�DXI�GHP�.RQ]HSW�GHU�5LVLNRJUHQ]H��ULVN�OLPLW��DXIEDXW�XQG
VWHOOHQ�HV�LQ�HLQHP�VWDWLVFKHQ�XQG�LQ�HLQHP�ZLHGHUKROWHQ�6SLHO�YRU��'DV�0D��PL�W
GLH�%HUHLWVFKDIW�GHU�$NWHXUH��VLFK�LQ�HLQHU�.RQIOLNWVLWXDWLRQ�NRQ]LOLDQW�RGHU�KHU�
DXVIRUGHUQG� ]X� YHUKDOWHQ�� (V� XQWHUVFKHLGHW� VLFK� GDPLW� YRQ�$[HOURGV�0D���ZHO�
FKHV�DXI�GLH�8QYHUHLQEDUNHLWHQ�¥�XQG�VRPLW�GHQ�.RQIOLNW�¥�]ZLVFKHQ�3UlIHUHQ]HQ
DE]LHOW��:LU�]HLJHQ��GD��HLQH�JU|�HUH�8QYHUHLQEDUNHLW�GHU�3UlIHUHQ]HQ�QLFKW�QRW�
ZHQGLJHUZHLVH�HLQH�DXVJHSUlJWHUH�1HLJXQJ�]X�NRQIOLNWWUlFKWLJHP�9HUKDOWHQ�LP�
SOL]LHUW��:HLWHUKLQ�ZLUG�JH]HLJW��GD��GLH�$NWHXUH�XP�VR� VWlUNHU�]X�NRQIOLNWKDI�
WHP�9HUKDOWHQ�QHLJHQ��MH�K|KHU�VLH�$XV]DKOXQJHQ�LQ�GHU�=XNXQIW�UHODWLY�]X�$XV�
]DKOXQJHQ�LQ�GHU�*HJHQZDUW�EHZHUWHQ�



0RKU��+DXVNHQ��&RQIOLFW��,QWHUHVW�DQG�6WUDWHJ\ �

&RQWHQWV

� ,QWURGXFWLRQ �

� (YDOXDWLRQ�RI�WKH�0HDVXUH�RI�&RQIOLFW�RI�,QWHUHVW �

� $�0HDVXUH�RI�&RQIOLFW�%DVHG�XSRQ�WKH�&RQFHSW�RI�5LVN�/LPLWV �

��� 7KH�5LVN�/LPLW�$SSURDFK�LQ�D�2QH�6KRW�*DPH �

��� 7KH�5LVN�/LPLW�$SSURDFK�LQ�D�6XSHUJDPH ��

� &RQIOLFW�RI�,QWHUHVW�DQG�WKH�5LVN�/LPLW�$SSURDFK�WR�&RQIOLFW�
$�&RPSDULVRQ ��

� &RQFOXVLRQ ��

5HIHUHQFHV ��
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� ,QWURGXFWLRQ

7KH�DUJXPHQW�RI�WKLV�SDSHU�LV�WKDW�WKH�QDWXUH�RI�FRQIOLFW�LV�PDGH�XS�RI�WZR�FRP�
SOHPHQWDU\�GLPHQVLRQV��WKH�LQWHUHVW�GLPHQVLRQ�DQG�WKH�VWUDWHJLF�GLPHQVLRQ��(DFK
E\� LWVHOI�ZRXOG�EH� LQVXIILFLHQW� WR� FDSWXUH�ZKDW� FRQIOLFW�PHDQV��7KH� WZR� VXSSOH�
PHQW�HDFK�RWKHU��SURYLGLQJ�DQ�H[KDXVWLYH�DFFRXQW�RI�FRQIOLFW�IURP�WKH�SHUVSHFWLYH
RI�UDWLRQDO�FKRLFH�DQG�IURP�WKDW�RI�JDPH�WKHRU\��7KH�LQWHUHVW�GLPHQVLRQ�KDV�EHHQ
ZRUNHG�RXW�E\�$[HOURG��������LQ�DQ�LQVLJKWIXO�ZD\��+RZHYHU��DV�LPSRUWDQW�DV�LW�LV
IRU�XQGHUVWDQGLQJ�FRQIOLFW��WKH�LQWHUHVW�GLPHQVLRQ�LV�RQO\�RQH�VLGH�RI�WKH�FRLQ��:H
DUJXH��ILUVW��WKDW�WKH�RWKHU�VLGH�LV�UHSUHVHQWHG�E\�WKH�VWUDWHJLF�GLPHQVLRQ��VHFRQGO\
WKDW� WKH�FRQFHSW�RI� FRQIOLFW� FDQ�EH� UHGXFHG� WR� WKHVH� WZR�FRPSOHPHQWDU\�GLPHQ�
VLRQV�� DQG� WKLUGO\� WKDW� HDFK� GLPHQVLRQ� LV� SRWHQWLDOO\� HTXDOO\� LPSRUWDQW�� :KDW
UHODWLYH�ZHLJKW�VKRXOG�EH�DVVLJQHG�WR�HDFK�GLPHQVLRQ�LQ�DQ�DQDO\VLV�RI�VRFLDO�FRQ�
IOLFW�GHSHQGV�RQ�ZKDW�LV�WR�EH�H[SODLQHG�DQG�WKH�QDWXUH�RI�WKH�VRFLDO�LQWHUDFWLRQ�

��������������������������������������������������
:H� ZRXOG� OLNH� WR� WKDQN� 3KLOLSS� *HQVFKHO�� *LDQGRPHQLFR� 0DMRQH�� 5HQDWH� 0D\QW]�
7KRPDV�3O�PSHU��$QGUHDV�5\OO�DQG�)ULW]�:��6FKDUSI�IRU�KHOSIXO�FRPPHQWV�

7KH� FUXFLDO� GLIIHUHQFH� EHWZHHQ� WKH� WZR� GLPHQVLRQV� FDQ� EH� LOOXVWUDWHG� E\� WZR
TXHVWLRQV�� 7KH� VWUHQJWK� RI� FRQIOLFW� LQ� WHUPV� RI� WKH� LQWHUHVW� GLPHQVLRQ� LV� GHWHU�
PLQHG�E\�DQVZHULQJ�WKLV�TXHVWLRQ�

��� +RZ�ODUJH� LV� WKH�SD\RII�RQH�DFWRU�JHWV� LI� WKH�RWKHU�DFWRU�JHWV�KHU�EHVW�SD\RII�
KRZ� ODUJH� LV� WKH� RWKHUªV�SD\RII� LI� WKH� ILUVW� DFWRU� UHFHLYHV� KLV� EHVW� SD\RII�� DQG
ZKDW�DUH�WKH�IHDVLEOH�SRLQWV�ZKLFK�PLJKW�VHUYH�DV�D�FRPSURPLVH"

7KLV� ILUVW� TXHVWLRQ� UHIHUV� RQO\� WR� WKH�GLYHUJHQFH� RI�SUHIHUHQFHV� DQG� WKHUHIRUH� WR
WKH�FRQIOLFW�RI�LQWHUHVW�LQ�D�JDPH��+RZHYHU��FRQVLGHU�WKH�VHFRQG�TXHVWLRQ�

��� :KDW�PLJKW�DQ�DFWRU�ZLQ�LI�VKH�VXFFHVVIXOO\�FKDOOHQJHV�KHU�RSSRQHQW�DQG�ZKDW
LV�KHU�FKDQFH�RI�ZLQQLQJ�WKH�FKDOOHQJH"

7KLV�VHFRQG�TXHVWLRQ��ZKLFK�DOVR�UHIHUV�WR�VWUDWHJLF�FRQVLGHUDWLRQV�UHJDUGLQJ�KRZ
DQ�DFWRU�FDQ�LPSURYH�KHU�RZQ�SD\RII�E\�H[KLELWLQJ�DJJUHVVLYH��UHFDOFLWUDQW��VWXE�
ERUQ�RU�KDUGKHDGHG�¥�L�H��FRQIOLFWIXO�¥�EHKDYLRU��SURFHHGV�EH\RQG�WKH�VLPSOH�ILUVW
TXHVWLRQ� RI� KRZ� SUHIHUHQFHV� GLYHUJH�� 7KH� FUXFLDO� GLIIHUHQFH� EHWZHHQ� WKH� WZR
TXHVWLRQV�LV�WKDW�WKH�ILUVW�GHDOV�ZLWK�ODWHQW��RIWHQ�KLGGHQ�FRQIOLFWV�RI�LQWHUHVW�DQG
WKH�VHFRQG�ZLWK�RYHUW�FRQIOLFWIXO�EHKDYLRU�

2QH�GUDZEDFN� WR� OLPLWLQJ� DWWHQWLRQ�RQO\� WR� WKH� LQWHUHVW�GLPHQVLRQ�RI� FRQIOLFW� LV
WKDW�WKH�OLQN�EHWZHHQ�FRQIOLFW�DQG�EHKDYLRU�EHFRPHV�XQFOHDU��&RQVLGHU��IRU�H[DP�
SOH��$[HOURGªV������������VWDWHPHQW��ZKLFK�ZH�UHIHU�WR�DV�KLV�SURSRVLWLRQ�FRQFHUQ�
LQJ�FRQIOLFWIXO�EHKDYLRU��WKDW�§RWKHU�WKLQJV�EHLQJ�HTXDO��WKH�PRUH�FRQIOLFW�RI�LQWHU�
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HVW� WKHUH� LV�� WKH�PRUH�SUREDEOH� LW� LV� WKDW�FRQIOLFWIXO�EHKDYLRU�ZLOO� UHVXOW�¨�&UXFLDO
KHUH�LV�KRZ�§FRQIOLFWIXO�EHKDYLRU¨�LV�GHILQHG��$[HOURG�IUHTXHQWO\�UHIHUV�WR�D�SULV�
RQHUªV�GLOHPPD� LQ�ZKLFK�FRQIOLFWIXO�EHKDYLRU� LV�ZHOO�GHILQHG��+RZHYHU��KH�SUR�
FHHGV�WR�DUJXH�WKDW�KLV�SURSRVLWLRQ�FRQFHUQLQJ�FRQIOLFWIXO�EHKDYLRU�KROGV�QRW�RQO\
LQ�D�SULVRQHUªV�GLOHPPD��EXW�LQ�DOO�FDVHV��8QIRUWXQDWHO\��$[HOURG�GRHV�QRW�H[SOLF�
LWO\� GHILQH� FRQIOLFWIXO� EHKDYLRU� LQ� JHQHUDO� VRFLDO� VLWXDWLRQV�� 5DWKHU�� KH� VWDWHV
�$[HOURG������������§7KH�VSHFLILF�PHDQLQJ�RI�FRQIOLFWIXO�EHKDYLRU�ZLOO�GLIIHU�IURP
RQH�SROLWLFDO�SURFHVV�WR�DQRWKHU��RI�FRXUVH��EXW�XVXDOO\�WKHUH�DUH�W\SHV�RI�EHKDYLRU
ZKLFK�DUH�FOHDUO\�FRQIOLFWIXO�DQG�KHQFH�VRPH�K\SRWKHVHV�DUH�HDV\�WR�VSHFLI\�¨�:H
ZLOO�LOOXVWUDWH�WKHVH�SRLQWV�RYHU�WKH�QH[W�VHFWLRQV��TXHVWLRQLQJ�WKH�YDOLGLW\�RI�$[HO�
URGªV�K\SRWKHVHV� IRU� FRQIOLFWIXO� EHKDYLRU� E\� LOOXVWUDWLQJ� WKDW� WKH\�GR�QRW� IROORZ
IURP�KLV�FRQIOLFW�PHDVXUH�WKH�ZD\�KH�VXJJHVWV�

:H�FRQFHSWXDOL]H�FRQIOLFW�DV�D�VWUXJJOH�IRU�SUHIHUUHG�HTXLOLEULD�LQ��[��%DWWOH�RI�WKH
6H[HV�JDPHV��$�QHZ�PHDVXUH�RI�FRQIOLFW�IRU�WKLV�FODVV�RI�JDPHV�EDVHG�RQ�WKH�FRQ�
FHSW� RI� ULVN� OLPLW� LV� GHYHORSHG� LQ� ERWK� D� VWDWLF� DQG� D� UHSHDWHG� JDPH� VHWWLQJ�� ,W
PLJKW�EH�DUJXHG�WKDW�D�ORZ�SHUFHQWDJH�RI�JDPHV�ZLWKRXW�D�PXWXDOO\�EHVW�RXWFRPH
KDYH� WZR� 3DUHWR�VXSHULRU� 1DVK� HTXLOLEULD�� +RZHYHU�� WKH� VLJQLILFDQFH� RI� VXFK
JDPHV�PD\�EH�ODUJHU��:H�ZLOO�QRW�YHQWXUH�LQWR�DQ�HYDOXDWLRQ�RI�WKLV�VLJQLILFDQFH
KHUH��EHFDXVH�HYHQ� LQIRUPHG� MXGJPHQWV�PD\�GLIIHU��:H�ZRXOG� OLNH� WR�SRLQW�RXW
.QLJKWªV� �������DUJXPHQW� WKDW� VWUXJJOH� IRU�SUHIHUUHG�HTXLOLEULD� LV�D� FUXFLDO� FKDU�
DFWHULVWLF��IRU�H[DPSOH��DW�WKH�VWDUW�XS�RI�PRVW�VRFLDO�LQVWLWXWLRQV��.QLJKW�KROGV�WKDW
LQVWLWXWLRQV�DUH�FUHDWHG�WR�VROYH�WKHVH�FRQIOLFWV�RYHU�SUHIHUUHG�HTXLOLEULD��DQG�WKDW
WKH�RXWFRPH�RIWHQ� WLOWV� LQ� IDYRU�RI� WKH� VWURQJHU�SOD\HU��0RVW� LQVWLWXWLRQV�DUH�GH�
VLJQHG�WR�UHJXODWH�VRFLDO�OLIH�LQ�WKH�ORQJ�WHUP��7KH�SOD\HUVª�VWDNHV�LQ�WKH�FRPSHWL�
WLRQ� IRU� WKH� SUHIHUUHG� LQVWLWXWLRQDO� GHVLJQ�PD\� WKXV� EH� KLJK�� GHSHQGLQJ� RQ� WKH
WLPH�KRUL]RQ�RI� WKH�SOD\HUV��7KLV�SRLQW� LV� HODERUDWHG� IXUWKHU� LQ�6HFWLRQ����ZKLFK
GHDOV�ZLWK�WKH�UHSHDWHG�JDPH�VHWWLQJ��,W�LV�WKLV�LPSRUWDQW�UROH�SOD\HG�E\�%DWWOH�RI
WKH�6H[HV�VLWXDWLRQV�LQ�UHDO�VRFLDO�OLIH�ZKLFK�MXVWLILHV�RXU�IRFXV�RQ�WKH�%DWWOH�RI�WKH
6H[HV�

7KH�ULVN�OLPLW�DSSURDFK�PHDVXUHV�WKH�DFWRUVª�LQFOLQDWLRQ�WR�EHKDYH�LQ�D�FRQFLOLDWRU\
RU�FKDOOHQJLQJ�ZD\��:H�VKRZ�WKDW�KLJKHU�LQFRPSDWLELOLW\�RI�SUHIHUHQFHV�EHWZHHQ
WKH�DFWRUV�GRHV�QRW�QHFHVVDULO\�LPSO\�WKDW�WKH\�DUH�PRUH�LQFOLQHG�WR�EHKDYH�FKDO�
OHQJLQJO\�� )XUWKHUPRUH�� ZH� VKRZ� WKDW� WKH� PRUH� DFWRUV� YDOXH� IXWXUH� SD\RIIV� LQ
WHUPV�RI�SUHVHQW�SD\RIIV��WKH�JUHDWHU�WKHLU�LQFOLQDWLRQ�ZLOO�EH�WR�EHKDYH�FKDOOHQJ�
LQJO\�

7KH�DUWLFOH�LV�GLYLGHG�LQWR�ILYH�VHFWLRQV��6HFWLRQ���LOOXVWUDWHV�$[HOURGªV�PHDVXUH�RI
FRQIOLFW��6HFWLRQ���SURSRVHV�D�QHZ�PHDVXUH�RI�FRQIOLFW�EDVHG�XSRQ�WKH�FRQFHSW�RI
ULVN� OLPLWV� �+DUVDQ\L� ������ ���¥������ HPSOR\HG� LQ� D� VWDWLF� DQG� D� UHSHDWHG� JDPH
VHWWLQJ��6HFWLRQ��� FRPSDUHV� WKH� WZR�FRQFHSWV�PRUH� ULJRURXVO\�� DQDO\]LQJ� WKH�HI�
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IHFWV�RI�VOLJKW�FKDQJHV�RI�WKH�JDPH�VWUXFWXUH�RQ�WKH�FRQIOLFW�PHDVXUHV��DQG�VKRZ�
LQJ� WKDW� WKH� UHVXOWV�PD\� EH� FRQWUDGLFWRU\�� 6HFWLRQ� �� SXWV� WKH� UHVXOWV� RI� WKH� SUH�
FHGLQJ�VHFWLRQV�LQWR�SHUVSHFWLYH�

� (YDOXDWLRQ�RI�WKH�0HDVXUH�RI�&RQIOLFW�RI�,QWHUHVW

$[HOURGªV�DSSURDFK�WR�FRQIOLFW�IRFXVHV�RQ�§WKH�VWDWH�RI�LQFRPSDWLELOLW\�RI�WKH�JRDOV
RI�WZR�RU�PRUH�DFWRUV¨��$[HOURG�����������D�VWDWH�ZKHUH�RQH�DFWRU�FDQ�JHW�KHU�EHVW
SD\RII�RQO\�DW� WKH�H[SHQVH�RI� WKH�RWKHU�DFWRU��0RUH� VSHFLILFDOO\��KH� UHIHUV� WR� WKH
SURSRUWLRQ�RI�WKH� MRLQW�GHPDQG�ZKLFK�LV�XQIHDVLEOH��$[HOURG������������&RQVLGHU
WKH�EDWWOH�RI�WKH�VH[HV�JDPH�LQ�7DEOH������ZKLFK�KDV�WZR�HTXLOLEULD�LQ�SXUH�VWUDWH�
JLHV��������DQG�������

2EVHUYH�WKDW�DFWRU���RQO\�JHWV�KHU�VHFRQG�EHVW�SD\RII�RI���ZKHQ�DFWRU���UHFHLYHV
KLV�EHVW�SD\RII�RI����DQG�YLFH�YHUVD��7KHUHIRUH�� WKHLU�JRDOV�DUH� LQFRPSDWLEOH� WR�D
FHUWDLQ�H[WHQW��1RWH�DOVR�WKDW�HDFK�DFWRU�LV�DEOH�WR�VHFXUH�D�PLQLPD[�SD\RII�RI�DW
OHDVW���WR�KLPVHOI�E\�FKRRVLQJ�VWUDWHJ\�,�DQG�,,��UHVSHFWLYHO\��7KDW�LV��WKH�FHOO�ZLWK
WKH�SD\RII�GLVWULEXWLRQ�������LV�LUUHOHYDQW�JLYHQ�WKH�REMHFWLYH�LQ�RXU�DQDO\VLV�RI�GH�
WHUPLQLQJ� KRZ� LQFRPSDWLEOH� WKH� SUHIHUHQFHV� DUH��+HQFH� WKH� IRFXV� LV� RQ� WKH� IRO�
ORZLQJ�TXHVWLRQ��+RZ�LQFRPSDWLEOH�DUH� WKH�GHPDQGV�EH\RQG�RU�DERYH� WKH�SD\�
RIIV��WKH�PLQLPD[�SD\RIIV��WKH�DFWRUV�DUH�DEOH�WR�VHFXUH�IRU�WKHPVHOYHV"�$[HOURGªV
DSSURDFK�FDQ�EHVW�EH�LOOXVWUDWHG�E\�D�JUDSKLF�UHSUHVHQWDWLRQ�RI�WKH�JDPH��)LJ������

7KH�DUHD�RI� MRLQW�GHPDQG�DERYH�WKH�PLQLPD[�SD\RIIV�LV�WKH�UHFWDQJOH��LQ�WKLV�H[�
DPSOH�D�VTXDUH��VSDQQHG�RXW�E\�WKH�PLQLPD[�SRLQW�������DQG�WKH�SRLQW�GHWHUPLQHG
E\� WKH� EHVW� SD\RII� HDFK� DFWRU� FDQ�SRVVLEO\� REWDLQ�XQGHU� KLV�PRVW� IDYRUDEOH� FLU�
FXPVWDQFHV�� ������� OLJKWO\� VKDGHG� LQ� )LJ������� 7KH� DUHD� RI� XQIHDVLEOH� MRLQW� GH�

Actor 2

I II

I 4,3 2,2

II 1,1 3,4

Table 2.1  Battle of the sexes

Actor 1
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PDQG�LV�GHILQHG�DV�WKH�SRO\JRQ�VSDQQHG�RXW�E\�WKH�EHVW�SRVVLEOH�SD\RII�HDFK�DF�
WRU� FDQ� REWDLQ�� ������� WKH� WZR� SRLQWV�ZKHUH� RQH� RI� WKH� DFWRUV� JHWV� KLV�PRVW� SUH�
IHUUHG�SD\RII��������DQG��������DQG�WKH�IRXUWK�SRLQW�LQ�7DEOH�������������LI�LW�IDOOV�LQ�
VLGH�WKH�DUHD�RI�MRLQW�GHPDQG��6LQFH�������IDOOV�RXWVLGH�WKH�ODWWHU�DUHD�LQ�)LJ�������WKH
DUHD�RI�XQIHDVLEOH�GHPDQG�EHFRPHV�WKH�GDUNO\�VKDGHG�UHFWDQJOH��$[HOURG�GHILQHV
WKH�GHJUHH�&D[�RI�FRQIOLFW�DV�WKH�UDWLR�RI�WKH�WZR�DUHDV��ZKLFK�LQ�)LJ������LV�&D[ ����
&D[�LQFUHDVHV�ZKHQ� WKH�DUHD�RI�XQIHDVLEOH� MRLQW�GHPDQG� LQFUHDVHV�DQG� WKH�ZKROH
DUHD�RI�MRLQW�GHPDQG�GHFUHDVHV��,Q�)LJ������ZH�GR�QRW�DOORZ�IRU�PL[HG�VWUDWHJLHV��,I
PL[HG� VWUDWHJLHV� DUH� DFFRXQWHG� IRU�� WKHQ� DOO� SRLQWV� RQ� WKH� OLQH� FRQQHFWLQJ� WKH
SRLQWV�������DQG�������DUH�IHDVLEOH��WRR��,Q�WKLV�FDVH�WKH�DUHD�RI�XQIHDVLEOH�MRLQW�GH�
PDQG�VKULQNV�WR�WKH�GDUNO\�VKDGHG�WULDQJOH�LQ�)LJ�������DQG�&D[�UHGXFHV�WR�����

Actor 2

Actor 1
1 2 3 4

1

2

3

4

Minimax Point

Fig. 2.1  Diagram for the battle of the sexes game in Table 2.1, assuming pure strategies

Actor 2

Actor 1
1 2 3 4

1

2

3

4

Minimax Point

Fig. 2.2  Diagram for the battle of the sexes game in Table 2.1, assuming mixed strategies
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2YHU�WKH�IROORZLQJ�SDJHV��ZH�SUHVHQW�DQ�DOWHUQDWLYH�ZD\�WR�GHILQH�WKH�UHOHYDQW�DU�
HDV��6LQFH�RXU�DUJXPHQWV�GR�QRW�UHIHU�PHUHO\�WR�WKH�LQFRPSDWLELOLW\�RI�GHPDQGV�
ZH�SUHIHU�PRUH�JHQHUDO�ODEHOV�WKDQ�$[HOURGªV�§DUHD�RI�MRLQW�GHPDQG¨�DQG�§DUHD�RI
XQIHDVLEOH�MRLQW�GHPDQG�¨�,Q�$[HOURGªV�PHDVXUH�WKH�DUHD�RI�MRLQW�GHPDQG�DSSHDUV
LQ�WKH�GHQRPLQDWRU��+HQFH�LW�VHUYHV�DV�D�VWDQGDUG�RI�PHDVXUH��DQG�ZH�UHIHU�WR�LW�DV
WKH�§XQLW�DUHD�¨�$[HOURG�GHILQHV�WKH�DUHD�RI�WKH�XQIHDVLEOH� MRLQW�GHPDQG�DSSHDU�
LQJ�LQ�WKH�QXPHUDWRU�DV�WKH�§RXWO\LQJ�DUHD�¨�D�WHUP�ZH�ZLOO�DOVR�XVH�

� $�0HDVXUH�RI�&RQIOLFW�%DVHG�XSRQ�WKH�&RQFHSW�RI�5LVN�/LPLWV

7KLV�VHFWLRQ�SUHVHQWV�D�PHDVXUH�RI�FRQIOLFW�EDVHG�XSRQ�WKH�FRQFHSW�RI�ULVN�OLPLWV
LQWURGXFHG� E\� +DUVDQ\L� ������� ���¥������ 7KLV� PHDVXUH� FODULILHV� WKH� GLVWLQFWLRQ
EHWZHHQ� FRQIOLFW� RI� LQWHUHVW� DQG� FRQIOLFWIXO� EHKDYLRU� ZLWKLQ� D� JDPH�WKHRUHWLFDO
IUDPHZRUN��0RUH�VSHFLILFDOO\��WKH�ULVN�OLPLW�PHDVXUH�RI�FRQIOLFW�DFFRXQWV�EHWWHU�IRU
RYHUW� VWUDWHJLF� FRQIOLFWIXO� EHKDYLRU� WKDQ�$[HOURGªV�PHDVXUH�� EHFDXVH� WKH� IRUPHU
LQYROYHV� FRQVLGHULQJ� WKH�DFWRUVª�SHUFHSWLRQ�RI� HDFK�RWKHUªV� UHFDOFLWUDQFH�DQG�DJ�
JUHVVLRQ��,Q�WKLV�VHFWLRQ��UHFDOFLWUDQFH�LV�GHILQHG�DV�WKH�WKUHDW�RI�VZLWFKLQJ�IURP�DQ
HTXLOLEULXP�VWUDWHJ\�WR�DQRWKHU�VWUDWHJ\��RU�WKH�WKUHDW�RI�QRW�IROORZLQJ�VXLW�LI�WKH
RWKHU� DFWRU� VZLWFKHV� IURP� DQ� HTXLOLEULXP� VWUDWHJ\� WR� DQRWKHU� VWUDWHJ\�� 7KH� DS�
SURDFK�DSSOLHV�RQO\�WR�JDPHV�ZLWK�WZR�RU�PRUH�HTXLOLEULD�VLQFH�LW�FRQFHSWXDOL]HV
FRQIOLFW�DV�D�VWUXJJOH�IRU�SUHIHUUHG�HTXLOLEULD�

��� 7KH�5LVN�/LPLW�$SSURDFK�LQ�D�2QH�6KRW�*DPH

&RQVLGHU�WKH�EDWWOH�RI�WKH�VH[HV�JDPH��LQ�7DEOH������UHSHDWHG�LQ�7DEOH������ZKLFK
LQFOXGHV�YDULDEOH�SD\RIIV�XVHG�ODWHU�IRU�JHQHUDOL]DWLRQ��DL�DQG�EL�UHIHU�WR�DFWRU� LªV
SD\RII�LQ�KLV�SUHIHUUHG�HTXLOLEULXP�DQG�LQ�WKH�HTXLOLEULXP�KH�SUHIHUV�OHVV��UHVSHF�
WLYHO\��FL�UHIHUV�WR�LªV�SD\RII�LQ�WKH�WKUHDW�SRLQW��+HQFH�DL�!�EL�!�FL�DQG�DL�!�GL��L ����

��������������������������������������������������
� ,Q�WKH�OLWHUDWXUH��WKH�RII�GLDJRQDO�SD\RIIV�LQ�WKH�%DWWOH�RI�WKH�6H[HV�JDPH�DUH�FRQVLG�

HUHG� WR� EH� HTXLYDOHQW��:H�GLVWLQJXLVK� EHWZHHQ� WKH� WZR� EHFDXVH� RXU� REMHFWLYH� LV� WR
PRGHO� VLWXDWLRQV�ZKHUH� WKH� SOD\HUV� KDYH� WZR� NLQGV� RI� SUHIHUHQFHV�� ���7KH\� KDYH� D
VWURQJ�SUHIHUHQFH� IRU�D� FHUWDLQ� VWDWH�� LQGHSHQGHQW�RI� WKH� FKRLFH�RI� WKH�RWKHU�SOD\HU�
���7KH\�SUHIHU�D� FRRUGLQDWHG� WR�DQ�XQFRRUGLQDWHG�RXWFRPH�� ,I� WKH�RII�GLDJRQDO�SD\�
RIIV�ZHUH� WKH�VDPH�� WKH� LPSRUWDQFH�RI� WKH�VHFRQG�SUHIHUHQFH�ZRXOG�EH�HPSKDVL]HG
UDWKHU�WKDQ�WKH�ILUVW��2EVHUYH��KRZHYHU��WKDW�WKH�ULVN�OLPLW�PHDVXUH�GHYHORSHG�LQ�WKLV
VHFWLRQ�KROGV�DOVR�ZKHQ�WKH�RII�GLDJRQDO�SD\RIIV�DUH�HTXLYDOHQW�
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(DFK�RI�WKH�DFWRUV�SUHIHUV�D�GLIIHUHQW�HTXLOLEULXP��$FWRU���SUHIHUV�������ZKLOH�DFWRU
��SUHIHUV��������&RQVLGHU�������WKH�VWDUWLQJ�SRLQW�RI�RXU�DQDO\VLV�E\�DVVXPLQJ�WKDW
WKLV� LV� WKH�VWDWXV�TXR�SRLQW��$FWRU���ZRXOG�SUHIHU� WKH�RWKHU�HTXLOLEULXP�DQG�VKH
FRXOG�WU\�WR�IRUFH�DFWRU���WR�WKDW�HTXLOLEULXP�E\�FKDQJLQJ�IURP�KHU�ILUVW�WR�KHU�VHF�
RQG�VWUDWHJ\�� ,I�DFWRU���VWLFNV�WR�KLV� ILUVW�VWUDWHJ\�� WKH�DFWRUV�UHFHLYH�������� ,Q� WKLV
FDVH�D�FRQIOLFW�RFFXUV�LQ�WKH�VHQVH�WKDW�ERWK�RI�WKH�DFWRUV�DGRSW�FRQIOLFWIXO�VWUDWH�
JLHV��$FWRU���E\�FKDOOHQJLQJ�DFWRU���� DQG�DFWRU���E\�ZLWKVWDQGLQJ� WKH� FKDOOHQJH�
7KHUHIRUH�ZH�FDOO� ������ WKH�FRQIOLFW�SRLQW�� ,Q�WKH�FRQIOLFW�SRLQW��ERWK�RI� WKH�DFWRUV
KDYH�DQ�LQFHQWLYH�WR�JLYH�LQ��,I�KH�JHWV�D�SD\RII�LQ�WKH�HTXLOLEULXP�KH�SUHIHUV�OHVV�
DQ�DFWRU� LV�VWLOO�EHWWHU�RII� WKDQ�KH� LV�ZLWK�KLV�SD\RII� LQ� WKH�FRQIOLFW�SRLQW��2Q�WKH
RWKHU�KDQG�� VLQFH� ERWK� DFWRUV�PLJKW� UHDVRQDEO\� H[SHFW� WKH� RWKHU� RQH� WR� JLYH� LQ�
ERWK�RI�WKHP�DOVR�KDYH�DQ�LQFHQWLYH�WR�VWLFN�WR�WKHLU�FRQIOLFWIXO�VWUDWHJLHV�LQ�RUGHU
WR�UHFHLYH�WKH�SD\RII�LQ�WKH�SUHIHUUHG�HTXLOLEULXP��:KDW�WKHQ�LV�WKH�KLJKHVW�SURE�
DELOLW\�WKDW�VXFK�D�FRQIOLFW�PLJKW�RFFXU"�'HILQH�S��DV� WKH�SUREDELOLW\� WKDW�DFWRU��
VWLFNV�WR�KLV�ILUVW�VWUDWHJ\�ZKHQ�FKDOOHQJHG�E\����DQG�S��DV�WKH�SUREDELOLW\�WKDW�DF�
WRU���VWLFNV�WR�KHU�FKDOOHQJH�ZKHQ�DFWRU���GRHV�QRW�JLYH�LQ��7KHQ�ZH�FDQ�FDOFXODWH
DFWRU� �ªV� H[SHFWHG�SD\RII� RI� D� FKDOOHQJH� DV� �S�������¥S����'HILQH� WKH� YDOXH� RI� S�
ZKLFK� PDNHV� DFWRU� �� LQGLIIHUHQW� EHWZHHQ� KHU� FRQIOLFWIXO� VWUDWHJ\� DQG� KHU� ILUVW
VWUDWHJ\� DV� �S�����¥S�� ��� ZKLFK� JLYHV� S�
� ���¥�����¥��� �U��� ,I� WKH� SUREDELOLW\
WKDW�DFWRU���UHPDLQV�KDUGKHDGHG�LV�KLJKHU�WKDQ�S�
��WKHQ�DFWRU���ZRXOG�QRW�WU\�WR
FKDOOHQJH�DFWRU����7KXV��U�� �S�
�LV�WKH�ULVN�OLPLW�RI�DFWRU����,W�LV�WKH�KLJKHVW�ULVN�RI�D
FRQIOLFW�WKDW�VKH�LV�ZLOOLQJ�WR�WDNH�E\�FKDOOHQJLQJ�DFWRU����,Q�WKH�VDPH�ZD\�ZH�GH�
ILQH�WKH�ULVN�OLPLW�IRU�DFWRU����*LYHQ�WKDW�DFWRU���FKRRVHV�KHU�VHFRQG�VWUDWHJ\��WKH
H[SHFWHG�SD\RII�WR�DFWRU���LI�KH�GRHV�QRW�JLYH�LQ�LV��S�������¥S����DQG�KLV�ULVN�OLPLW
WKHQ� LV� U�� �S�
� ���¥�����¥����7KLV� LV� WKH�KLJKHVW�SUREDELOLW\�RI� FRQIOLFW� DFWRU��� LV
ZLOOLQJ�WR�WDNH�E\�ZLWKVWDQGLQJ�WKH�FKDOOHQJH�RI�DFWRU���

2I�FRXUVH��WKH�ULVN�OLPLWV�DUH�WKH�VDPH�IRU�ERWK�DFWRUV�VLQFH�WKH�JDPH�LV�V\PPHWULF�
5HFDSLWXODWLQJ��WKH�KLJKHVW�ULVN�DFWRU���LV�ZLOOLQJ�WR�WDNH�E\�FKDOOHQJLQJ�DFWRU���LV

Actor 2

I II

I
4,3

a1,b2

2,2

c1,c2

II
1,1

d1,d2

3,4

b1,a2

Table 3.1  Two-person two-strategy game

Actor 1
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WKH� VDPH� DV� WKH� KLJKHVW� SUREDELOLW\� WKDW� DFWRU� �� VWLFNV� WR� KLV� ILUVW� VWUDWHJ\�ZKHQ
FKDOOHQJHG� E\� DFWRU� ��� KHQFH� U� S�
�� $QDORJRXVO\�� U� S�
�� 7KXV� S�
� DQG� S�
� DUH
PD[LPXP�LQGLYLGXDO�SUREDELOLWLHV�RI�LQGLYLGXDO�FRQIOLFWIXO�EHKDYLRU��DQG�U��DQG�U�
DUH� WKH�PD[LPXP�LQGLYLGXDOO\�DFFHSWDEOH� ULVNV��*LYHQ� WKLV��ZH�QRZ�SURSRVH� WKH
SURGXFW�U�U�� �S�
S�
�DV�RXU�PHDVXUH�RI�FRQIOLFW��ZKLFK�LV�WKH�MRLQW�PD[LPXP�SURE�
DELOLW\�WKDW�ERWK�RI�WKH�DFWRUV�ZLOO�FKRRVH�WKHLU�UHVSHFWLYH�FRQIOLFWIXO�VWUDWHJLHV��,W�LV
D�PD[LPXP� VLQFH� HDFK� RI� WKH� FRQVWLWXHQWV� S�
� DQG� S�
� DUH�PD[LPXP� LQGLYLGXDO
SUREDELOLWLHV�RI�FRQIOLFWIXO�EHKDYLRU��$V�VKRZQ�LQ�)LJ�������WKLV�FRQIOLFW�PHDVXUH�FDQ
EH�JUDSKLFDOO\�UHSUHVHQWHG�DV�WKH�UHODWLRQ�RI�WKH�GDUNO\�VKDGHG�DUHD�RI�FRQIOLFWIXO
EHKDYLRU�WR�WKH�OLJKWO\�VKDGHG�XQLW�DUHD�¥�VLPLODU�WR�$[HOURGªV�DSSURDFK�

7KLV� \LHOGV� D� GHJUHH� &UO� ���� RI� FRQIOLFW�� ZKLFK� LV� WZLFH� DV� ODUJH� DV� $[HOURGªV
&D[� ���� VKRZQ� LQ� )LJ�������+RZHYHU�� LI�PL[HG� VWUDWHJLHV� DUH� H[FOXGHG� IURP� WKH
DQDO\VLV�VR�WKDW�UDQGRPL]DWLRQ�EHWZHHQ�WKH�WZR�SD\RIIV�������DQG�������LV�QRW�SRV�
VLEOH�� WKHQ� $[HOURGªV� FRQIOLFW� PHDVXUH� ZRXOG� LQFUHDVH� WR� &D[� ���� �VHH� )LJ������
DQG�WKXV�EH�WKH�VDPH�DV�WKH�FRQIOLFW�PHDVXUH�&UO ����IURP�WKH�ULVN�OLPLW�DSSURDFK�
)LQDOO\�� REVHUYH� WKDW� WKH� FRQIOLFW� PHDVXUH� DFFRUGLQJ� WR� WKH� ULVN� OLPLW� DSSURDFK
GRHV�QRW�GHSHQG�RQ�WKH�HTXLOLEULXP�IURP�ZKLFK�RQH�VWDUWV��7KH�DUHDV�ZRXOG�KDYH
EHHQ�WKH�VDPH�KDG�ZH�VWDUWHG�IURP�WKH�HTXLOLEULXP�������DQG�OHW�DFWRU���FKDOOHQJH
DFWRU����7KLV�LV�DOZD\V�WKH�FDVH�LQ�JDPHV�ZLWK�WZR�HTXLOLEULD��LQ�V\PPHWULF�JDPHV
DV�ZHOO�DV�LQ�DV\PPHWULF�JDPHV�

7KH�DUHDV�PLJKW�EH�LQWHUSUHWHG�DV�IROORZV��7KH�ODUJHU�WKH�XQLW�DUHD�DQG�WKH�VPDOOHU
WKH�RXWO\LQJ�DUHDV�DUH��WKH�VPDOOHU�WKH�FRQIOLFW�PHDVXUH�LV��7KH�VL]H�RI�WKH�XQLW�DUHD
FDQ�EH�LQWHUSUHWHG�DV�D�PHDVXUH�RI�WKH�MRLQW�GHPDQG�DERYH�RU�EH\RQG�WKH�FRQIOLFW
SRLQW��DQG�WKH�GDUNO\�VKDGHG�DUHD�FDQ�EH�LQWHUSUHWHG�DV�WKH�MRLQWO\�XQIHDVLEOH�H[�
SHFWDWLRQ�RI�DQ�DGGLWLRQDO�JDLQ�LQ�FDVH�RI�D�FRQIOLFW��1RWH�KRZHYHU�WKDW�WKH�UHVSHF�
WLYH�JDLQV�DQG�ORVVHV�RI�WKH�DFWRUV�DUH�QRW�DGGHG�XS�EXW�PXOWLSOLHG��)RU�H[DPSOH�

Actor 2

Actor 1
1 2 3 4

1

2

3

4

(a ,b  )

Threat

(c ,c  )

(a ,a  )(b ,a  )

1 2

1 2 1 2

1 2 

Point

 Fig. 3.1  Diagram for the risk limit game in Table 3.1
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LI� DFWRU� �� H[SHFWV� D� ODUJH� JDLQ� E\� FKDOOHQJLQJ� DFWRU� ���ZKLOH� DFWRU� �� H[SHFWV� QR
EHQHILW�IURP�D�VWUXJJOH��WKHQ�DFWRU���ZLOO�JLYH�LQ�DQG�QR�FRQIOLFW�ZLOO�RFFXU��2Q�WKH
RWKHU�KDQG��LI�RQH�RI�WKH�DFWRUV�KDV�QRWKLQJ�WR�ORVH�LQ�D�FRQIOLFW��WKH�ULVN�RI�D�FRQ�
IOLFW�LQFUHDVHV�FRQVLGHUDEO\��7KHUHIRUH�WKH�UHVSHFWLYH�JDLQV��DQG�ORVVHV��KDYH�WR�EH
PXOWLSOLHG�UDWKHU�WKDQ�DGGHG�XS�LQ�RUGHU�WR�FRQVWUXFW�WKH�FRQIOLFW�PHDVXUH�

1RZ�� UHIHUULQJ� WR�7DEOH� �����ZH� IRUPDOL]H� WKH� ULVN� OLPLW� DSSURDFK�� VWDUWLQJ�ZLWK
�D��E����,I�DFWRU���VZLWFKHV�WR�,,��VKH�ZLOO�HYDOXDWH�WKH�SUREDELOLW\�S��WKDW�DFWRU���ZLOO
VWLFN� WR�KLV�ROG� VWUDWHJ\� ,��$� ODUJH�S�� FRUUHVSRQGV� WR�DFWRU���EHLQJ�SHUFHLYHG�E\
DFWRU� �� DV� EHLQJ� UHFDOFLWUDQW��ZLWKVWDQGLQJ� WKH� WKUHDW� RU� FKDOOHQJH� IURP� DFWRU� ��
$FWRU���ZLOO�VZLWFK�WR�,,�LI

p c p a b1 2 1 2 21+ − ≥( ) �����

L�H��LI

p
a b

a c
p r1

2 2

2 2
1 2≤ −

−
= =* � �����

&RQVLGHU�S��DV�WKH�SUREDELOLW\�WKDW�DFWRU���VWLFNV�WR�KHU�VHFRQG�VWUDWHJ\�DIWHU�VKH
KDV� FKDOOHQJHG� DFWRU���� L�H�� DIWHU� DFWRU� �� KDV� DFWXDOO\� FKDOOHQJHG� WKH� HTXLOLEULXP
�,�,���$FWRU���ZLOO�VZLWFK�WR�,,�LI

p c p a b2 1 2 1 11+ − ≥( ) � �����

L�H��LI

p a b
a c

p r2
1 1

1 1
2 1≤ −

−
= =* � �����

7KH�SURGXFW�RI�WKH�ULVN�OLPLWV

C r r a b a b
a c a crl = = − −

− −1 2
1 1 2 2

1 1 2 2

( )( )
( )( )

�����

FDQ� EH� FRQVLGHUHG� WKH�PD[LPXP� GHJUHH� RI� FRQIOLFW� EHWZHHQ� WKH� DFWRUV�� L�H�� WKH
SURGXFW�RI�WKH�PD[LPXP�GHJUHH�RI�UHFDOFLWUDQFH�WKH�DFWRUV�DVVLJQ�WR�HDFK�RWKHU�
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��� 7KH�5LVN�/LPLW�$SSURDFK�LQ�D�6XSHUJDPH

6R� IDU�ZH�KDYH�DQDO\]HG�RQH�VKRW�JDPHV�RQO\��+RZHYHU��DQ�H[WHQVLRQ� WR�PXOWL�
VWDJH� JDPHV� ZLOO� VKRZ� WKDW� WKH� GHJUHH� RI� FRQIOLFW� LV� VKDSHG� E\� WKH� SOD\HUVª
HYDOXDWLRQ�RI�WKH�IXWXUH��+HQFH��WKH�DQDO\VLV�RI�WKH�PXOWLVWDJH�JDPH�ZLOO�VKRZ�DQ
LPSRUWDQW�FRQFHSWXDO�GLVWLQFWLRQ�EHWZHHQ�WKH�FRQIOLFW�RI�LQWHUHVW�DQG�WKH�ULVN�OLPLW
DSSURDFK�WR�FRQIOLFW��:H�GHYRWH�WKH�UHPDLQGHU�RI�WKLV�VHFWLRQ�WR�WKH�DQDO\VLV�RI�WKH
PXOWLVWDJH�JDPH�

&RQVLGHU�)LJ�������2QH�DFWRU�PDNHV�D�GHFLVLRQ�ZKHWKHU�RU�QRW�WR�FKDOOHQJH�KHU�RS�
SRQHQW��ZKLOH�WKH�RSSRQHQW�DW�WKH�VDPH�WLPH�GHFLGHV�ZKHWKHU�WR�UHVLVW�RU�WR�JLYH
LQ�� ,I� WKH� RSSRQHQW� JLYHV� LQ�� WKH� JDPH� LV� WHUPLQDWHG�� ,Q� PRVW� FRQIOLFWIXO� VRFLDO
VLWXDWLRQV��KRZHYHU��LQWHUDFWLRQ�FRQWLQXHV�IRU�VHYHUDO�WLPH�SHULRGV�

)LJ������DVVXPHV�WKH�HTXLOLEULXP�SDWK�ZKHUH�WKH�FKDOOHQJHU�VWLFNV�WR�KHU�FKDOOHQJH
FRQVLVWHQWO\�IRU�D�FHUWDLQ�QXPEHU�RI�SHULRGV����SHULRGV�LI�VKH�GRHV�QRW�FKDOOHQJH�DW
DOO��� DIWHU�ZKLFK� VKH� �LI� WKH� RSSRQHQW� GRHV� QRW� EDFN� GRZQ�� EDFNV� GRZQ� FRQVLV�
WHQWO\� LQ�DOO� ODWHU�SHULRGV��7KH�UHDVRQLQJ� LV�DIIHFWHG�E\�VRPH�RI� WKH� OLWHUDWXUH�RQ
UHSXWDWLRQ��VXFK�DV�.UHSV�:LOVRQ�������FULWLFL]LQJ�6HOWHQªV��������DQDO\VLV�RI�WKH
FKDLQ�VWRUH�SDUDGR[��ZKHUH�SOD\HUV�HDUO\�LQ�D�UHSHDWHG�JDPH�PD\�VHHN�WR�DFTXLUH
D� UHSXWDWLRQ� IRU� EHLQJ� §WRXJK¨� RU� §UHFDOFLWUDQW¨� RU� VRPHWKLQJ� HOVH�� $V� LV� ZHOO�
NQRZQ� IURP� WKH� §IRON� WKHRUHP�¨�PDQ\� GLIIHUHQW� HTXLOLEULXP� SDWKV� FDQ� EH� VXV�
WDLQHG�E\�PDQ\�GLIIHUHQW�VWUDWHJLHV�LQ�DQ�LQILQLWHO\�UHSHDWHG�JDPH��2QH�H[DPSOH
ZRXOG� EH� WR� DOWHUQDWH� WKH� VWUDWHJLHV� RI� FKDOOHQJH� DQG� IRUJLYHQHVV� DFFRUGLQJ� WR
VRPH�SDWWHUQ��2XU�DSSURDFK� LQ� WKLV�SDSHU��KRZHYHU�� LV� WR� IRFXV�RQ� VLWXDWLRQV� LQ
ZKLFK�D�UHSXWDWLRQ�DUJXPHQW�SOD\V�D�UROH��VR�WKDW�WKH�FKDOOHQJHU�HLWKHU�FKDOOHQJHV
DOO�WKH�WLPH�RU�QRW�DW�DOO��:H�EHOLHYH�WKDW�VXFK�VLWXDWLRQV�RFFXU�IUHTXHQWO\�LQ�UHDO

Actor 2

Actor 1

Actor 2

Actor 1

Actor 1

Actor 2

I

I

I

I

II

II

II

II

t=1

t=2

t=T

(a ,b  )
1 2

(b ,a  )
1 2

(a ,b  )1 2

(a ,b  )1 2
(b ,a  )

1 2

Fig. 3.2  Multistage game with two actors and two strategies
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OLIH��7KXV��ZKLOH�)LJ������PLJKW�QRW�FRYHU�DOO� WKH�SDWKV�REVHUYHG�LQ�SUD[LV�� LQ�RXU
RSLQLRQ�LW� LOOXVWUDWHV�SODXVLEOH�HTXLOLEULXP�SDWKV�WKDW�DUH�REVHUYHG�RIWHQ�HQRXJK
WR�MXVWLI\��RU�ZDUUDQW��WKHLU�DQDO\VLV�

*LYHQ�WKH�HTXLOLEULXP�SDWK�LQ�)LJ�������DFWRU���PLJKW�WU\�WR�HQIRUFH�WKH�SD\RII�D��LQ
KHU�SUHIHUUHG�HTXLOLEULXP��E��D���E\�FKDQJLQJ�WR�KHU�VHFRQG�VWUDWHJ\�DQG�VWLFNLQJ
WR� LW� IRU� VHYHUDO� SHULRGV� UDWKHU� WKDQ� JLYLQJ� LQ� DQG� UHFHLYLQJ� E��� $FWRU� �� PLJKW
ZLWKVWDQG� WKH� FKDOOHQJH�RU� JLYH� LQ�� ,Q� HYHU\� WLPH�SHULRG� LQ�ZKLFK�QHLWKHU� DFWRU
JLYHV� LQ�� HDFK� UHFHLYHV� �F��F���� )XWXUH� SD\RIIV� DUH� GLVFRXQWHG� DQG� WKH� VXFFHVV� RI
DFWRU��ªV�FKDOOHQJH� LV�XQFHUWDLQ��7KH�FUXFLDO�TXHVWLRQ�IRU�DFWRU��� LV�ZKHQ�WR�EDFN
GRZQ�IURP�KHU�FKDOOHQJH��'HILQH�IRU�DFWRU���D�WLPH�SHULRG�I�DIWHU�ZKLFK�VKH�FHDVHV
WR�HPSOR\�KHU�FKDOOHQJLQJ�VWUDWHJ\�LI�DFWRU���KDV�QRW�FRQFHGHG�EHIRUH�WLPH�SHULRG
I��'HILQH�WKH�IROORZLQJ�SDUDPHWHUV�DQG�UXOHV�RI�WKH�JDPH�

δ�� 'LVFRXQWLQJ�IDFWRU�RI�DFWRU����7KH�SUHVHQW�YDOXH�RI�D�SD\RII�[�LQ�SHULRG�W�IRU
DFWRU���LV�[δ�W¥��

7 /DVW�SHULRG�RI�WKH�JDPH��1R�SD\RIIV�DUH�UHFHLYHG�DIWHU�WLPH�SHULRG�7�
I 3HULRG�RI�ODVW�FKDOOHQJH�RI�DFWRU����$FWRU���GRHV�QRW�FKDOOHQJH�DIWHU�SHULRG�I�

�≤I≤7�

2EVHUYH�WKDW�LI�I� ����WKHQ�DFWRU���GRHV�QRW�FKDOOHQJH�DW�DOO��,I�DFWRU���FKDOOHQJHV
LQ� SHULRG� I� DQG� DFWRU� �� KDV� QRW� FRQFHGHG� LQ� DQ\� RI� WKH� SHULRGV� XQWLO� DQG� LQ�
FOXGLQJ�SHULRG�I��WKHQ�HDFK�JHWV��F��F���LQ�WKH�SHULRGV���������I��$FWRU���WKHQ�FRQ�
FHGHV� LQ� SHULRG� I��� DQG� UHFHLYHV� E�� LQ� WKH� SHULRGV� I���� I�������7�� �$FWRU� �� UH�
FHLYHV�D��LQ�WKH�SHULRGV�I���I�������7���,I�DFWRU���FKDOOHQJHV�LQ�SHULRG�I�DQG�DFWRU
��FRQFHGHV�LQ�SHULRG�I��WKHQ�DFWRU���JHWV�F��LQ���������I¥���DQG�D��LQ�I�I���I�������7�
�$FWRU���JHWV�F��LQ���������I¥���DQG�E��LQ�I�I���I�������7���,I�DFWRU���FRQFHGHV�LQ�SH�
ULRG� H�� H���I�� WKHQ� DFWRU� �� JHWV� F�� LQ� ��������H¥��� DQG� D�� LQ� H�H�������I�I���I�������7�
�$FWRU���JHWV�F��LQ���������H¥��DQG�E��LQ�H��H�������I�I���I�������7��

$FWRU���KDV�VRPH�RSSRUWXQLW\�FRVW� WR�EHDU�ZKHQ�VKH�EHKDYHV�FRQIOLFWIXOO\�XS�WR
DQG� LQFOXGLQJ�SHULRG� I�� ,I� VKH�JLYHV� LQ� IURP�WKH�YHU\�EHJLQQLQJ� �L�H��� LI� VKH�GRHV
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1RWH�WKDW�J��I ��� ����$OVR�QRWH�WKDW�WKH�ULVN�OLPLWV�GHULYHG�ZLWKLQ�WKH�VWDWLF�DQDO\�
VLV�FDQ�EH�GHULYHG�E\�WKH�IRUPXOD�IRU�J�����LI�7� ����7KHQ�J�����UHGXFHV�WR
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J���_7 ���LV�WKH�DGGLWLRQDO�JDLQ�ZKLFK�DFWRU���H[SHFWV�WR�UHFHLYH�LI�VKH�FKDOOHQJHV
DFWRU���LQ�SHULRG���LQ�D�JDPH�ZKLFK�LV�SOD\HG�RQO\�RQFH��7 ����UDWKHU�WKDQ�JLYLQJ
LQ��:H� FDQ� GHULYH� WKH� ULVN� OLPLW� U�� DV� GHILQHG� LQ� HTXDWLRQ� ������ LI� ZH� VROYH� WKH
HTXDWLRQ�J���_7 ��� ���IRU�S��

$VVXPH�QRZ� WKDW� WKH� LQWHUDFWLRQ� FRQWLQXHV� IRU� D� ORQJ� WLPH�� L�H�� WKDW� 7� EHFRPHV
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� &RQIOLFW�RI�,QWHUHVW�DQG�WKH�5LVN�/LPLW�$SSURDFK�WR�&RQIOLFW�
$�&RPSDULVRQ

7KH� ULVN� OLPLW� DSSURDFK� TXHVWLRQV� WKH� FKRLFH� RI� WZR� FUXFLDO� SRLQWV� LQ�$[HOURGªV
DSSURDFK��WKH�PLQLPD[�SD\RIIV�GHILQLQJ�WKH�FRQIOLFW�SRLQW��DOVR�UHIHUUHG�WR�DV�WKH
]HUR� SRLQW� RU� WKH� WKUHDW� SRLQW��� DQG� WKH� KLJKHVW� SD\RIIV� GHILQLQJ� WKH� RXWPRVW
SRLQW��7KHVH�WZR�SRLQWV�KHOS�OLPLW�WKH�UHOHYDQW�DUHDV��:H�VKRZ�WKDW��DFFRUGLQJ�WR
WKH�ULVN�OLPLW�DSSURDFK��WKH�FRQIOLFW�SRLQW� LV�QRW�QHFHVVDULO\�WKH�SRLQW�GHILQHG�E\
WKH�PLQLPD[�SD\RIIV��:H�DOVR�GHPRQVWUDWH�WKDW�WKH�ULVN�OLPLW�DSSURDFK�PD\�OHDG
WR�DQRWKHU�FKRLFH�RI�WKH�SRLQW�GHILQLQJ�WKH�RXWHU�OLPLWV�RI�WKH�UHOHYDQW�DUHD�

2EVHUYH�WKDW�WKH�WKUHDW�SRLQW��F��F��� �������LQ�)LJ������LV�WKH�VDPH�DV�WKH�PLQLPD[
SRLQW� LQ� )LJ������� 1RZ� FKDQJH� WKH� JDPH� LQ� 7DEOH� ���� WR� WKH� JDPH� LQ� 7DEOH�����
ZKLFK� KDV� WKH� VDPH�PLQLPD[� SRLQW� DV� 7DEOH� ����� EXW�ZKHUH� WKH� WKUHDW� SRLQW� LV
FKDQJHG�WR��F��F��� �������

5HODWLYH�WR�7DEOH������7DEOH�����UHYHUVHV�WKH�FHOOV�������DQG��������7KLV�GRHV�QRW�KDYH
DQ\�HIIHFW�RQ�WKH�FRQIOLFW�RI�LQWHUHVW��ZKLFK�UHPDLQV�WKH�VDPH��7KDW�LV��WKH�GHJUHH
&D[ ����RI� FRQIOLFW� DFFRUGLQJ� WR�$[HOURG� LV� WKH� VDPH� IRU� WKH�7DEOHV� ���� DQG�����
+RZHYHU�� WKH�PHDVXUH� RI� FRQIOLFW� DFFRUGLQJ� WR� WKH� ULVN� OLPLW� DSSURDFK� FKDQJHV�
7KLV� LV�GXH�WR�WKH�IDFW� WKDW�������UDWKHU�WKDQ������� LV�QRZ�WKH�FRQIOLFW�SRLQW��0RUH
VSHFLILFDOO\��WKH�JUDSKLF�UHSUHVHQWDWLRQ�RI�7DEOH�����LQ�)LJ������VKRZV�WKDW�WKH�GH�
JUHH�RI�FRQIOLFW�DFFRUGLQJ�WR�WKH�ULVN�OLPLW�DSSURDFK�LV�UHGXFHG�WR�&UO� �������&D[�
7KLV� FDQ� DOVR� EH� FDOFXODWHG� IURP� ������ REVHUYLQJ� WKDW� U�� �U�� ���¥�����¥��� �����
2EVHUYH�WKDW�&UO�DSSURDFKHV���ZKHQ�WKH�SDUDPHWHUV� LQ� WKH�XSSHU�ULJKW�FRUQHU�RI
7DEOH������ WKDW� LV� ����� �F��F����DSSURDFK� ������ � �E��E����$V� �F��F���DSSURDFK� �E��E���
WKH�SUREDELOLW\�RI�WKH�DFWRUVª�JHWWLQJ�VWXFN�DW�WKH�FRQIOLFW�SRLQW��F��F���LQFUHDVHV��7KLV
FDQ�EH�YLHZHG�DV�DQ�§LQWHUPHGLDWH�VWD\¨�IURP�ZKLFK�WKH\�PD\�FRPSHWH�RU�VWUXJ�
JOH� IRU� HLWKHU� RI� WKH� WZR� HTXLOLEULD� �D��E��� DQG� �E��D���� ,QFUHDVLQJ� �F��F��� WRZDUG

Actor 2

I II

I 4,3 1,1

II 2,2 3,4

Table 4.1  Two-person two-strategy game

Actor 1
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�E��E���WKXV�LQGXFHV�DQ�LQFUHDVLQJ�GHJUHH�RI�FRQIOLFW��&RQIOLFW�IRU�WKH�JDPH�LQ�7D�
EOH����� LV�QRW�GHILQHG�IRU�FL!EL�� L �����$OVR�REVHUYH�WKDW�&UO�GHFUHDVHV�DV�F��DQG�F�
DSSURDFK����'HFUHDVLQJ�F��RU�F��UHGXFHV�WKH�SUREDELOLW\�RI�WKH�DFWRUVª�JHWWLQJ�VWXFN
DW� WKH� FRQIOLFW� SRLQW� �F��F���� ZKLFK� LQFUHDVHV� WKH� SUREDELOLW\� RI� WKHLU� UHPDLQLQJ
SHUPDQHQWO\�LQ�RQH�RI�WKH�WZR�HTXLOLEULD��D��E���DQG��E��D����,Q�WKLV�FDVH�WKH�GHJUHH
RI�FRQIOLFW�GHFUHDVHV�

7KH�PHDVXUH�RI�FRQIOLFW�GHFUHDVHV�VLQFH�WKH�SD\RIIV�LQ�WKH�FRQIOLFW�SRLQW�GHFUHDVH�
ZKLFK� UHQGHUV� FRQIOLFWIXO�EHKDYLRU� OHVV�DWWUDFWLYH� WR�ERWK�DFWRUV��+HQFH� WKH� MRLQW
PD[LPXP� ULVN� RI� D� FRQIOLFW� WKDW� WKH� DFWRUV� DUH�ZLOOLQJ� WR� DFFHSW� GHFUHDVHV�� WRR�
&RQWUDU\� WR�$[HOURGªV� DQDO\VLV�� WKH� SRLQW� GHILQHG� E\� WKH�PLQLPD[� SD\RIIV� �����
GRHV� QRW� SOD\� DQ\� UROH� KHUH�� 7KH� FUXFLDO� IDFWRUV� DUH� WKH� SD\RIIV� LQ� WKH� WZR
HTXLOLEULD� WKH�DFWRUV� VWUXJJOH� IRU�� DQG� WKH�SD\RIIV� LQ� WKH� FRQIOLFW�SRLQW��ZKLFK� LV
QRZ�������UDWKHU�WKDQ��������+HQFH�WKH�DQDO\VLV�VKRZV�KRZ�WKH�ULVN�OLPLW�DSSURDFK
OHDGV�WR�DQRWKHU�GHILQLWLRQ�RI�WKH�XQLW�DUHD��DV�GHPRQVWUDWHG�E\�)LJ�������WKDQ�$[�
HOURGªV�DSSURDFK�GRHV��FI��)LJ������

:H�ZLOO�QRZ�VKRZ�WKDW�WKH�GHILQLWLRQ�RI�WKH�XQLW�DUHD�LQ�$[HOURGªV�DSSURDFK�PD\
DOVR�EH�FKDQJHG�E\�TXHVWLRQLQJ�WKH�FKRLFH�RI�WKH�RXWPRVW�SRLQW�LQ�WKH�XSSHU�ULJKW
GLUHFWLRQ�� 7KLV� LV� WKH� PD[LPXP� DWWDLQDEOH� SD\RII� IRU� HDFK� DFWRU� LQ� $[HOURGªV
DQDO\VLV�� ,W� LV�GHILQHG�E\� WKH�KLJKHVW�SD\RIIV� LQ� WKH�JDPH��DQG� LW� OLPLWV�ERWK� WKH
DUHD�RI�FRQIOLFWLQJ�LQWHUHVW�DQG�WKH�XQLW�DUHD�� ,W� LV�REYLRXV�WKDW�WKLV�SRLQW� LV�YHU\
LPSRUWDQW� LQ�$[HOURGªV� DQDO\VLV�RI� FRQIOLFWLQJ� LQWHUHVWV��+RZHYHU��ZH�ZLOO� VKRZ
WKDW�VWUDWHJLF�UHDVRQLQJ�PD\�UHQGHU�WKLV�SRLQW�LUUHOHYDQW��WRR��7KLV�FDQ�EH�VHHQ�LQ
WKH� WZR�SHUVRQ� WKUHH�VWUDWHJ\�JDPH� LQ�7DEOH������ZKLFK� LQFOXGHV� WKH� WZR�SHUVRQ
WZR�VWUDWHJ\� JDPH� LQ� 7DEOH������ DQG� IRU� H[SRVLWLRQDO� FRQYHQLHQFH� SUHVHUYHV� WKH
PLQLPD[�SRLQW�������

Actor 2

Actor 1
1 2 3 4

1

2

3

4

(a ,b  )

(a ,a  )

Threat Point 

(b ,a  )1 2 21

1 2

(c ,c  )1 2

Fig. 4.1  Diagram for the 2x2 game in Table 4.1
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,I� DFWRU��� UHFHLYHV�KLV�KLJKHVW�SD\RII�RI���� DFWRU���JHWV�KHU�PLQLPD[�SD\RII�RI� ��
DQG�YLFH�YHUVD��7KHUHIRUH�WKH�FRQIOLFW�RI�LQWHUHVW�LQ�WKH�HQODUJHG�JDPH�LV������ZKLFK
LV� WZLFH�ZKDW� LW�ZDV� LQ� WKH�WZR�VWUDWHJ\�JDPH�LOOXVWUDWHG� LQ�7DEOH�����E\�WKH�GH�
OLPLWLQJ�EROG�JUD\�OLQHV��$�JUDSKLF�UHSUHVHQWDWLRQ�RI�7DEOH�����LV�JLYHQ�LQ�)LJ������

$FFRUGLQJ�WR�$[HOURGªV�PHDVXUH��WKH�ZKROH�UHOHYDQW�DUHD�LV�OLPLWHG�E\�WKH�SRLQWV
����������������������������7KH�DUHD�RI�FRQIOLFWLQJ�LQWHUHVW�LV�UHSUHVHQWHG�E\�WKH�OLJKWO\
VKDGHG�WULDQJOH�VSDQQHG�E\����������������������$[HOURGªV�PHDVXUH�ULVHV�EHFDXVH�WKH
DGGLWLRQDO�VWUDWHJLHV�KDYH�VKDUSHQHG�WKH�LQFRPSDWLELOLW\�RI�LQWHUHVW��+RZHYHU��WKH
PHDVXUH�RI�FRQIOLFW�E\�ULVN�OLPLWV� LV� WKH�VDPH�LQ�ERWK�JDPHV��7KLV� LV� WKH�FDVH�EH�
FDXVH��DFFRUGLQJ�WR�VWUDWHJLF�UHDVRQLQJ��RQO\�WKH�IRXU�FHOOV�LQ�WKH�XSSHU�OHIW�DUHD�RI
7DEOH�����DUH� UHOHYDQW��$JDLQ�ZH�KDYH� WKH� WZR�HTXLOLEULD� ������DQG� �������1HLWKHU
������QRU�������DUH�HTXLOLEULD��+HQFH�WKH�ULVN�OLPLW�DSSURDFK�UHQGHUV�WKH�SRLQWV������
DQG�������LUUHOHYDQW�DV�SRLQWV�IURP�ZKLFK�HLWKHU�DFWRU�PD\�FKDOOHQJH�WKH�RWKHU�LQ
RUGHU� WR� HQIRUFH�KHU�PRVW�SUHIHUUHG� VROXWLRQ��+HQFH�QHLWKHU�RI� WKH� DFWRUV�PLJKW
UHDVRQDEO\�KRSH�WR�JHW�KHU�KLJKHVW�SRVVLEOH�SD\RII��+RZHYHU��DV�ZH�KDYH�VKRZQ
DERYH��LI�ZH�VWDUW�IURP��������LW�PLJKW�EH�D�UDWLRQDO�RSWLRQ�IRU�DFWRU���WR�FKDOOHQJH
DFWRU��� LQ�RUGHU� WR�HQIRUFH�KHU�SUHIHUUHG�HTXLOLEULXP��������$QG� LI�ZH�VWDUW� IURP
������WKH�VDPH�UHDVRQLQJ�KROGV�IRU�DFWRU���FKDOOHQJLQJ�DFWRU����&RQVHTXHQWO\��LI�ZH
ZDQW�WR�FDOFXODWH�WKH�SUREDELOLW\�RI�FRQIOLFWIXO�EHKDYLRU�DFFRUGLQJ�WR�WKH�ULVN�OLPLW
DSSURDFK�� WKH� UHVSHFWLYH� XSSHU� DQG� ULJKW� OLPLWV� DUH� WKH� VDPH� LQ� )LJ�� ���� DQG
)LJ�������,Q�)LJ������WKH�ZKROH�UHOHYDQW�DUHD�LV�WKHQ�ERXQGHG�E\�WKH�VTXDUH�VSDQQHG
E\�����������������������������7KH�GDUNO\�VKDGHG�VTXDUH�VSDQQHG�E\���������������������
������OLPLWV�WKH�DUHD�RI�FRQIOLFWIXO�EHKDYLRU�

:H� KDYH� DOUHDG\� LOOXVWUDWHG�PDQ\� LPSRUWDQW� GLIIHUHQFHV� EHWZHHQ� WKH� ULVN� OLPLW
DSSURDFK�DQG�$[HOURGªV�DSSURDFK��:KDW�UHPDLQV�LV�WR�DQDO\]H�DGGLWLRQDO�GLIIHU�
HQFHV�ZKHQ� WLPH� LV� H[SOLFLWO\� WDNHQ� LQWR� DFFRXQW��2EVHUYH� WKDW� LQ�$[HOURGªV� DS�
SURDFK�WKHUH�LV�QR�SRVVLELOLW\�WR�DFFRXQW�IRU�WKH�YDOXDWLRQ�RI�IXWXUH�SD\RIIV��L�H��IRU

Actor 2

I II III

I 4,3 2,2 5,2

Actor 1 II 1,1 3,4 1,1

III 1,1 2,5 1,1

Table 4.2  Two-person three-strategy game
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WKH�DFWRUªV�GLVFRXQW�UDWHV�� ,Q�6HFWLRQ���ZH�GHYHORSHG�WKH�PHDVXUH� ′C rl � LQ� WKH�VX�
SHUJDPH� LQ� RUGHU� WR�GHPRQVWUDWH� WKH� HIIHFWV� RI� GLVFRXQW� UDWHV� RQ� FRQIOLFWIXO� EH�
KDYLRU��2EVHUYH�IURP�(TXDWLRQ��������WKDW�LI�IXWXUH�SD\RIIV�DUH�RI�QR�YDOXH�WR�DFWRU
���δ�� �����VKH�UHJDUGV�HYHU\�WULDO�ZLWKLQ�WKH�VXSHUJDPH�DV�D�RQH�VKRW�JDPH��7KHQ
WKH�ULVN�OLPLWV�IRU�WKH�VXSHUJDPH�DQG�WKH�RQH�VKRW�JDPH�FRLQFLGH��2EVHUYH�IXUWKHU
IURP� ������� RU� ������ WKDW� ′r2 � LQFUHDVHV� DV� δ�� LQFUHDVHV�� 7KXV�� WKH� OHVV� DFWRU� �� GLV�
FRXQWV�IXWXUH�SD\RIIV��WKH�OLNHOLHU�LW�LV�WKDW�VKH�ZLOO�EHKDYH�FRQIOLFWIXOO\��*HQHUDO�
L]H�WKLV�WR�D�K\SRWKHVLV�

*LYHQ�DQ�HQGXULQJ�VWUXFWXUDOO\�JLYHQ�FRQIOLFW��WKH�PRUH�DQ�DFWRU�L�YDOXHV�WKH�IXWXUH
�δL�LV�KLJK���WKH�PRUH�KH�FRQWULEXWHV�WR�LQFUHDVHG�FRQIOLFW�EHWZHHQ�WKH�DFWRUV�

$OVR�REVHUYH�IURP��������WKDW� ′r2 �UHDFKHV�LWV�PD[LPXP�YDOXH�RI���LI�δ�� ����LQ�ZKLFK
FDVH�DFWRU���GRHV�QRW�GLVFRXQW�IXWXUH�SD\RIIV�DW�DOO�DQG�ZLOO�QRW�EH�FRQWHQW�ZLWK
WKH�SD\RII�E���5DWKHU��VKH�KDV�D�VWURQJ�LQFHQWLYH�WR�VWUXJJOH�LQ�RUGHU�WR�JHW�D�SD\�
RII�RI���DQ\�WLPH�LQ�WKH�IXWXUH�

2EVHUYH� WKDW� ′C rl � LQ� �������HTXDOV�&UO� LQ� ������ZKHQ�δL ��� VLQFH� IXWXUH�SD\RIIV�DUH
QRW�YDOXHG�LQ�WKLV�FDVH�� ,I� IXWXUH�SD\RIIV�DUH�YDOXHG�� WKDW� LV�δL!���REVHUYH�WKH�UH�
VSHFWLYH�WHUPV�δL�EL�¥�FL��ZKLFK�DUH�VXEWUDFWHG�LQ�WKH�GHQRPLQDWRU� LQ���������6LQFH
WKH�GHQRPLQDWRU�PHDVXUHV� WKH�VL]H�RI� WKH�XQLW�DUHD�� LW� IROORZV� WKDW� WKH�XQLW�DUHD
IRU� WKH� VXSHUJDPH�DSSURDFK� WR� FRQIOLFW� \LHOGLQJ� ′C rl � LQ� ������� LV� VPDOOHU� WKDQ� �LI
δL!��� RU� HTXDO� WR� �LI� δL ��� WKH� XQLW� DUHD� IRU� WKH� VWDWLF� JDPH� DSSURDFK� WR� FRQIOLFW
JLYHQ�LQ��������+HQFH� ′C rl �≥�&UO��7KLV�LV�VKRZQ�JUDSKLFDOO\�LQ�)LJ������ZKHUH��DJDLQ�
WKH�PHDVXUH�RI�FRQIOLFW� ′C rl � FRUUHVSRQGV� WR� WKH� UDWLR�RI� WKH�GDUNO\�VKDGHG� WR� WKH
OLJKWO\�VKDGHG�DUHDV�

Threat point, 
Minimax point

               

Actor 2

Actor 1
1 2 3 4 5

1

2

3

4

5

Fig. 4.2  Diagram for the three-strategy game in Table 4.2
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0RUH�VSHFLILFDOO\��REVHUYH�WKDW�SRLQW�'��ZKLFK�UHIHUV�WR�WKH�ORZHU�OHIW�FRUQHU�RI�WKH
OLJKWO\�VKDGHG�DUHD�LQ�)LJ�������FRLQFLGHV�ZLWK�WKH�WKUHDW�SRLQW��F��F��� LQ�WKH�VWDWLF
JDPH�LQ�)LJ������JLYHQ�WKDW�δL ���L �����3RLQW�'�FRLQFLGHV�ZLWK�SRLQW��E��F���IRU�δ� �
DQG�δ� ���3RLQW�'�FRLQFLGHV�ZLWK�SRLQW��F��E���IRU�δ� ��DQG�δ� ���)LQDOO\��SRLQW�'
FRLQFLGHV�ZLWK�SRLQW��E��E���IRU�δL ���L �����,Q�WKLV�ODWWHU�FDVH�WKH�OLJKWO\�DQG�GDUNO\
VKDGHG� DUHDV� LQ� )LJ������ FRLQFLGH�� ZKLFK� \LHOGV� ′C rl  �� DFFRUGLQJ� WR� �������� 7KLV
PHDQV�WKDW�LI�WKH�FRQIOLFW�JDPH�LV�UHSHDWHG�DQ�LQILQLWH�QXPEHU�RI�WLPHV��DQG�ERWK
DFWRUV�SODFH�DV�PXFK�YDOXH�RQ�HDFK�IXWXUH�WLPH�SHULRG�DV�RQ�WKH�SUHVHQW�WLPH�SH�
ULRG��δL ��� L ������ WKHQ�WKH�GHJUHH�RI�FRQIOLFW�EHWZHHQ�WKH�DFWRUV�DFFRUGLQJ�WR�WKH
ULVN�OLPLW�VXSHUJDPH�DSSURDFK�WR�FRQIOLFW�LV� ′C rl  ��

7KH�§VKDGRZ�RI�WKH�IXWXUH¨�HPERGLHG�LQ�WKH�GLVFRXQW�IDFWRUV�DIIHFWV�WKH�PHDVXUH
E\�FKDQJLQJ�WKH�YDOXDWLRQ�RI�DQ�H[SHFWHG�JDLQ�LQ�WKH�IXWXUH��7KH�KLJKHU�WKH�DFWRUV
YDOXH�SUHVHQW�SD\RIIV�UHODWLYH�WR�IXWXUH�SD\RIIV�� L�H��WKH�VPDOOHU�WKH�GLVFRXQW�IDF�
WRUV�δL�DUH��WKH�PRUH�UHOXFWDQW�WKH\�DUH�WR�ULVN�D�FRQIOLFW��)URP�WKH�SHUVSHFWLYH�RI
WKH�DFWRUV�� DQ�HQJDJHPHQW� LQWR�D� FRQIOLFW� FDQ�EH� VHHQ�DV� D� ULVN\� LQYHVWPHQW��$Q
DFWRU�PD\�� WKURXJK�FKDOOHQJLQJ�KHU�RSSRQHQW��DFFHSW�D� ORVV� LQ�WKH�SUHVHQW� LI�VKH
FDQ�UHDVRQDEO\�KRSH�WR�PDNH�XS�IRU�LW�E\�LQFUHDVLQJ�KHU�JDLQV�LQ�WKH�IXWXUH�

δ  (b -c  )
2 2 2
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c b a

D

(a  -c  )

(a  -c  )-δ (b  -c  )

(a -c )
1 1

δ (b -c  )1 11 1 1 1 1 1

(a  -c  )- δ (b  -c  )
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2 2

111

c
2

b
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a
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Fig. 4.3  The risk limit approach to conflict in a supergame
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6LQFH�$[HOURGªV�K\SRWKHVLV�FRQFHUQLQJ�EHKDYLRU�GRHV�QRW�IROORZ�IURP�KLV�FRQFHSW
RI� FRQIOLFW�� LW� LV� UHDVRQDEOH� WR� VHDUFK� IRU� WKH� LPSOLFLW� DVVXPSWLRQV� KLGGHQ� LQ� KLV
DSSURDFK��2QH�VXFK�DVVXPSWLRQ�PLJKW�EH��7KH�JUHDWHU�WKH�GLIIHUHQFH�EHWZHHQ�WKH
SD\RII�DQ�DFWRU�FDQ�VHFXUH�IRU�KLPVHOI�DQG�KLV�EHVW�SRVVLEOH�SD\RII��WKH�KDUGHU�WKH
DFWRU�ZLOO�VWULYH�IRU�KLV�EHVW�SRVVLEOH�SD\RII��)URP�WKLV�DGGLWLRQDO�DVVXPSWLRQ�DQG
KLV� GHILQLWLRQ� RI� FRQIOLFW� WKH� SURSRVLWLRQ� FRQFHUQLQJ� FRQIOLFWIXO� EHKDYLRU� FDQ� EH
GHGXFHG��+RZHYHU�� VWUDWHJLF�DVSHFWV�RI� VRFLDO� VLWXDWLRQV�DUH� WKHQ�QHJOHFWHG��7KH
DFWRUV�WU\�WR�REWDLQ�WKHLU�EHVW�SRVVLEOH�SD\RIIV�LUUHVSHFWLYH�RI�WKH�VWUDWHJLF�ORJLF�RI
VRFLDO�VLWXDWLRQV��7KH�ULVN�OLPLW�DSSURDFK�KRZHYHU��EDVHG�RQ�+DUDVDQ\LªV�FRQFHSW
RI�WKH�ULVN�OLPLW��IRFXVHV�RQ�WKH�VWUDWHJLF�LQWHUGHSHQGHQFH�LQ�VRFLDO�VLWXDWLRQV�DQG
WKHUHE\� H[SOLFDWHV�XQGHU�ZKDW� FRQGLWLRQV� WKH�SUREDELOLW\� RI� FRQIOLFWIXO� EHKDYLRU
LQFUHDVHV�

7KH�ULVN�OLPLW�DSSURDFK�WR�FRQIOLFW�DOVR�PDNHV�LW�SRVVLEOH�WR�FRQVLGHU�WKH�WLPH�GL�
PHQVLRQ�E\�PRGHOLQJ�D� VXSHUJDPH�DQG� FDOFXODWLQJ� WKH� ULVN� OLPLW� IRU� WKH� VXSHU�
JDPH��:H� VKRZ� WKDW� WKH� OHVV� DQ� DFWRU� GLVFRXQWV� IXWXUH� SD\RIIV�� WKH� KLJKHU� WKH
SUREDELOLW\�LV�WKDW�VKH�ZLOO�EHKDYH�FRQIOLFWIXOO\��0RUH�JHQHUDOO\��WKH�PRUH�DQ�DFWRU
L�YDOXHV�WKH�IXWXUH��L�H��WKH�JUHDWHU�WKH�GLVFRXQW�IDFWRU�δL� LV��WKH�PRUH�VKH�FRQWULE�
XWHV�WR�LQFUHDVHG�FRQIOLFW�EHWZHHQ�WKH�DFWRUV��+HQFH��WKH�PRUH�DQ�DFWRU�YDOXHV�IX�
WXUH� JDLQV� UHODWLYH� WR� SUHVHQW� JDLQV�� WKH�PRUH� LQFOLQHG� VKH�ZLOO� EH� WR� LQYHVW� LQ� D
FRQIOLFW��:KLOH�LW�VHHPV�WR�EH�FRPPRQ�NQRZOHGJH�DPRQJ�VRFLDO�VFLHQWLVWV�WKDW�LQ
VLWXDWLRQV�LQYROYLQJ�FRQIOLFW�RI�LQWHUHVW��WKH�DFWRUVª�LQWHUHVW�LQ�WKH�IXWXUH�PD\�KHOS
WR� VWDELOL]H� FRRSHUDWLYH� EHKDYLRU� UDWKHU� WKDQ� HQFRXUDJH� DJJUHVVLYH� DFWLRQ�� ZH
VKRZ� WKDW� WKH� §VKDGRZ� RI� WKH� IXWXUH¨� PD\� YHU\� ZHOO� SURYLGH� DQ� LQFHQWLYH� WR
FRPSHWH� IRU� DQ� HTXLOLEULXP� PRUH� IDYRUDEOH� WR� RQHVHOI�� 2I� FRXUVH�� VLQFH� EHLQJ
FDXJKW�LQ�FRQIOLFW�LV�FRVWO\�IRU�ERWK�RI�WKH�DFWRUV��WKH\�ZLOO�DWWHPSW�WR�GHYHORS�LQ�
VWLWXWLRQDO�UXOHV�WR�VHWWOH�WKH�FRQIOLFW�LQ�WKH�ORQJ�UXQ��7KH�GHVLJQ�RI�WKH�UHVSHFWLYH
LQVWLWXWLRQV� PLJKW� IDYRU� WKH� VWURQJHU� SDUW\� �.QLJKW�������� L�H�� WKH� RQH� ZLWK� WKH
KLJKHU�ULVN�OLPLW��:H�GR�QRW�WUHDW�WKLV�VXEMHFW�KHUH�VLQFH�LW�LV�EH\RQG�WKH�VFRSH�RI
WKLV�SDSHU�
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