
)RFXV�LQWHUSUHWDWLRQ�DQG�FRYHUW�PRYHPHQW�
WKH GDNH EORFNLQJ�HIIHFW�
PLWFKR��0LFKDHO芳貴 (UOHZLQH�� 0,7�
*/2: LQ�$VLD�<RXQJ�6FKRODUV�:RUNVKRS�DW�0LH�8QLYHUVLW\� 6HSWHPEHU��� ����

*RDOV�RI�WKLV�WDON

,Q�WKLV�WDON�ZH�FRQVLGHU�WKH�HIIHFW�RI�WKH�-DSDQHVH�¶RQO\·�ZRUG GDNH RQ�TXDQWLÀHU�VFRSH�
,Q�SDUWLFXODU� , DP�WR�

� SUHVHQW WKH GDNH EORFNLQJ�HIIHFW�

� H[SODLQ�WKLV�HIIHFW�E\�SURSRVLQJ D�JHQHUDO�FRQGLWLRQ�RQ�WKH�VFRSH�RI�TXDQWLÀHUV
ZKLFK�DUH�IRFXV�PDUNHG DQG�H[DPLQLQJ�WKH�VFRSH�RI�WKH GDNH� DQG

� DFFXUDWHO\�PRGHO�WKH�LQWHUSUHWDWLRQ�RI VWDFNHG GDNH���VKLND DQG�LWV�JUDPPDWL�
FDOLW\�FRQGLWLRQV�

� 7KH GDNH EORFNLQJ�HIIHFW

&RQVLGHU�WKH�HIIHFW�RI�WKH�-DSDQHVH�FRQVWLWXHQW�¶RQO\·�ZRUG GDNH EHORZ�

��� 3RVVHVVRUV�FDQ�UHJXODUO\�WDNH�ZLGH�VFRSH�
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!¶7DUR·V�GRJ�V��DQG�+DQDNR·V�GRJ�V� 7�+ !�GRJ

��� 'DNH EORFNV�GLVWULEXWLYH�UHDGLQJ�RI�SRVVHVVRUV�
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�, WKDQN�,UHQH�+HLP� 'DQQ\�)R[� &KULV�7DQFUHGL� 6KLJHUX�0L\DJDZD� DQG�.DL�YRQ�)LQWHO�IRU�WKRXJKWIXO�FRPPHQWV�DQG
FRQVWUXFWLYH�FULWLFLVP� $OO�VKRUWFRPLQJV�DUH�RI�FRXUVH�P\�RZQ�

�

!¶7KH�GRJ�V��WKDW�EHORQJ�SUHFLVHO\�WR�7DUR� +DQDNR� GRJ�!�7�+
DQG�QRRQH�HOVH�·


�¶7DUR·V�GRJ�V��DQG�+DQDNR·V�GRJ�V�� EXW�QRRQH 7�+ !�GRJ
HOVH·V�GRJV·

��� 7KH GDNH EORFNLQJ�HIIHFW �ÀUVW�GHVFULSWLRQ��
$ TXDQWLÀHU QZKLFK�LV�LQ�WKH�VHPDQWLF�IRFXV�RI GDNH FDQQRW�WDNH�ZLGH�VFRSH
ZLWK�UHVSHFW�WR�DQ\�VFRSH�EHDULQJ�RSHUDWRU�RXWVLGH�RI GDNH�

>�>�>���� > Q @F ��� @ GDNH @���� α @ ⇒ 
Q ! α

%XW GDNH GRHV�QRW�DOZD\V�KDYH�WKLV�HIIHFW�

��� $ SOXUDO�IRFXV�RI GDNH WKDW�FDQ�WDNH�ZLGH�VFRSH�
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!¶2QO\�7DUR�DQG�+DQDNR� λx � >,@ ZDQW�WR�SOD\�ZLWK x�· 7�+ !�ZDQW
!¶>,@ ZDQW�WR�SOD\�ZLWK�MXVW�7DUR�DQG�+DQDNR�· ZDQW�!�7�+

� 3URSRVDO

☞ 'DNH LWVHOI�WDNHV�VFRSH�DW�GLIIHUHQW�SRVLWLRQV�
6RPHWLPHV�WKH�VFRSH�RI '$.( LV�HTXLYDOHQW�WR�LWV�PRUSKRV\QWDFWLF�SRVLWLRQ� ZKLOH
VRPHWLPHV�LW�LV�PXFK�KLJKHU��)XWDJL ����� D�R���

☞ $ JHQHUDO�SULQFLSOH�RI�IRFXV�LQWHUSUHWDWLRQ�
$TXDQWLÀHUQZKLFK�LV�ZLWKLQ�WKH�IRFXV�RI�D�IRFXV�VHQVLWLYH�RSHUDWRU��Op EHORZ�
FDQQRW�RXWVFRSH�WKDW�RSHUDWRU�


> QL ��� > Op >���� Wi,F ��� @ @ @

7KLV�SULQFLSOH�ZLOO�EH�GHULYHG�DV�D�FRUROODU\�RI 5RRWK·V��������)RFXV�,QWHUSUHWD�
WLRQ�3ULQFLSOH� D�VWDQGDUG�DVVXPSWLRQ�IRU�PRGHOLQJ�IRFXV�FRPSXWDWLRQ�

,Q�RWKHU�ZRUGV� WKH�ZLGH�VFRSH�RI�7�+ LV�DYDLODEOH�LQ�����EXW�QRW�LQ�����DV '$.( LWVHOI
FDQ�WDNH�D�ZLGHU�VFRSH�LQ�����EXW�QRW�LQ����� :KDW�PDWWHUV�LV�QRW�WKH�PRUSKRV\QWDFWLF
SRVLWLRQ�RI GDNH EXW�LWV�VHPDQWLF�VFRSH�

�



��� %DFNJURXQG� $OWHUQDWLYH�6HPDQWLFV��5RRWK� ����� �����

7KH�FKRLFH�RI�VHPDQWLF�IRFXV�RI�D�IRFXV�VHQVLWLYH�RSHUDWRU�LV�HVWDEOLVKHG�YLD�IRFXV
SURVRG\��)�PDUNLQJ�� 7KLV�SURFHVV�LV�FDOOHG $VVRFLDWLRQ�ZLWK�)RFXV �-DFNHQGRII
����� 5RRWK �������

��� 7KHVH�VHQWHQFHV�KDYH�GLIIHUHQW�WUXWK�FRQGLWLRQV��5RRWK� �����
D� 0DU\�RQO\�LQWURGXFHG�>%LOO@F WR�6XH�
E� 0DU\�RQO\�LQWURGXFHG�%LOO�WR�>6XH@F �

¶2QO\·�SUHVXSSRVHV�WKDW�WKH�VWDWHG�H[SUHVVLRQ�LV�WUXH�DQG�DVVHUWV�WKDW�DOO�RWKHU DOWHU�
QDWLYHV LQ�WKH�VHW�RI�DOWHUQDWLYHV�DUH�IDOVH��+RUQ� ����� 5RRWK� ������

��� 21/< α HYDOXDWHG�DJDLQVW�ZRUOG w�

SUHVXSSRVHV� !α"I�Z0�
DVVHUWV� ∀φ ∈ !α"$[φ $= !α", → ¬φ(w�)]

ZKHUH !α"I LV�WKH RUGLQDU\��LQWHQVLRQDO��VHPDQWLF�YDOXH DQG !α"A LV�WKH IRFXV
VHPDQWLF�YDOXH RI α�

7KH�IRFXV�VHPDQWLF�YDOXH !α"A LV�WKH�VHW�RI�DOWHUQDWLYHV�DQG�LQFOXGHV !α"I � ,W�LV�FRP�
SXWHG�FRPSRVLWLRQDOO\� IRU�D�WHUPLQDO γ� LI�LW�LV�QRW�)�PDUNHG� !γ"A  {!γ",}� LI γ LV
)�PDUNHG� !γ"A LV�WKH�VHW�RI�DOWHUQDWLYHV�WR α� DW\SHRI(!γ",)�

7KH�DOWHUQDWLYHV !α"A PXVW�VDWLVI\�WKH�)RFXV�,QWHUSUHWDWLRQ�3ULQFLSOH�

��� )RFXV�,QWHUSUHWDWLRQ�3ULQFLSOH��),3� 5RRWK ����� �VLPSOLÀHG���
7KH�DOWHUQDWLYHV�FRQVLGHUHG !α"A PXVW�LQFOXGH�DQ�HOHPHQW�ZKLFK�LV�QRW�WKH
RUGLQDU\�VHPDQWLF�YDOXH� ∃β ∈ !α"$[β $= !α",]

7KH�),3 LV�QRUPDOO\�VDWLVÀHG�VLPSO\�E\�VRPHWKLQJ�ZLWKLQ α EHLQJ�)�PDUNHG�
�(YHQ�WKRXJK GDNH LV�D�FRQVWLWXHQW�¶RQO\�· LW�DOVR�XWLOL]HV�$VVRFLDWLRQ�ZLWK�)RFXV�DV�LWV�VHPDQWLF�IRFXV�FDQ�DOVR�EH

SURVRGLFDOO\�FRQGLWLRQHG�
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¶, VDZ�RQO\�>7DUR·V@F GRJ��� �QRW�DQ\RQH�HOVH·V�GRJ�·
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¶, VDZ�RQO\�7DUR·V�>GRJ@F ��� �QRW�7DUR·V�RWKHU�DQLPDOV�·
�5RRWK �������PDNHV�D�GLVWLQFWLRQ�EHWZHHQ�WKH�IRFXV�VHPDQWLF�YDOXH !α"A DQG�WKH�VHW�RI�DOWHUQDWLYHV� ZKLFK�KH�FDOOV C

WR�LQGLFDWH�WKDW�LW�LV�FRQWH[WXDOO\�GHWHUPLQHG� $V�VXFK� 5RRWK·V��������),3 UHTXLUHV�ÀUVW�WKDW C ⊆ !α"$� WRJHWKHU�ZLWK�WKH
HTXLYDOHQW�RI�WKH�),3 DERYH� WKDW C PXVW�FRQWDLQ�DW�OHDVW�RQH�RWKHU�DOWHUQDWLYH�EHVLGH !α"I �

�

��� 7KH�GLIIHUHQW�VFRSHV�RI GDNH

,W�LV�ZHOO�NQRZQ�WKDW GDNH FDQ�VRPHWLPHV�WDNH�VFRSH�DERYH�VHQWHQWLDO�RSHUDWRUV�VXFK
DV�PRGDOV��)XWDJL� ����� +DUDGD�DQG�1RJXFKL� ����� .XQR�DQG�0RQDQH� ����� 6KRML�
������

��� 'DNH ZLWK�SRVWSRVLWLRQ�FDQ�VFRSH�DERYH�WKH�PRGDO� �FI ��
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!¶>,@ ZDQW�WR�SOD\�ZLWK�RQO\�7DUR· ZDQW�!�RQO\
!¶>,@ RQO\�ZDQW�WR�SOD\�ZLWK�7DUR�· RQO\�!�ZDQW

��� 'DNH LQ�SRVVHVVRU�FDQQRW�VFRSH�DERYH�WKH�PRGDO� �FI ��
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!¶>,@ ZDQW�WR�SOD\�ZLWK�WKH�GRJ�WKDW�LV�RQO\�7DUR·V· ZDQW�!�RQO\

�¶7KH�RQO\�GRJ�, ZDQW�WR�SOD\�ZLWK�LV�7DUR·V�· RQO\�!�ZDQW

,Q���� ��� GDNH LV�DEOH�WR�WDNH�ZLGH�VFRSH�DERYH�WKH�VHQWHQWLDO�PRGDO�DQG�´7DUR�DQG
+DQDNRµ�LV�DEOH�WR�DV�ZHOO� ,Q���� ��� GDNH LV�XQDEOH�WR�WDNH�VFRSH�RYHU�WKH�PRGDO�DQG
´7DUR�DQG�+DQDNRµ�PXVW�KDYH�QDUURZ�VFRSH�DV�ZHOO�� ,Q�RWKHU�ZRUGV� WKH�VFRSH�RI
´7DUR�DQG�+DQDNRµ�LV�OLPLWHG�E\�WKH�VFRSH�RI GDNH�

���� 7KH GDNH EORFNLQJ�HIIHFW �EHWWHU�GHVFULSWLRQ��
$ TXDQWLÀHU QZKLFK�LV�LQ�WKH�VHPDQWLF�IRFXV�RI GDNH FDQQRW�WDNH�ZLGH�VFRSH
ZLWK�UHVSHFW�WR�DQ\�VFRSH�EHDULQJ�RSHUDWRU�RXWVLGH�RI�WKH�VHPDQWLF�VFRSH�RI
GDNH�

>�>�>�>�>���� > Q @F ��� @ ´GDNHµ�@���� β @���� VFRSH�RI GDNH @���� α @
⇒ 
Q > α� RNQ > β

�7KH�DQDO\VLV�SUHVHQWHG�KHUH�GRHV�QRW�GHSHQG�RQ�D�SDUWLFXODU�FKDUDFWHUL]DWLRQ�RI�ZK\ GDNH FDQ�WDNH�ZLGH�VFRSH�LQ
VRPH�SRVLWLRQV�EXW�QRW�LQ�RWKHUV� 6HH )XWDJL �������DQG�UHIHUHQFHV�WKHUHLQ�IRU�D�YDULHW\�RI�DSSURDFKHV�

�



��� $ JHQHUDO�WKHRUHP�RI�IRFXV�LQWHUSUHWDWLRQ

7KHRUHP� 1RGH χ LV�FRQWDLQHG�ZLWKLQ�WKH�VHPDQWLF�IRFXV�RI�D�IRFXV�VHQVLWLYH�RSHU�
DWRU Op� ,I χ PRYHV�WR�D�SRVLWLRQ�RXWVLGH�RI�WKH�VFRSH�RI Op� WKH�UHVXOWLQJ�VWUXFWXUH
ZLOO�EH�XQLQWHUSUHWDEOH� ,I χPRYHV�ZLWKLQ�WKH�VFRSH�RI Op� LW�LV�LQWHUSUHWDEOH�

3URRI� &RQVLGHU�WKH�WZR�GLIIHUHQW�FRQÀJXUDWLRQV�RI�PRYHPHQW�

χPRYLQJ�RXW�RI�WKH�VFRSH�RI Op�

���� > χL,)� > λL ��� > Op >α ��� >���� tL� ��� @F @�@�@�@

� � 7KH�WUDFH tL·V�RUGLQDU\�VHPDQWLF�YDOXH�LV�VLPSO\�D�YDULDEOH��VD\� x��DQG�WKH�PRYH�
PHQW�RI χ WR�WKH�KLJKHU�SRVLWLRQ�LQWURGXFHV�D λ�ELQGHU�ZKLFK�ELQGV�WKDW�YDULDEOH
�+HLP�DQG�.UDW]HU� ������

☞ 7KH�IRFXV�VHPDQWLF�YDOXH�RI�D�WUDFH�LV�VLPSO\�WKH�VLQJOHWRQ�RI�WKH�YDULDEOH
![tL])"$ = {![tL]"} = {x}�� 7KH�DOWHUQDWLYH�VHW !α"A WKHQ�ZLOO�RQO\�KDYH�RQH�HOH�
PHQW�

� 5HFDOO�WKDW�WKH�)RFXV�,QWHUSUHWDWLRQ�3ULQFLSOH�UHTXLUHV�WKDW !α"A FRQWDLQ�DW�OHDVW
RQH�HOHPHQW�GLVWLQFW�IURP !α"I � VR !α"A PXVW�KDYH�PRUH�WKDQ�RQH�HOHPHQW�

∴ �����YLRODWHV�WKH�),3 DQG�LV�XQJUDPPDWLFDO�

χPRYLQJ�ZLWKLQ�WKH�VFRSH�RI Op�

���� > Op >α ��� > χL,)� > λL ��� >���� tL� ��� @F @�@�@�@

�![tL])"A LV�VWLOO�WKH�VLQJOHWRQ�VHW�RI�WKH�WUDFH�YDULDEOH� +RZHYHU� WKDW�YDULDEOH�LV�ERXQG
E\�WKH�TXDQWLÀHU�DQG�LWV λ�ELQGHU� 7KH�PRYHG χ LV�)�PDUNHG�DQG�LQWURGXFHV�PXOWLSOH
DOWHUQDWLYHV� !α"$ WKHQ�ZLOO�VDWLVI\�WKH�),3� #

7KH GDNH EORFNLQJ�HIIHFW�LV�VLPSO\�D�VSHFLDO�FDVH�RI�WKLV�WKHRUHP�
�&RQVLGHU�RWKHU�SRWHQWLDO�DOWHUQDWLYHV�IRU ![tL])"A�

D� ![tL])"$ = DW\SHRI(!WL" ,)� 7KHQ�LW�LV�D�VHW�RI�HOHPHQWV�ZKLFK�GR�QRW�LQYROYH�YDULDEOHV�DQG�WKH�PRYHG χ DQG�LWV λ�ELQGHU
ZLOO�QR�ORQJHU�ELQG�DQ\�YDULDEOH� WULJJHULQJ�WKH�EDQ�RQ�YDFXRXV�TXDQWLÀFDWLRQ�

E� ![tL])"$ = {x�, x�, x�, ...|W\SHRI(xL) = W\SHRI(![tL])",)}� D�VHW�RI�GLIIHUHQW�YDULDEOHV�RI�WKH�VDPH�W\SH�DV tL� +RZHYHU�
LQ�WKLV�FDVH�DOO�WKH�DOWHUQDWLYHV�ZKLFK�DUH�QRW�WKH�RUGLQDU\�VHPDQWLF�YDOXH�ZLOO�HQG�XS�ZLWK�D�IUHH�YDULDEOH�DQG�ZLOO
QRW�EH�LQWHUSUHWDEOH�

�

��� ([SODLQLQJ�WKH�3/$

7KH�WKHRUHP�DERYH�DOVR�H[SODLQV 7DQFUHGL·V��������3ULQFLSOH�RI�/H[LFDO�$VVRFLDWLRQ�
ZKLFK�ZDV�SURSRVHG�WR�H[SODLQ�GDWD�VXFK�DV������

���� 7KH�3ULQFLSOH�RI�/H[LFDO�$VVRFLDWLRQ��3/$� �7DQFUHGL� ������
$Q�RSHUDWRU�OLNH�´RQO\µ�PXVW�EH�DVVRFLDWHG�ZLWK�D�OH[LFDO�FRQVWLWXHQW�LQ�LWV
F²FRPPDQG�GRPDLQ�>DW�6�VWUXFWXUH@�

���� 
 :KRi GLG�%LOO�RQO\�VHH�>�Wi @F"

$RXQ�DQG�/L �������DUJXH�WKDW�WKH�3/$ PXVW�EH�DFWLYH�DW�/) DV�ZHOO� FLWLQJ�45 GDWD�

���� $RXQ�DQG�/L ������ S� �����
D� 6RPHRQH�ORYHV�HYHU\�ER\�LQ�WKH�URRP� �∃ > ∀, ∀ > ∃�
E� 6RPHRQH�RQO\�ORYHV�HYHU\�ER\�LQ�WKH�URRP� �∃ > ∀, ∗∀ > ∃�

����LQVWHDG�RI�HYHU\RQH�LQ�WKH�URRP� ER\�DQG�JLUO�

+RZHYHU� 7DQFUHGL �������DQG $RXQ�DQG�/L �������GLG�QRW�VWXG\�FDVHV�RI�TXDQWLÀHUV
UDLVLQJ ZLWKLQ WKH�VFRSH�RI�WKH�IRFXV�VHQVLWLYH�RSHUDWRU�QRU�GR�WKH\�JLYH�D�SULQFLSOHG
DFFRXQW�IRU�ZK\�WKLV�HIIHFW�RFFXUV� 7KHVH�DUH�WKH�SULPDU\�WKHRUHWLFDO�FRQWULEXWLRQV
RI�WKLV�VWXG\�

�



� $SSOLFDWLRQ� PRGHOLQJ GDNH � VKLND

-DSDQHVH�KDV�DQRWKHU�¶RQO\·�ZRUG� VKLND� 8QOLNH GDNH� VKLND LV�DQ�13,�

���� -DSDQHVH�´RQO\µ�LWHPV� GDNH �QRW�SRODULW\�VHQVLWLYH��DQG VKLND �13,�
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≈ ¶7DUR�HDWV�RQO\�VXVKL�·
E� 太郎
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食べ-ない。
WDEH�QDL
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≈ ¶7DUR�HDWV�RQO\�VXVKL�·

,QWHUHVWLQJO\� D�YDULDQW�RI����D²E��ZLWK�ERWK GDNH DQG VKLND LV�DOVR�DYDLODEOH�

���� 6WDFNLQJ�RI GDNH DQG VKLND �VWLOO�DQ�13,�
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しか
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6+,.$

食べ-ない。
WDEH�QDL
HDW�1(*

≈ ¶7DUR�HDWV�RQO\�VXVKL�·

4XHVWLRQ� 'RHV GDNH���VKLND �����PHDQ�WKH�VDPH�DV�MXVW GDNH ���D��RU�MXVW VKLND ���E�"

��� :KHQ GDNH�VKLND LVQ·W�MXVW VKLND

☞ ,Q�VRPH�VLWXDWLRQV� GDNH�VKLND UHVXOWV�LQ�GLIIHUHQW�HQWDLOPHQWV�WKDQ�ZKHQ�MXVW
XVLQJ VKLND�

���� D� VKLND�
太郎
7DUĿ
7DUR

と
WR
DQG

花子
+DQDNR
+DQDNR

から
NDUD
IURP

しか
VKLND
6+,.$

逃げ-ない
QLJH�QDL
UXQ DZD\�1(*

≈ ¶>,@ RQO\�UXQ�DZD\�IURP�7DUR�DQG�+DQDNR·

�

E� GDNH�VKLND�
太郎
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と
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だけ
GDNH
'$.(

から
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しか
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逃げ-ない
QLJH�QDL
UXQ DZD\�1(*

≈ ¶>,@ RQO\�UXQ�DZD\�IURP�RQO\�7DUR�DQG�+DQDNR·

+HUH�LV�WKH�EHKDYLRU�, ZRXOG�H[SHFW�RI�WKH�VSHDNHUV�RI������

SUHGDWRU ���D� VKLND ���E� GDNH�VKLND
7DUR UXQ�DZD\� QR
+DQDNR UXQ�DZD\� QR
-LUR��VRPHRQH�HOVH� QR QR
7DUR���+DQDNR UXQ�DZD\� UXQ�DZD\�

:KHQ�ZH�DGG GDNH� ZH�UXOH�RXW�VXEVHWV��DQG�VXSHUVHWV��RI�WKH�VWDWHG�SUHGDWRUV�

��� &RPSXWLQJ GDNH�VKLND

*LYHQ�WKH GDNH EORFNLQJ�HIIHFW� ZH�PXVW�FRQVLGHU�

D� WKH�SRWHQWLDO�VFRSHV�RI�WKH�SOXUDO�GLVWULEXWRU�´7DUR�DQG�+DQDNRµ� DQG

E� WKH�VFRSH�RI�WKH�UHOHYDQW GDNH�

☞ 7KH�VHQWHQFHV�LQ������LQYROYH�D JHQHULF�RSHUDWRU�� $VVXPH�´, UXQ�DZD\�IURP�7DURµ
LV�HTXLYDOHQW�WR�´ZKHQ�7DUR�FRPHV�DIWHU�PH� , UXQ�DZD\�µ L�H� ZH�TXDQWLI\�RYHU
VLWXDWLRQV�ZKLFK�VDWLVI\�WKH�SUHVXSSRVLWLRQV�RI�´UXQ�DZD\�IURP X �µ

&RQVLGHU����D��XVLQJ�D�GLVWULEXWLYH�RSHUDWRU ',67 IRU�WKH�SOXUDO�´7DUR�DQG�+DQDNRµ�

���D·� VKLND !�SOXUDO�',67 !�JHQHULF�
/HW f = λx.ZKHQ x FRPHV�DIWHU�PH� , UXQ�DZD\�
∀φ ∈ {',67 f �7DUR ⊕ +DQDNR�� ',67 f �7DUR�� ',67 f �+DQDNR�� ',67 f �-LUR�����}

= {f �7DUR� ∧ f �+DQDNR�� f �7DUR�� f �+DQDNR�� f �-LUR�����}
LI ',67 f �7DUR ⊕ +DQDNR�� f �7DUR� ∧ f �+DQDNR��GRHV�QRW�HQWDLO φ� φ LV�IDOVH�

7KLV�FRUUHFWO\�PRGHOV����D�� VR ',67 FDQ�WDNH�VFRSH�RYHU�WKH�JHQHULF �
�7KDQNV�WR�,UHQH�+HLP�IRU�SRLQWLQJ�RXW�WKH�LPSRUWDQFH�RI�WKH�LQWHUDFWLRQ�ZLWK�WKH�JHQHULF�KHUH�

�



1RZ�ZH�PXVW�LGHQWLI\�WKH�VFRSH�RI GDNH LQ����E�� )URP�WKH�HQWDLOPHQWV�RI�WKH�VLP�
SOLÀHG�VHQWHQFH������ ZH�OHDUQ�WKDW GDNH VFRSHV�EHORZ�WKH�JHQHULF �

���� 太郎
7DUĿ
7DUR

だけ
GDNH
'$.(

から
NDUD
IURP

しか
VKLND
6+,.$

逃げ-ない
QLJH�QDL
UXQ DZD\�1(*

≈ ¶>,@ RQO\�UXQ�DZD\�IURP�RQO\�7DUR·

SUHGDWRU ���� GDNH�VKLND
7DUR UXQ�DZD\�
+DQDNR QR
7DUR���+DQDNR QR

���·� VKLND !�JHQHULF�! GDNH�
/HW f ′ = λx. ZKHQ�GDNH�x FRPHV�DIWHU�PH�� , UXQ�DZD\

≈ λx. ZKHQ x FRPHV�DIWHU�PH�EXW�QRRQH�HOVH�GRHV� , UXQ�DZD\
∀φ ∈ {f ′�7DUR ⊕ +DQDNR�� f ′�7DUR�� f ′�+DQDNR�� f ′�-LUR�����}
LI f ′�7DUR��GRHV�QRW�HQWDLO φ� φ LV�IDOVH�

$V f ′�7DUR��GRHV�QRW�HQWDLO f ′�7DUR ⊕ +DQDNR�� f ′�7DUR ⊕ +DQDNR��LV�H[SOLFLWO\�DV�
VHUWHG�E\������WR�EH�IDOVH�

☞ (YHQ�WKRXJK�WKH�SOXUDO�',67 FDQ�VFRSH�RYHU�WKH�JHQHULF����D�� WKH GDNH EORFNLQJ
HIIHFW�WHOOV�XV�WKDW WKH�SOXUDO�',67 PXVW�UHPDLQ�ZLWKLQ�WKH�VFRSH�RI GDNH �

���E� 太郎
7DUĿ
7DUR

と
WR
DQG

花子
+DQDNR
+DQDNR

だけ
GDNH
'$.(

から
NDUD
IURP

しか
VKLND
6+,.$

逃げ-ない
QLJH�QDL
UXQ DZD\�1(*

≈ ¶>,@ RQO\�UXQ�DZD\�IURP�RQO\�7DUR�DQG�+DQDNR·

���E·� VKLND !�JHQHULF�! GDNH �!�SOXUDO�',67��
∀φ ∈ {f ′�7DUR ⊕ +DQDNR�� f ′�7DUR�� f ′�+DQDNR�� f ′�-LUR�����}
LI f ′�7DUR ⊕ +DQDNR��GRHV�QRW�HQWDLO φ� φ LV�IDOVH�

☞ $V f ′�7DUR��DQG f ′�+DQDNR��DUH�QRW�HQWDLOHG�E\ f ′�7DUR⊕+DQDNR�� ���E��H[SOLF�
LWO\�DVVHUWV�WKDW�WKH\�DUH�IDOVH� JLYLQJ�XV�WKH�HQWDLOPHQWV�REVHUYHG�

2Q�WKH�RWKHU�KDQG� ZKDW�LI�ZH�OHW�SOXUDO�',67 VFRSH�RYHU�WKH�JHQHULF� DV�ZRXOG�EH
H[SHFWHG�EDVHG�RQ����D�� ZLWKRXW�WKH GDNH EORFNLQJ�HIIHFW"

�

���Eµ� VKLND !�SOXUDO�',67 !�JHQHULF�! GDNH�
∀φ ∈ {',67 f ′�7DUR ⊕ +DQDNR�� ',67 f ′�7DUR�� ',67 f ′�+DQDNR�� ',67 f ′�-LUR�����}

= {f ′�7DUR� ∧ f ′�+DQDNR�� f ′�7DUR�� f ′�+DQDNR�� f ′�-LUR�����}
LI ',67 f ′�7DUR ⊕+DQDNR�� f ′�7DUR� ∧ f ′�+DQDNR��GRHV�QRW�HQWDLO φ� φ LV�IDOVH�

2I�FRXUVH� f ′�7DUR� ∧ f ′�+DQDNR��HQWDLOV f ′�7DUR��DQG f ′�+DQDNR��VR�ZH�DUH�DOORZHG
WR�UXQ�DZD\�IURP�MXVW�7DUR�DQG�IURP�MXVW�+DQDNR��LQGLFDWHG�E\�WKH EHORZ�� 7KXV�
���Eµ��JLYHV�XV�WKH�ZURQJ�HQWDLOPHQWV�IRU����E��

SUHGDWRU ���E� GDNH�VKLND ���Eµ��FRPSXWHG
Z�R GDNH HIIHFW

7DUR QR UXQ�DZD\
+DQDNR QR UXQ�DZD\
-LUR��VRPHRQH�HOVH� QR QR
7DUR���+DQDNR UXQ�DZD\� UXQ�DZD\�

��� &RQVHTXHQFHV� LQIHOLFLWRXV�XVHV�RI GDNH�VKLND

☞ :H�FDQ�QRZ�H[SODLQ�FHUWDLQ�LQIHOLFLWRXV�XVHV�RI GDNH�VKLND� ZKHUH�WKH VKLND DOWHU�
QDWLYH�LV�DOORZHG�

���� )HOLFLWRXV VKLND EXW�QRW GDNH�VKLND�
7KH�GHWHFWLYH� ´:KHUH�LV�WKLV�PDQ�QRZ"µ
D� [彼-は

.DUH�ZD
+H�723

会社
NDLVKD
FRPSDQ\

に
QL
DW

しか
VKLND
6+,.$

い-ない]
L�QDL
EH�1(*

と
WR
&

思います。
RPRLPDVX
WKLQN

¶, WKLQN�KH�^LV�RQO\�FRXOG�RQO\�EH`�DW�WKH�RIÀFH�·
E� ?? [彼-は

.DUH�ZD
+H�723

会社
NDLVKD
FRPSDQ\

だけ
GDNH
'$.(

に
QL
DW

しか
VKLND
6+,.$

い-ない]
L�QDL
EH�1(*

と
WR
&

思います。
RPRLPDVX
WKLQN

¶, WKLQN�KH�^LV�RQO\�FRXOG�RQO\�EH`�DW�WKH�RIÀFH�·

VKLND ! GDNHZLWK�QR�LQWHUYHQLQJ�RSHUDWRU�LV�DW�EHVW�UHGXQGDQW�DQG�DW�ZRUVW�SURGXFHV
D�YDFXRXV�DVVHUWLRQ�� $V�WKHUH�LV�QR�RWKHU�VFRSH�EHDULQJ�RSHUDWRU�LQ������ WKH�DGGLWLRQ
RI GDNH LQ����E��LV�DW�EHVW�XQQHFHVVDU\�

�<RVKLPXUD �������SURSRVHV�WKDW VKLND LV�OLNH�(QJOLVK�¶RQO\�· LQ�WKDW�LW�SUHVXSSRVHV�WKH�SUHMDFHQW��WKH�VWDWHG�YDOXH��DQG
DVVHUWV�WKH�QHJDWLYH��H[FOXVLYH��SURSRVLWLRQ� EXW�WKDW GDNH SUHVXSSRVHV�WKH�H[FOXVLYH�SURSRVLWLRQ�DQG�DVVHUWV�WKH�SUHMDFHQW�

��



:H�WKHQ�SUHGLFW�WKDW GDNH�VKLND ZLOO�EH�IHOLFLWRXV�LI�ZH�LQWURGXFH�DQRWKHU�VFRSH�
EHDULQJ�RSHUDWRU� H�J� D�SOXUDO�VXEMHFW�RU�D�WHQVH�ZKLFK�UDQJHV�RYHU�WLPHV�

���� 7KH�GHWHFWLYH� ´:KHUH�DUH�WKRVH�PHQ�QRZ"µ
! [彼ら-は
NDUHUD�ZD
WKH\ �723

会社
NDLVKD
FRPSDQ\

だけ
GDNH
'$.(

に
QL
DW

しか
VKLND
6+,.$

い-ない]
L�QDL
EH�1(*

と
WR
&

思います。
RPRLPDVX
WKLQN

¶, WKLQN�WKH\�^DUH�RQO\�FRXOG�RQO\�EH`�DW�WKH�RIÀFH�·
���� 7KH�GHWHFWLYH� ´:KHUH�ZDV�WKLV�PDQ�LQ�WKH�SDVW�GD\"µ

! [彼-は
.DUH�ZD
+H�723

会社
NDLVKD
FRPSDQ\

だけ
GDNH
'$.(

に
QL
DW

しか
VKLND
6+,.$

い-なかっ-た]
L�QDND�WWD
EH�1(*� 3$67

と
WR
&

思います。
RPRLPDVX
WKLQN

¶, WKLQN�KH�ZDV�RQO\�DW�WKH�RIÀFH�·

� &RQFOXVLRQ

7RGD\� , LQYHVWLJDWHG�RQH�ZD\�LQ�ZKLFK IRFXV�LQWHUSUHWDWLRQ�LQWHUDFWV�ZLWK�TXDQ�
WLÀHU�VFRSH� LOOXVWUDWHG�DQG�PRWLYDWHG�WKURXJK�WKH�-DSDQHVH�¶RQO\·�ZRUG GDNH� ,Q
SDUWLFXODU�

� , SUHVHQWHG WKH GDNH EORFNLQJ�HIIHFW DQG�VKRZHG�WKDW�LW�LV�D�FRUROODU\�RI 5RRWK·V
������ )RFXV�,QWHUSUHWDWLRQ�3ULQFLSOH�

� VKRZHG�KRZ WKLV�WKHRUHP�H[SODLQV�SUHYLRXVO\�GHVFULEHG�IDFWV VXFK�DV 7DQ�
FUHGL·V��������3ULQFLSOH�RI�/H[LFDO�$VVRFLDWLRQ�

� VKRZHG�KRZ�WKLV�WKHRUHP�FDQ�KHOS�DFFXUDWHO\�PRGHO�WKH�LQWHUSUHWDWLRQ�DQG
JUDPPDWLFDOLW\�RI VWDFNHG�¶RQO\·��GDNH�VKLND��FRQVWUXFWLRQV LQ�-DSDQHVH�

7KH�WKHRUHP�SUHVHQWHG�KHUH�LV�H[SHFWHG�WR�KROG�DFURVV�ODQJXDJHV�DQG�WKXV�PD\�KHOS
H[SODLQ�YDULRXV�VFRSH�IDFWV�LQ�RWKHU�ODQJXDJHV� ,Q�DGGLWLRQ� WKLV�FRQVWUDLQW�PD\�EH
XVHG�DV D�GLDJQRVWLF�IRU�EHWWHU�VWXG\LQJ�WKH�V\QWDFWLF�ORFDOLW\�RI�IRFXV�
<RVKLPXUD DUJXHV�WKDW�WKLV�H[SODLQV�D�YDULHW\�RI�FRQWUDVWV�EHWZHHQ GDNH DQG VKLND ZKLFK�KDYH�EHHQ�GHVFULEHG�E\ .XQR
������� 0RJL ������� D�R�
8VLQJ <RVKLPXUD·V��������IRUPXODWLRQ�IRU GDNH DQG VKLND� DQ�/) ZLWK VKLND ! GDNH ZLWK�QR�LQWHUYHQLQJ�RSHUDWRU�ZRXOG

DVVHUW�QR�PRUH�WKDQ�LW�SUHVXSSRVHV�DQG�WKXV�EH�LQWHUSUHWHG�DV�D�YDFXRXV�DVVHUWLRQ�

��

)LQDOO\� QRWH�WKDW�WKH�FRQÀJXUDWLRQ�ZKLFK�LV�UXOHG�RXW�E\�RXU�WKHRUHP�LV�YHU\�VLPLODU
WR�WKH�FDQRQLFDO�FRQÀJXUDWLRQ�IRU )RFXV�,QWHUYHQWLRQ�(IIHFWV �%HFN� ����� 3HVHWVN\�
������ )XUWKHU�VWXG\�LV�ZDUUDQWHG�WR�XQGHUVWDQG�WKLV�FRQQHFWLRQ�

5HIHUHQFHV

$RXQ� -RVHSK� DQG�<HQ�KXL $XGUH\�/L������� :K�HOHPHQWV�LQ�VLWX� 6\QWD[�RU�/)" /LQJXLVWLF
,QTXLU\ ���

%HFN� 6LJULG������� ,QWHUYHQWLRQ�HIIHFWV�IROORZ�IURP�IRFXV�LQWHUSUHWDWLRQ� 1DWXUDO�/DQJXDJH
6HPDQWLFV �

)XWDJL� <RNR������� -DSDQHVH�IRFXV�SDUWLFOHV�DW�WKH�V\QWD[�VHPDQWLFV�LQWHUIDFH� 'RFWRUDO�'LV�
VHUWDWLRQ� 5XWJHUV� 7KH�6WDWH�8QLYHUVLW\�RI�1HZ�-HUVH\�

+DUDGD� <DVXQDUL� DQG�1DRKLNR�1RJXFKL������� 2Q�WKH�VHPDQWLFV�DQG�SUDJPDWLFV�RI GDNH �DQG
RQO\�� ,Q 6$/7 ��

+HLP� ,UHQH� DQG�$QJHOLND�.UDW]HU������� 6HPDQWLFV�LQ�JHQHUDWLYH�JUDPPDU� %ODFNZHOO�
+RUQ� /DXUHQFH 5������� $ SUHVXSSRVLWLRQDO�DQDO\VLV�RI RQO\ DQG HYHQ� ,Q 3URFHHGLQJV�RI�&/6 ��
&KLFDJR�/LQJXLVWLFV�6RFLHW\�

-DFNHQGRII� 5D\������� 6HPDQWLF�LQWHUSUHWDWLRQ�LQ�JHQHUDWLYH�JUDPPDU� 0,7 3UHVV�
.XQR� 6XVXPX������� 7KH�V\QWD[�DQG�VHPDQWLFV�RI�WKH GDNH DQG VKLND FRQVWUXFWLRQV� +DUYDUG
:RUNLQJ�3DSHUV�LQ�/LQJXLVWLFV �����²����

.XQR� 6XVXPX� DQG�7DNX]R�0RQDQH������� 3RVLWLRQLQJ�RI�TXDQWLÀHU�OLNH�SDUWLFOHV� -RXUQDO�RI
WKH�$VVRFLDWLRQ�RI�7HDFKHUV�RI�-DSDQHVH ���

0RJL� 7RVKLQREX �茂木 俊伸�������� とりたて詞「しか」における「予想」について >2Q�WKH�´H[SHFWD�
WLRQVµ�LQ�WKH�H[FHSWLYH�´VKLNDµ@� 7HFKQLFDO�UHSRUW� 7VXNXED�8QLYHUVLW\�

3HVHWVN\� 'DYLG������� 3KUDVDO�PRYHPHQW�DQG�LWV�NLQ� 0,7 3UHVV�
5RRWK� 0DWV� ������ $VVRFLDWLRQ�ZLWK � IRFXV� 'RFWRUDO �'LVVHUWDWLRQ� 8QLYHUVLW\ �RI �0DV�
VDFKXVHWWV� $PKHUVW�

5RRWK� 0DWV������� $ WKHRU\�RI�IRFXV�LQWHUSUHWDWLRQ� 1DWXUDO�/DQJXDJH�6HPDQWLFV ����²����
6KRML� $WVXNR������� 'DNH DQG VLND LQ�-DSDQHVH� V\QWD[� VHPDQWLFV�DQG�SUDJPDWLFV� 'RFWRUDO
'LVVHUWDWLRQ� &RUQHOO�8QLYHUVLW\�

7DQFUHGL� &KULV������� 1RW�RQO\ HYHQ� EXW�HYHQ RQO\� 0,7�
<RVKLPXUD� .HLNR������� :KDW�GRHV RQO\ DVVHUW�DQG�HQWDLO" /RG]�3DSHUV�LQ�3UDJPDWLFV ��

��


