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�HT�D[Xed]XYGJZ�R]VUT�T�d]£�¤[�W�WEHT)I�\�d]RWRg�{G�cJ\LVUXYT�R]XeT[db\�VUT�D�GJN=N�GJZSIef
QHd]T���XYZ�QHR]XYIeXYRgf�R]EHT�GJV]f��
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�~T�dUQHd]P�T�D[R�RUE�\LR�V]T�dUTq\�VUDFEHT[VUd�E7\qcJT�I¸\LVU^OT�IYf�XY^JZHGOVUT��*RUEHT
�9QHT�d]RUXYGJZ`G�K
ESG���RUG�XYZHD�GOVUP7GJVF\�RUT¿VUXYdU� r dUT�ZSdUXYRUXYcJT)\LRURUXYR]QH�HT�d
XYZ9RUG`RUEHT[XeV/PHI�\LZHZHXYZH^�N=T�DFE�\�ZSXed]N�d¿i�T�Dq\�QHd]T�RUEST�f»\�d]dUQHN=T
RUE7\�Rbi9f�V]T�PHI�\�D[XeZS^�\�IYI+D�GJd]RUd)\�ZH��VUT��W\�V]�Hd)�WXYRUE�R]EHT�XYVbV]T r
dUP7T�D�R]XYcJT�QSRUXYIYXeR]XYT�d�¡YKBGOV0\LZ¬\LPHPHV]GJPHV]X¸\LRUT�QHR]XYIeXYRgf=KBQHZSD�RUXYGJZ7¤
GJZST{D�\LZ�\�DFEHXYT�cOT{V]Xed]� r d]T�ZHdUXYR]XecOTb\�R]RUXYRUQH�ST�d@�WXeR]EHGJQSR�DFE�\LZH^ r
XYZH^)R]EHTWPHI�\�ZHZSXeZS^�N=T�DFE�\�ZSXed]N�dq� � Z�RUEHTþKBGJIYIYG��WXYZH^�jq��TWQHdUT
\�D[f�D[IeXYD*PHVUGOi�\�iSXeIYXYdUR]XYD��HT�D�XYd]XeGOZ¥^JVF\�PHEHd`R]G;�ST�N�GOZHdUR]V�\�R]T
RUE7\�R
R]EHXYd
XYd
ZSGJR
ZST�D�T�d]d�\�V]XYIef�RUEHT�D�\�d]T�\ KBRUT[V
VUT[c�XYT��WXYZH^¿EHG��
RUG�QHd]T��Sf�Z7\�N�XYD�PHVUGO^JVF\�N�N=XYZH^bR]T�DFEHZHXY�9QHT�dWRUG��HT�R]T�VUN=XYZHT
GJPSRUXYN�\LIHPHI�\�ZHd�K}GJV�VUXYdU� r ZHT�QHR]V�\�I@\�^OT�Z9RUd��
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k VUXYdU� r ZHT�QHR]V�\LI�\L^JT�Z9R/E�\�d/R]G�d]GJIYcJT�PHI�\�ZSZHXYZH^�RF\�dU� h � l ½
^JXYcOT�Z)\WD�GON�PHIYT�R]T�d]P�T[D�X¨«�D�\�R]XYGJZ�G�KHRUEHT�PHI�\�ZHZHXYZH^WPSVUGJiSIeT[N»j
«�ZH��\�PSI¸\LZ~KBGOV��WESXeDFE¦RUEHT`dURF\�V]R�dUR�\LRUT`E�\Ld�RUEHT`I�\�V]^JT�d]R
T��9P7T�D�RUT[�»R]GJR�\LI>VUT��W\�V]�
�
k Z¥GOPHRUXYN`\�Ibd]R�\LRUT r \�D�R]XYGJZ%N`\�PHPSXeZS^*KBGJV�PSI¸\LZHZHXYZH^�R�\LdU�
h � l Dq\�Z*i�T=�HT�RUT[VUN�XYZHT[�»XYZ*P�GOIef9ZHGON�X�\�I+RUXYN�T��WXeR]E»�Sf r
Z�\LN�XYD�PHVUGO^JVF\�N�N=XÉZH^=RUT�DFEHZSXe�9QHT[d��¦��G*dUGOIYcJT�\LZ+�Oø \�øR����ø
PHV]GJi�\LiHXYIeXYd]RUXYD/�HT�D�XYdUXYGOZ»^OV�\�PSE
j7�{T)D[GJQHIY��R]V�\�ZSdgKBGOVUNªXYR�\Ld
KBGOIeIYG��Wdq½��+XYVUd]R�j��{T�PHVUGOP�\�^9\�RUT`R]EHT�\�D�R]XeGOZ�D�GJd]RUd�R]G~RUEHT
cJ\�IYQHT¿ZHG9�HT�dq�@�WEHXYdb\�N�GOQHZ9RUd'R]G��SQHPHIYXYD�\�R]XeZS^)dUE�\LVUT���dUQHi r
RUV]T�T�dqj@dUXYZHD�T�T�cOT�VUf~P7\�RUE�KBV]GJNäR]EHT�dURF\�V]R)dURF\�RUT�R]G�\�^OG�\LI
dURF\�R]T�ZST�T��Hd�R]G»E�\qcOT�XYRUd�G��WZ~cJ\�IYQHT�ZSG��STJ�~�WEHT=VUT�d]QHIYR r
XYZH^��ST�D�XYdUXYGJZ*RUV]T�T�Dq\�Z*RUEHT�Z*i7T�dUGJIYcOT��»XYZ�R]XYN�T)IYXYZHT�\LVbXYZ
XYRUd/dUXY��TO½/RUEHT�T��9P7T�D�R]T���R]GJR�\LI@VUT��W\�V]�~G�K�\=cJ\�IYQHT�ZHG9�HT�XYd
RUEST�d]QHNmGLK
XeR]d{^OG�\LI�V]T���\LVU��\�ZS��RUEST�\�D[D�QHN�QHI�\�R]T���D�GOdURUdqj
RUEST)T��9P�T[D�RUT��~R]GJRF\�I
V]T��W\�VU��G�K{\�DFE�\LZHD�T�ZHG9�HT)XYdWRUEHT�\qc r
T�VF\�^JT�G�cJT[VbRUEST�T��9P7T�D�R]T��~RUGOR�\�I@V]T���\LVU�Hd/GLK¼XYR]dbdUQSD�D�T�d]dUGJV
ZHG9�HT�d��{T�XY^OE�R]T��*�WXeR]E»R]EHT�RUV�\LZHdUXYR]XeGOZ»PSVUGJi7\�iHXYIYXYRUXYT�d�j>\LZH�
RUEST»T��9P7T�D�R]T��¥RUGOR�\�I¿VUT��W\�V]��GLK�\~�HT�D[Xed]XYGJZ�ZHG9�HT�Xed=RUEHT
N�\L�9XeN�QHN�G�K'R]EHT)T��9P7T�D�RUT[�~RUGJRF\�I+VUT��W\�V]�HdbGLK¼XYR]dbdUQSD�D�T�d r
dUGOV/ZHG9�HT�d����WEHT�\LD�RUXYGOZ»R]E�\�R)\�DFEHXYT�cOT�d)R]EHT�N`\��9XYN�QSNmXYd
RUEST�GOPHRUXYN`\�I'�HT[D�XYdUXYGJZ¦KBGOV�R]EHT`�HT�D�XYdUXYGOZ;ZSG��STJ���WEST�T[� r
P7T�D�RUT[��RUGOR�\LI�V]T��W\�VU� X � 8 
 GLKº\�¡©ZHGJZ r ^JG9\�I�¤>d]R�\LRUTW8�XYd@T��9Q�\�I
RUG�RUESTbT��9P7T�D�RUT[��RUGOR�\�I7VUT[��\LVU�`G�K
R]EHT/�HT�D�XYdUXYGOZ�ZHG9�HT¿RUE�\LR
XYR'D�GOZ�RF\�XYZHdqjH\�ZH��R]EHTbGOPHRUXYN�\LIH\�D�R]XeGOZ H � 8 
 KBGJV�RUEHT¿dURF\�RUT¿XYd
RUEST�dF\�N=T�GOZHT/RUE�\LRWXYd{GOPHRUXYN�\LI9KBGOVWXeR]dW�HT�D�XYd]XeGOZ`ZHG9�HTJ�
�WEHT¦RUV�\LZHdgK}GJVUN`\�R]XeGOZ�GOQHRUIYXYZHT��%\Li�G�cOT~D�\�Z�i�T¦�HGJZST�XYZ
IYXYZHT�\�V�RUXYN�T*X¨K�ZHG dUQSiHRUV]T�T�d�\�V]T�d]E�\�V]T��
� û G��{T[cJT�Vqj�X¨K
dUQSiHRUV]T�T�d»\LVUT*dUE�\LVUT��
j¿XYR�XYd�T��9P7T�ZHdUXYcOTJjbd]XYZHD�T*RUEHT*Z9QHN r
i7T�V�GLK0P7\�RUESd�ü \LZH��RUEHT[VUTFKBGOVUT*RUEHT�dUXY��T*G�K�R]EHT*RUV�\LZHd r
KBGOVUN�T[���ST�D�XYdUXYGJZ�RUV]T�T�üÀD�\�Z�i7TWT��9P�GOZHT�Z9RUX�\�I9XYZ)R]EHTWZ9QHN r
i7T�V`G�K)dURF\�RUT[d�GLK)RUEHT�GOVUXY^JXYZ�\LIWRUV]T�TJ� �HGOVURUQSZ�\�R]T�IYf�j�XYR�XYd
��T�IYI��9ZHG��WZ*RUE7\�R/RUEHT�K}GJIYIYG��WXeZS^��Hf9Z�\LN�XYD)PHV]GJ^OV�\�N=N�X¨ZH^
RUT[D�ESZHXY��QST;¡[¢ � \qcJT�VF\�^OXeZS^ r GJQHR r \LZH� r 
 K}GJIÉ�SXeZS^ r i�\qDF��£9¤)d]GJIYcJT[d
\�D[f�D[IeXYD~PHV]GJi�\LiHXYIYXed]RUXYD��HT[D�XYdUXYGJZ¥^OV�\�PSEHd`KBGOV�V]XYdU� r ZST�QHRUVF\�I
\�^OT�Z9RUd'GOZ�R]EHTWGJV]XY^JXYZ�\�I9R]VUT�TWXYZ�IeXYZHTq\�V@RUXYN�TOj�RUE�\LR@Xedqj��WXYRUE r
GJQSRW�HQHPHIYXYD�\�R]XYZH^�d]E�\�V]T��`dUQHiSRUVUT[T�d��
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�WE9QHd�j+GJZST�T�cJ\�IYQ�\LRUT�d)T[cJT�V]f~dUQHiHR]VUT�T=GJZHIYf�GOZHD�T`\�ZH�*RUEHT
VUQSZ r R]XYN�T�G�KbRUEST�\�IY^OGJVUXYR]EHNäXYd)IYXYZHT�\LV)XYZ~RUEHT=dUXY��T`G�KWRUEHT
GJV]XY^JXYZ�\�I¿�HT�D�XYd]XeGOZ�R]VUT�TO�  ¿f9Z�\LN�XYD`PHVUGO^JV�\LN�N=XeZS^»\�IY^JG r
VUXYR]EHN�dqj�dUQHDFE`\�d'R]EHXYd'GJZHTOjJD�\LZ�i�T¿QHdUT[��RUG/d]GJIYcJTWPHI�\LZHZHXYZH^
R�\LdU� h � l j+i�T�Dq\�QHd]T�RUEST�_�\�V]�JG�c`PHVUGOP�T[VURgf*EHGJIY�Hd¿KBGOV0\LIYI
dURF\�R]T�d�½=RUEHT`T��9P7T�D�R]T���RUGOR�\LI{V]T���\LVU� X � 8 
 G�KbT�cOT�VUf¦dURF\�RUT
¡B\LZH�*RUE9QHd/RUEHT�GJPSRUXYN�\LI
\�D�R]XeGOZ�H � 8 
 KBGOVbRUEST�dUR�\LRUT�¤¿XYd/XYZ r
�HT�P7T�ZH�ST�Z9R�GLK�EHG���RUEHT�\L^JT�Z9RWV]T�\�DFEHT���RUEHT/dURF\�R]TJ�
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k VUXYdU� r dUT�ZHd]XYRUXYcJT)\�^OT�Z9R{E7\�dWRUG�dUGOIYcJTbPSI¸\LZHZHXYZH^)RF\�d]� h � o ½
^JXYcOT�Z�\0QHRUXYIYXYRgf/KBQHZHD[RUXYGJZ�\�ZH��\0D�GJN=PHIYT�RUT�dUP7T�D�X¨«�D�\LRUXYGJZ=G�K
RUEST�PHI�\LZHZHXYZH^�PHVUGOiHIYT�N»j±«�ZH�»\�PHI�\�Z=KBGJV¿�WEHXYDFE�RUEHT�dUR�\LVUR
dURF\�R]T)E�\�dWR]EHT/I�\�VU^OT�dURWT[��P7T�D�R]T��*RUGJRF\�I>QHR]XYIeXYRgf9�
h I�\�ZSZHXYZH^WR�\LdU� h � o D�\LZ)i7TWdUGJIYcOT��/KBGOV
PHV]GJi�\LiHXYIeXYd]RUXYD'�HT�D[X r
dUXYGOZ�^JVF\�PHEHd¿�WXYRUEHGOQHR�\LD�RUXYGJZ`D�GOdUR]d)i9f�«�V]dUR/VUT�PSI¸\LD�XYZH^�\LIYI
^JG9\�IWV]T���\LVU�Hd=�WXYRUE�R]EHT�XYV�VUT[dUP7T�D�RUXYcOT»QHR]XYIeXYR]XeT[d�\�ZH�¦RUEHT�Z
QHd]XeZS^�\LZ�f�PSI¸\LZHZHXYZH^)N=T�RUESG���KBGJV�VUXYd]� r ZHT�QSRUV�\LI�\L^JT�Z9RUdq� � Z
VUTq\�IYXYRgf�j�EHG��{T[cJT�Vqj{R]EHT`PHVUGOi�\�iSXeIYXYdUR]XYD��HT�D[Xed]XYGJZ�^JVF\�PHEHd=G�K
PHI�\�ZSZHXYZH^�RF\�dU� h � o �HG�E�\qcJT»\LD�RUXYGOZ�D�GOdUR]d��ªC9XYN�XYI�\�V]Ief
RUG¦EHG��¶�{T�PSVUG9D�T�T��ST��¥T�\�V]IYXeT[V�KBGOV�VUXYd]� r ZHT�QSRUV�\LI)\�^JT[Z�R]d�j
��T)D�GJQSIe�¹«�VUd]R�PSVUGJP7\�^�\LRUT)R]EHT�\LD�RUXYGJZ�D�GJd]RUd/RUG=RUEHT�cJ\�IYQHT
ZHG9�HT�d*¡��WEHXYDFE�XYZ9cJGOIecOT�d��HQHPHIYXYD�\�R]XYZH^»d]E�\�V]T���d]QHiHRUV]T�T�d�X¨K
RUEST�f/T��9Xed]R�¤[� �¿T��9R�jJ\LIeIOVUT��W\�V]�Hd�\LR
R]EHT{cJ\LIYQHT@ZHG9�HT�d�\LVUT'V]T r
PHI�\�D[T����WXYRUE`RUEST�XYVbVUT[dUP7T�D�RUXYcOT�QHRUXYIYXYRUXYT�d����+XYZ�\�IYIYf9j�KBGOIY�HXYZH^ r
i�\LD��*XYd/QHdUT��¦RUG`�HT�R]T�VUN=XYZHT�\�Z~GOPHRUXYN�\LI
PHI�\LZ
� �WT[N�T�N r
i7T�V)RUE7\�R)R]EHXYd�N=T�RUESG��*E�\Ld�\�Z*T��9P�GOZHT�Z9RUX�\LI'VUQHZ r R]XeN=T)XYZ
RUEST���GJV]dUR�D�\�d]T�¡B\�ZS��XYd{ZSGJR��HXYVUT�D�R]IYf�\�PSPHIYXeDq\�iHIYTWRUG�D�f9D�IYXYD
PHV]GJi�\LiHXYIeXYd]RUXYD��HT[D�XYdUXYGJZ�^OV�\LPHEHd�¤[� k d�\�Z�T��H\LN�PHIYTJj�D�GJZ r
dUXY�HT[V)RUEHT=P�\�V]RUIYf�d]P�T�D[XÉ«7T���PHI�\�ZHZHXYZH^=PHVUGOiHIYT�N�dUEHG��WZ*XYZ
�+XY^JQHV]T o ���WEHXYd�PHI�\�ZSZHXYZH^»PSVUGJiSIeT[NóD�GOZ9R�\�XYZHd`\*dUE�\LVUT��
dUQSiHRUV]T�T~RUE�\LR`VUT�PHV]T�dUT[Z�R]d~RUEHT*DFEHGJXYD�T*i7T�Rg�{T[T�Z%\¦�HT�RUT[V r
N�XYZHXYd]RUXYDWIYGJRUR]T�VUf�� k ¡©VUT��W\�V]� r U � ��s K}GJVWdUQSVUT�¤¿\�ZH��\�ZHGJZ r
�HT�R]T�VUN=XYZHXYdURUXYD)IYGORURUT[VUf �m¡©VUT��W\�V]�Hd r U � l U \LZH� r�l � U$U �WXeR]E
T��9Q�\LI>PHVUGOi�\�iHXYIYXYRgfH¤��>�WEHT)\LPHPHIYXYD�\�R]XeGOZ�GLK
KBGOIY�HXYZH^ r i�\�DF�)GOZ
RUESXed`PHI�\LZHZHXYZH^~PHV]GJiHIYT�N KBGOV�\¦VUXYd]� r dUT[T��9XeZS^y\L^JT�Z9R=�WXeR]E
QHR]XeIYXYRgf�K}QHZHD�R]XeGOZ��+¡���¤ /��	� �W��¡YKBGOV ��
 U ¤¿XYdbd]EHG��WZ�XYZ
�+XY^JQHV]T p ��¡ k D�RUXYGOZHd/RUE�\LR0\LVUT�d]QHi r GJPHR]XeN`\�I
\LVUT~¢UD[VUGJd]dUT��
GJQSRU£��WXYRUE=Rg�{G�EHGOVUXY��GOZ�RF\�I>IYXYZHT�dq� ¤
� R
XYd>ZHGOR
GOPHRUXYN�\LI�R]GWdUXYN�PSIefWV]T�PHI�\�D[T{\�IYIJD[GJdUR]d'\�ZH�/VUT[��\LVU�Hd
�WXYRUE/RUEST�XYV�V]T�dUP7T�D�R]XYcJT�QHRUXYIYXYRUXYT�d
\�ZS�)RUEHT[Z)QHdUT�KBGOIe�SXeZS^ r i�\�DF�
GJZ�RUEHT)V]T�dUQSIeR]XYZH^�R]VUT�TJjºi�T�Dq\�QHd]T�XeZ�^JT�ZHT[V�\�IY�+¡�� · ? � C ¤
�/�+¡�� · ¤ ? �
¡ � C ¤¿KBGJV/Rg��G`VUT��W\�V]�HdT� · \�ZH�!� C ¡©RUE�\LR)XYd�j+RUEHTcJ\�IYQHT�K}QHZHD�R]XeGOZ�XYd{ZHG�IeGOZH^JT[V{R]XeN=T r \��H�HXYR]XecOT�¤�� � Z�Kw\�D�RqjJ�Sf r
Z�\LN�XYD�PHVUGO^JVF\�N�N=XYZH^�N=T�RUEHG9�Hd�D�\LZ;ZSG»IYGJZS^JT�V�i7T`QHdUT��� [ �`[6\ � �`\��WXYRUEHGOQHR/D�GJZHd]XY�HT�VUXYZH^�RUEHT=RUGJRF\�I{\LD�RUXYGOZ»D�GOdUR
RUE7\�R@RUEHTb\L^JT�Z9R'E7\�d'\�IYVUTq\��Hf�\LD�D�QHN�QSI¸\LRUT����WEHT�Z��HT�D[Xe�SXeZS^
GJZ=RUEHT)\LD�RUXYGJZSd�jOi�T�Dq\�QHd]T)RUEHT)_�\LVU�OG�c�PHV]GJP7T�VURgf=�HG9T�dWZHGOR
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0.50 / -0.10
0.50 / -1.00

0.50 / ...
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0.50 / ...

1.00 / -0.48 0.50 / -0.10 0.50 / -1.00

0.00 0.00 0.00

start

“...” means: irrelevant for the example

shared subtree

lottery A lottery B

�+XY^JQHV]T o ½ k%h I�\�ZHZSXeZS^ h VUGOiHIYT�N¶�WXeR]E�\�C9E7\�VUT[�»C9QHiHR]VUT�T

ZHT�D[T�dUdF\�VUXYIYf�EHGOIe��KBGOV�V]XYdU� r d]T�ZHd]XeR]XYcJTb\�^OT�Z9RUdW���¿\�X¨§º\Sj l�t��Os;
 �
M�GJZSdUXY�HT�V�\�^9\�XYZ»R]EHT`PHI�\�ZHZSXeZS^�PSVUGJiSIeT[NäK}VUGJNV�+XY^JQHV]T o �
k d��ST�N�GOZHdUR]V�\�R]T���XYZ �
XY^OQHVUT p KBGOVT�+¡��[¤�/���� �W�Oj@RUEHT
\�^OT�Z9R@dUEHGOQHIY�)DFEHG9GJdUT�IYGJR]RUT�V]f��~X¨K�XYR
E�\Ld¼\LIYVUT�\L�Hf)\�D�D�QSN�Q r
I�\�R]T��»\�D[RUXYGJZ`D�GOdURUd¿G�K r U � l U �WEHT[Z��HT�D�XY�HXYZH^�i7T�Rg��T�T�Z*RUEHT
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start

1.00γ 0.48−( ) 0.00⁄ 0.50γ 0.10−( ) 0.00⁄

γ0.00 1.00=γ0.00 1.00=γ0.00 1.00=

0.00

1 0.50γ 0.10−− 0.50γ 1.00−−( ) 0.00⁄

0.50γ 1.00−( ) 0.00⁄

1 1.00γ 0.48−−( ) 0.00⁄

γ 1 ∞,( )∈ : risk parameter

0.50γ 1.00−( ) 0.00⁄
0.50γ 0.10−( ) 0.00⁄0.50γ…( ) 0.00⁄ 0.50γ…( ) 0.00⁄

1 0.50γ…− 0.50γ 0.10−−( ) 0.00⁄

1 0.50γ 1.00−− 0.50γ…−( ) 0.00⁄

state s
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risk-neutral

risk-seeking

risk-averse

certainty equivalent

an admissible plan an inadmissible plan

u 1− u s0[ ]( ) ∞−≥

u 1− u s0[ ]( ) ∞−>

u 1− u s0[ ]( ) ∞−=

u 1− u s0[ ]( ) ∞−≥

u 1− u s0[ ]( ) ∞−> u 1− u s0[ ]( ) ∞−=

(utility function has delta property)

agent is ...
u 1− u s0[ ]( )  of ...
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j lqtJt U 
 «�VUd]R��HT r
cJT[IeGOP�T[�¬\LZ¬\LZ�f9R]XeN=T)PHI�\�ZSZHT�V����WEHT�P7GJIYXYD�f r XeR]T�V�\LRUXYGJZ*\�I r
^JGOVUXYRUESNmXYd�\LZ�\�Z9f9RUXYN=Tb\�IY^JGOVUXYRUEHN�XYZ�R]EHT/dUT�ZSdUT)R]E�\�R�RUEHT
T��9P7T�D�RUT[�¥RUGJRF\�I¿QHRUXYIYXYRgf~G�K�ZHG~d]R�\LRUT*D�\�Z��ST�D�VUTq\�dUT*K}VUGJN
GJZST)XYRUT�VF\�RUXYGOZ�R]G�R]EHT)ZHT��9Rqj�iSQHRbR]EHT)T��9P7T�D�RUT[�~RUGJRF\�I+QHRUXYI r
XYRgf�GLK�\�R=IeTq\�dUR=GJZHT�dUR�\LRUT*dUR]VUXYD�RUIYf�XYZHD�V]T�\�d]T�d�j/QHZ9R]XeI¿RUEHT
GJPSRUXYN�\LI'dURF\�RUT r \LD�RUXYGJZ�N`\�PHPHXYZH^`XYd�KBGJQHZS��XYZ¦«�ZHXYRUT=RUXYN�T
� û G��W\�V]�
j l�t ��� 
 �
�WE9QHdqjJR]EHTbT��9P7T�D�R]T���R]GJR�\LIHQHR]XeIYXYRgf/G�K>RUEHT
D�QHV]VUT�Z9R]Ief*i7T�dUR/PHI�\�Z�D�\�ZHZSGJR/�HT�D�V]T�\�d]T�KBV]GJNªXYRUT[V�\�R]XYGJZ�R]G

start

There are seven goal states, all of which are equally preferable.

In every blocks-world state, one can move a block that has a clear top
onto either the table or a different block that has a clear top, or paint a
block white or black.

Moving a block takes only one minute to execute, but is very unreliable.
With probability 0.10, the moved block ends up at its intended destina-
tion. With probability 0.90, however, the gripper loses the block and it
ends up directly on the table. (Thus, moving a block to the table always
succeeds.)

Painting a block takes three minutes and is always successful.

goal

�+Xe^OQHVUT � ½ k �{IYG9DF��d r �~GOVUIY� h VUGJiSIeT[N
XYRUT�VF\�R]XeGOZ
� k dUGJIYcOT��`dUR�\LRUT)V]T�N�\LXYZHd{d]GJIYcJT[��XYZ`RUEHT¿KBGOIeIYG�� r
XYZH^/XYRUT�VF\�RUXYGOZHd{\�ZS��\�Z�\��SN�XYdUd]XeiSIeT�PHI�\�Z�dUR�\qf9d{\L�HN�XYd]dUXYiHIYTJ�
k Z9f9RUXYN=T�PSI¸\LZHZHXYZH^�N=T�RUEHG9�Hd¿D�\�Z�i�T�QHdUT[�»R]G��HT�R]T�VUN=XYZHT
ü \LD�D�GOVU�HXYZH^`RUG��ST�D�XYdUXYGJZ r R]EHT�GJV]T�RUXYD�D�V]XYRUT�V]X¸\�ü �WEHT�Z�R]G
dUR]GJP�PHI�\�ZSZHXYZH^»\�ZS��dURF\�V]R�T��9T�D�QHR]XeZS^�RUEST�PSI¸\LZ
j@i7T�D�\�QSdUT
RUEST�P7GJd]dUXYiHIYT�K}QHRUQHV]T�XYZHD�V]T�\�d]T�XYZ~PHI�\�Z¦��Q7\�IYXYRgf��HG9T�d�ZHGOR
�FQHd]RUX¨KBf�R]EHT)TF§>GJV]RWG�K'PHI�\�ZHZSXeZS^�\�Z9f�K}QHVUR]EHT�V��
û G���T�cOT�V�jO�Hf9Z�\�N=XYD�PSVUGJ^OV�\LN�N�XYZH^W\�IY^OGJVUXYR]EHN�d
\LVUT�iHVUQHR]T r
KBGOVUD�T`dUTq\�VUDFE�\�IY^OGJVUXYR]EHN�d)\�ZS��RUE9QHd�\LVUT`G�K}RUT�Z¦XeN=PHV�\LD�RUX r
D�\LIwj7d]XeZSD�T)RUEST�f��HG=ZHGJR¿QHRUXYIYXY��T)\qcJ\�XYI�\�iHIYTb�SGJN�\LXYZ��9ZHG��WI r
T��H^OT�dUQHDFE~\�d)ESG��¥�HX¨§5T�V]T�Z9R�\�D[RUXYGJZHd/XYZ9RUT�VF\�D�R��WXeR]E�T�\LD�E
GJR]EHT�Vq� kb� PHI�\�ZHZSXeZS^�N=T�RUESG��Sd�j>GOZ~RUEHT=GJRUEST�V)E�\LZH�
j'\�V]T
�9ZHG��WIYT��H^OT r i7\�dUT[�
� k IYRUEHGOQH^JE k¿� PHI�\�ZHZHXYZH^ N�T[RUEHG9�Hdqj
dUQSD�E�\Ld@RUEHTWGOZHT�d'GLK � C9N�XYRUE+j l�tOsJs 
 GOV �  ¿T�\LZ�ôqù ���	��j l�tJtOp 
 j
\�V]T»QSdUQ�\LIeIYf�ZHGOR¹\LiHIYT»R]G�^OQ�\�VF\�Z9RUT�T~R]EHT*GJPHR]XeN`\�IYXYRgf~G�K
RUEST�XYV{PHI�\LZHd�jORUEHT[f�D�\�Z=i�T¿QHdUT��=KBGOV'VUXYd]� r dUT[T��9XeZS^�PHI�\LZHZHXYZH^
XYZHdUR]T�\��=G�K'_�\�V]�JG�c��HT�D�XYdUXYGOZ�\�IY^OGJVUXYR]EHN�dq���WESTbI�\�V]^JT�V�RUEHT
T��9P7T�D�RUT[��RUGOR�\�I7VUT[��\LVU��GLK
RUEHT/PHI�\LZ�RUE�\LR{R]EHT�f��HT�R]T�VUN=XYZHT
KBGOV'PHI�\�ZHZSXeZS^�RF\�d]� h � p jORUEHT¿I�\�VU^OT�V'XYd'R]EHTbT��9P7T�D�R]T���RUGOR�\LI
QHR]XeIYXYRgf/G�K�R]EHTWd�\LN�T'PSI¸\LZ/KBGOV�R]EHT�D�GJV]VUT�d]P�GOZH�HXYZH^)PHI�\LZHZHXYZH^
R�\LdU� h � o �

� z���z � � �:�H| 	)�B6���-�3 (q< ���)����(�?���� �}< �*$
� %��¥< "+�gv
�~T�QHdUT¿RUEHTWiHIYG9DF�9d r �{GOVUIY��PSVUGJiSIeT[N R]E�\�R@XYd'd]R�\�R]T���XYZ#�+Xe^ r
QHV]T � R]G�XeIYIYQHd]RUV�\LRUT�R]EHXYd`PHI�\�ZHZHXYZH^¦N�T�R]EHG9�
� �+XY^JQSVUT �
dUESG��WdWKBGOQHVWG�K'RUEST�d]R�\�R]T r \�D�R]XeGOZ�N�\LPHPHXYZH^Od{R]E�\�RWd]GJIYcJT)XYRqj
\�ZS�=�+XY^JQSVUT s XYIYIYQHdUR]V�\�R]T�dbESG���R]EHT)D�T�V]R�\LXeZ9Rgf`T��9QHXYcJ\�IYT�Z9R]d
���
·�¡ � � 8;: 
 ¤)/�IYGO^�� � � 8 : 
 GLK
RUEHT¿KBGOQHV�PHI�\�ZHd�cJ\�V]f��WXeR]E�RUEHT
Z�\LRUQHVF\�I>IYGJ^9\�VUXYR]EHNmG�K@RUEHT/V]Xed]��P�\LV�\LN�T�R]T�V�	
�
h I�\�Z k j9�WEHXYDFE�XeZ9cOGJIYcJT�d�ZHG�V]XYdU��\�ZS��D�\�Z=i�T/T��9T�D�QSRUT��`XYZ
dUXY��N=XYZ�QSRUT�d�¡�R]E�\�R/XYd�j+E�\Ld)RUGOR�\�I@V]T���\LVU� r � � U`U ¤�j>E7\�d/RUEHT
I�\�V]^JT�d]R{T��9P7T�D�R]T��`RUGJRF\�I7VUT��W\�V]��GLK�\�IYI�PSI¸\LZHdb¡©ZHGJR	�FQHd]R'RUEHT
KBGOQHV�PSI¸\LZHd)d]EHG��WZ�¤�\�ZH�¦�WXeIYI�RUEHT[VUTFKBGOVUT`i7T�DFEHGOdUT�Z�i9f~\
VUXYd]� r ZHT�QSRUV�\LI�\L^JT�Z9R�� û G��{T[cJT�VqjHPHI�\�Z k XYd{ZHGORWZHT�D�T[dUd�\LVUXYIYf
GJPSRUXYN�\LI�KBGOV{\¿VUXYdU� r dUT�T��9XYZH^�\�^OT�Z9R��+��EHT�Z�T��9T�D[QHRUXYZH^�PHI�\�Z
 �j+KBGJV�T[�±\LN�PHIYTJj@R]EHT»\L^JT�Z9R�D�\LZ;V]T�\�DFE�\*^OG�\LIWdUR�\LRUT`XYZ
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plan A
(average reward: - 6.00)

plan C
(average reward: -19.30)

plan B
(average reward: -13.00)

plan D
(average reward: -21.00)
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�+XY^JQHV]T � ½'C9GJN=T h I�\�ZHd�K}GJVWRUEST ��IYG9D��9d r �~GOVUIY� h V]GJiHIYT�N
GJZSIef�R]EHVUT[T)N�XYZ9QHRUT[d{X¨K�XYRWXYd�IeQSD��9f9�
�WEHT=GJPHR]XeN`\�I@PHI�\�Z­KBGJV�\�V]Xed]� r d]T�T��9XYZH^¬\L^JT�Z9R�XYd)RUEHT`GOZHT
�WXYRUE�R]EHTbI�\�V]^JT�d]R{T[��P7T�D�R]T���R]GJR�\LI�QSRUXYIYXeRgf�GJV�jOT��9QHXYcJ\�IYT�Z9R]Ief9j
D�T�V]R�\LXeZ9Rgf�T��9QHXYcJ\�IYT�Z9Rq� C±XeZSD�T h I¸\LZ k XYd��HT[RUT�V]N�XYZHXYdUR]XeDOj
XYRUd~D�T[VUR�\LXYZ�Rgf¥T[��QSXecJ\LIYT�Z9R»T��9Q�\LIYd~RUEHT¥¡�T[��P7T�D�R]T���¤¦RUGOR�\LI
VUT[��\LVU�¥G�K�XYRUd�d]R�\LVUR�d]R�\�R]TJj/ZHG�N`\�R]RUT�V`�WE�\LR�R]EHT~VUXYd]� r
\�R]RUXYRUQS�HT�G�K)R]EHT»\�^OT�Z9R�XYd�� �WEHT�GJRUEST�V�R]EHVUT�T*PHI�\�ZSd�\�V]T
ZHGOZ r �ST�RUT�V]N�XYZHXYdUR]XYDJ�¥�WE9QHd�jþRUEHT�XYV`D�T�V]R�\LXeZ9Rgf�T��9QHXYcJ\�IYT�Z9R]d
XYZHD�V]T�\�d]TJj�R]EHT�N�GOVUT�V]XYdU� r d]T�T��9XYZH^ RUEHT�\L^JT�Z9R*i�T[D�GJN=T�d�j
\�ZS���HX¨§5T[VUT�Z9R�PHI�\LZHd`D�\�Z�i7T~GJPSRUXYN�\LI�KBGJV=�HX¨§5T�V]T�Z9R��HT r
^JV]T�T�d�GLK�VUXYd]� r dUT[T��9XeZS^�\�R]RUXYRUQH�STJ� �+XY^JQHV]T s d]EHG��Wd`RUE�\LR
PHI�\�Z k XYd�GJPHR]XeN`\�I�XYZ�RUEST�XYZ�R]T�VUcJ\LIWIYZ 	 <æ¡ U���U`U N U�� tOp 
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�SGJVbIYZ�	 < � U�� t�� N � � nOs 
 j9PSI¸\LZ»M¥XYd/GJPSRUXYN�\LIwjH\LZH�*PHI�\�Z� 
dUESGJQHIY��i7T�DFEHGOdUT�Z¦KBGOV)IYZ�	 < � � � nJt N � ¤[�»¡©�WEHT�dUT`d]R�\�R]T rN�T[Z�R]d'EHGOIe��K}GJV{\LIeISPHI�\�ZHdqjJZHGOR �FQHd]R{R]EHTWK}GJQHV'PSI¸\LZHd'd]EHG��WZ
XYZ�R]EHT/«�^OQHVUTJ�Ð¤
� Z GJVU�ST�V»R]G�i�T�\LiHIYT»R]Gy\LPHPHIYf�PHV]GJi�\LiHXYIYXed]RUXYD�PHI�\LZHZHXYZH^
N�T[RUEHG9�Hd�GJR]EHT�V�RUE7\�Z�_�\�V]�JG�c~�HT[D�XYdUXYGJZ�\�IY^OGJVUXYR]EHN�dqj
��T
T��9PHIYXYD�XYRUIYf RUV�\LZHdgK}GJVUN RUEHT¦PHI�\�ZHZHXYZH^�PHVUGOiHIYT�N XYZ9RUG�GOZHT
KBGOV0\=V]Xed]� r ZHT[QHRUVF\�IW\�^JT[Z�Rq���WEHT�GJV]Xe^OXYZ�\�I@PHI�\�ZSZHXYZH^�PHV]GJi r
IYT�N�D�\�Z KBGJV�T��H\�N�PSIeT*i7T�T��9PHV]T�dUd]T��m�WXYRUE%\LQH^JN=T�Z9RUT��
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Certainty Equivalents of some Plans for Different Degrees of Risk-Seeking Attitude gamma

plan A
plan B
plan C
plan D
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C9�W� �Uh C r VUQHIYT�d � �/G9T�ZHXY^�j lqtJtSl 
 j@RUESVUT�T=KBGOV�R]EHT�N=G�cJT�\�D r
RUXYGOZHdW¡�¢UN=G�cJT@iHIYG9DF� � KBVUGON¥RUEHT�RUGOP�GLK�iHIYG9D��0ÿyGOZ�R]GJP�G�K
iHIYG9DF���@j £*¢UdURF\�DF��iHIYG�DF� � GOZ�R]GJP�G�K
iSIeG9DF��ÿ�j £�¢]QHZHd]R�\�DF�
iHIYG9DF� � KBVUGONªiHIYG�DF�`ÿ/£�¤/\�ZS��GJZHT�K}GJVbR]EHT�P�\LXeZ9R/\�D�R]XeGOZ
¡�¢]P�\�XYZ9R�iHIYG�DF� � �WXYRUE`D�GOIYGJVWM�£�¤��9�WEST/«�VUd]RWN�G�cOTb\�D�R]XeGOZ
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 ¿T�R�\LXYIedW\�V]T)^JXYcOT�Z�XYZ�� �/G9T�ZHXY^�\�ZS�¹C±XeN=N�GJZHdqj l�tOt���
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N�XYd]dUXYiHIYT�PHI�\LZHd�¡}\�ZH��RUE9QHd�RUEST�XYV�D�T�V]R�\LXeZ9Rgf¦T��9QHXYcJ\�IYT�Z9RUdF¤
D�\LZ�i7T~N�XYZ9QHd�XYZ9«�ZHXYRgf9� � N`\�^OXeZST�K}GJV`T��H\�N=PHIYT¹\LZ�T[� r
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D�\LdUTJj>QSRUXYIYXeRgf�R]EHT�GOVUf�N=Xe^OE9R'ZHG�IYGOZH^JT�V¿i�T�\�iHIYT)R]G��HXYdURUXYZ r
^JQSXed]E�\��SN�XYdUd]XeiSIeT@PHI�\LZHd+KBVUGON�XYZ�\L�HN�XYdUd]XYiHIYT�GOZHT�dq�
�'\�iSIeT l
dUESG��WdbRUE7\�RWRUESXedWPSVUGJiSIeT[NæD�\LZ�ZHGORb\�VUXYd]T/KBGJVWV]XYdU� r ZST�QHRUVF\�I
GJVWV]XYdU� r d]T�T��9XYZH^�\�^OT�Z9RUdq�
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Certainty Equivalents of some Plans for Different Degrees of Risk-Averse Attitude gamma
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�
k IYR]EHGJQH^OE�R]EHTbD�T[VUR�\LXYZ�Rgf=T��9QHXYcJ\�IYT�Z9R'GLK
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PHI�\�ZSd�/j�M/jH\�ZS�= ¥\LVUT/«7ZHXYRUT/GJZHIYf�KBGOV	� U�� lOl 
;IYZ 	 SAU ¡©RUE�\LR
XYd�j U�� t S 	 S l ¤[���WEST�f»\�V]T�N=XYZ�QSdbXYZ9«�ZHXYRgf=KBGOV�d]N�\LIeIYT�V
cJ\�IYQHT[dWG�K�IYZ 	
�

� � ² ° � , ´b�9µU² °

�WEHXYdbP7\�P7T�V/KBG9D�QHd]T�d/GJZ*PHVUGOi�\�iSXeIYXYdUR]XYD�PSI¸\LZHZHXYZH^�KBGJV ���=

	��
�ô [@
 �©ù�� �qô'\�^OT�Z9RUdqjJd]XeZSD�TWRUEHT[VUTb\�V]TWN�\LZ�f¿dUXYRUQ7\�RUXYGOZHd@�WEHT�VUT
XYR'XYd{ZSGJR�GJPHR]XeN`\�I9RUG��HT�R]T�VUN=XYZHTbPHI�\LZHd'RUE7\�R�N�XYZHXYN�X¨��T{T[� r
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