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® jih {yn�a'q e=�xr¯b°n�a�gx`4a b'`dcfesgih jfk+±'²�n�z+³�`4oirWjizizª�´-µy¶y¶·
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ÇÉÈ ��\�����Ê+Ë�����\��

deterministic chance

perfect information

imperfect information

chess, checkers,
go, othello

backgammon
monopoly

bridge, poker, scrabble
nuclear war
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Í Y[ZsY¡����Î

^�`4a b'`dcfe�gih jfkÂb'n�a��i`fe[`4a�rsq zxq m¡e¡q cxª�gx`4a b'`dcde�Ï¡q z-b'n�a'r�j|e;q n�zp{ijirW`fm
Ð �i`dj
cy�-n�nxm;`pr�n4¹x`se¦n+gynxm=q e;q n�zpÑ�q e=���xq {�4`fm¡e�ÒÂÓ°Ô�Ó0Ò�Õ-Ö¤×yÕyØ Ù$Ú

Û �x`fm¡e«j4c4�xq `=¹yji�ih `Ág4jfk|n4ÜÝj|{ijxq z|m¡e��x`fm¡eWgih jfk
Þ!ß { ß ª�¿4Ï;gih k£{ijirW`i

MAX
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á âdãfä¦å�æ ç=ã�è�é ê=é ëiì=ídî0ï$ð¡ñ¡é ò0é ódê-ô õ2ö'÷�ø ùyú'û¦å�âdú�ãfü�ö�ý�þ ÿ;ø � ö�� þ��
á ç¡ú�û��¡ä��«þ ÿ�æ ã��
	¡ð��;ì�=ó��fò�� õ2ö�÷�ø ���dç

� ì����fð�� þ ÿ����Âè
é êfé ëiì=í-î � ì����fð¡ô ��	�	�� �yô þ ÿ�� õ2ö�÷�ø ù � õ2ö�÷!ø ù
û¡ã��
ú'û2å�âfú�ã � !�"�þ ÿ$#&% � !'� !�"(!�% )�!�"+* � � ì����fð�� þ ÿ��

á âdãfä¦å�æ ç=ã�è�é ê=é ëiì=ídî � ì����fð¡ô ,-� ö�� ø .0õ2ö�÷�ø ùxú'û2å�âfú�ãfü�ö�/�� 0 1 0 � 2'3�ö�1 /;ø
æ á54�ð��=ëié ê=ì6��î 4ð¡ò-�� õ2ö�÷!ø � ô ,+� ö�� ø ù|å��dû[ã
ú'û¦å�âfú�ã�78;é �¦é ��5� õ2ö�÷!ø � ô ,-� ö�� ø ù

û�9 ü°û!æ áWëiì=í:% *5� ;
<';+=�">% ?@,-� ö�� ø4å��fû[ã
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;�ACB��fñ=ñ;ð¡ò°ò°ó��=ò2ô ,-� ö�� ø ù

û�9 ü°û
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Ä�nr�gih `fe[` ���
� g|e;q rWjih ���
¥ q rW`�cfn�r�gih `f¬iq e'k ���
½#g4j4cd`�cfn�r�gih `=¬iq e°k ���
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Ä�nr�gih `fe[` ������`fm-ª!q b�e=a0`d`£q m�©�zyq e[`�±�cy�|`dm[m��|j|m�mdgy`dc4q ©$c�a�oih `fm�b°n�a�e;�xq m=·
� g|e;q rWjih ������`fm|ª$j|{ijxq z-m¡e«j�zÂn�g|e;q rWjihn�gigyn�z|`yz-e ß � e=�|`ya Ñ�q m¡`����
¥ q rW`�cfn�r�gih `f¬iq e'k ���	��
�����
½#g4j4cd`�cfn�r�gih `=¬iq e°k ���	��
������±��i`4g|e=�-Ï�©!a m¡e�`=¬�gih n�a0j|e¡q n�zx·
� n�a�c4�4`fm¡m-ª���������ª����! #"$"£b°n�a � a0`dj|m¡nz4ji�ih `d�Á{ijirW`dm

� `=¬yj4cfe�m¡nh o|e;q n�zpcdn�r�gxh `fe[`4h k+q z-b'`dj|mfq ��h `
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% \����«T��$��\ X¡Y¡� Y¦V$�

½#oigig4nxm;`sÑ�`Â�4j-¹y`�´-¾x¾Âm;`dcfn�z4�xm|ª#`=¬�gih n�a0`� &"('Wz-n�i`fm*)|m¡`dcdn�z|�
�+ &"�, z|n�x`dmsgx`4a�r�ny¹y`

½�e[jiz4�xjxa �+jigigya nij4c4�

®.- Ù0/2143!/¦Ú*5#/
` ß { ß ª��i`4g|e=�Áh q rsq es±[gx`4a��4jig|m�j4�i�76dÙÓ'Ú*5 - ÚdÔ - Ú85-Ú=Õ(9 -#: ·

® Úd×yÕxØ Ù$Õ$/'Ó1yÔ<;;ÙÔ - /'Ó1yÔ
Û `fm[e;q rWj|e[`d�+�i`fmfq a0ji�xq h q e'kpnyb�gynxm=q e;q n�z
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= ����X[TW�
V#Y2�«Z ÊdT�Z��!V#Y[��Z��

Black to move 

White slightly better

White to move 

Black winning

� n�a�c4�4`fm¡m-ª$e°kgyq cdjih h k�Ø Ó°Ô#Ú=Õ(9�Ñ�`4q {��|e[`d��mdoir¯nyb�b'`dj|e=oxa0`dm
>�? �A@ 
CB��ED�FHG2I$G*
B��KJLFNMOI�M#
CB��KJ�P&P#P�JLF�QRIRQ�
B��

` ß { ß ªSF8GTD�U£Ñ�q e=�
I(G�
CB�� Û ±¡zioxrÂ�y`4a
nyb�ÑW�yq e[`.V�o|`-`4z|m=·�v¤±¡zioir��y`4a
nyb��ih j4c4¨<V�o4`d`4z|mf·
`fe[c ß
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X Y[Ë«��\�����Y[��ZZY = Î����!V ����X¡TW\���[W�«Z]\°V ���
VV\��

MIN

MAX

21

1

42

2

20

1

1 40020

20

^ `y�|j-¹�q n�oia�q msgya0`fm;`4a ¹y`d�Éoiz4�i`4a�jiz-k+Ò�1yÔ_1$/21yÔ�Ó - e=a0jiz|m2b'n�a'r�j|e¡q n�zpnyb >�? �A@
� zih kpe=�4`�n�a0�i`4a�rWj|e¦e[`4a m|

g4jfk-nyÜ q z£�x`de2`ya�rsq zxq m¡e;q cÂ{ijirW`fm�j4cfe2m�j|m�jiz`1(9�ayÓ0Ô#ÕxØ�Ù0/'Ó°Ø Ób/cWb2oiz4cfe;q n�z
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d T�VV$Y¡ZWË ��e �\����$�!�

f %0(�%bg«�Kh��8i���&AjSj q mWq �i`4z|e¡q cdjih�e2n f %0(�%bg«�KhAk��A@�i�� `=¬ycd`yg-e
´ ßElÂ���Kg�%0(��A@Sm q msa0`4gih j4c-`d���fk �8i���&Aj�jnm
¿ ßEoÂ��%p@i% �_q q m�a0`4gih j4cd`d���fk >r? �A@

s n`fm�q e�Ñ
n�a�¨Âq zÁgya0j4cde¡q cd`R�
� � Dt &" ,*u �rD���� � ��Dwv

¶4Ï;gih k¢h n�n�¨fji�4`dj4�Éq m�jÁ�|n�gx`4h `dm[m�c4�4`fm¡msgih jfk4`4ayx
¶4Ï;gih k��à�xoirWjiz+z|ny¹iq cd`
z Ï;gih k�� e'k�gyq cdjih�^�Ä�ª!�ioxrWjiz+rWj|m¡e2`ya
´d¿4Ï;gih k�� s `d`4g ^ h o|`iªA{�j|mdg4jya ny¹
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t��«w ���#T�ZsY¡ZWË \�Î������sX2\

MAX

3 12 8

MIN 3

3
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� �$����\���V$Y[\�����Ê t���w

^�a'oizxq z-{ a�1|Ú*5�Ô�1$/�j-Ü�`dcfe�©!z4jih!a `dmfoih e
}�n�n�¤rWn4¹y`�n�a �i`4a'q z|{¤q r�gya ny¹y`fm�`fÜ�`dcfe;q ¹y`4z4`fm¡m�nyb�gya�oizyq z|{
� q e=� � gx`4a b'`-cfe«n�a0�i`4a'q z-{#ª ��e;q rW`�cfn�r�gih `=¬iq e'k Û ��
� ��� M �

� a�14Ù��dØ Ú#5��i`4g|e=�£nyb�m;`djya0c4�
� cdjizp`dj|m=q h k¢a0`-j4c4�£�i`4g|e=� z jiz4�Égih jfk£{xn�n�Ác4�4`fm¡m

� mfq r�gih `p`=¬yjir�gih `Ânyb�e=�|`s¹xjih o4`Ânyb�a `-j|m[n�zxq z|{Éji�4n�o|e�ÑW�xq c4��cfn�r�gio|e[j|e¡q n�z|m
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MAX
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MAX

MIN V

t�q m«e=�4`p�x`fm¡e�¹yjih o4`p±'e2n g«�Kh ·�b°n�oiz|�¢m¡n£b'jxa�nyÜÝe;�4`sc4oia�a0`4z|esg4j|e=�
Ð b���q m«Ñ�n�a m;`�e=�4jizpt�ª g«�Kh Ñ�q h h�j-¹4nq �+q e��§gya�oiz4`se;�4j|e��ya0jiz|cy�
s `=©�z4`sw m=q rsq h jya�h kpb°n�a g�%0(
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Ç �W\ t��«w ��X2Ë����!Y¦V$���

^ j|mfq cdjih h k f %°(�%bg«�Kh�� ¨d`d`4gÂe;a0j4cy¨snyb�t�ªw � gya�oiz4`
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X \�V�\��#��Y¡ZsY¡�iV#Y[� Ë�����\�� Y[Z �������!V#Y[��\

Ä��|`-c4¨f`4a m|�Ä��xq z|n�n�¨s`4z4�i`d��¶x¾4Ï�k|`-jya Ï;a `4q {�zsnyb
�ioirWjizsÑ�n�a�h �£c4�4jir�gxq n�z¤ÃÂjya Ï
q n�z ¥ q z|mdh `fk�q z�´-µxµy¶ ßÉ� m¡`d��jiz+`4z4�x{ijirW`Á�ij|e[ji�4j|m¡`¢�i`=©�zyq z|{ gx`4a b'`dcfe�gxh jfk
b°n�a�jih h«g4nxmfq e;q n�z-m�q z-¹4n�h ¹iq z|{ z n�a�b'`=Ñ�`4aÂgxq `dcd`dm¢n�z�e=�|` �4nijya0�#ª�j�e2nxe[jih�nyb
¶y¶/.$ª Ày¶ z ª ¶i¾�´iª ¿y¶iÀ+g4nxmfq e;q n�z-m ß
Ä��|`dm[m| s `d`4g ^ h o4`Â�i`=b'`dj|e[`d���ioirWjiz�Ñ�n�a�h ��c4�4jir�gxq n�z¢}�jya k {�j|mfg4jya ny¹Áq zpj
m=q ¬|Ï¦{ijirW`�rWj|e2cy�¢q z¤´-µxµxÀ ß s `d`yg ^ h o|`Âm;`djya0c4�4`fms¿x¾y¾Érsq h h q n�zÉg4nxmfq e;q nz|m£gx`4a
m¡`dcdnz4�#ª$o|m;`fm�¹y`4a kWm¡n�gi�yq m¡e¡q cdj|e[`-��`=¹yjih o|j|e;q n�z�ª�jiz|�Áoiz4�q m;c4h nxm¡`d�¤rW`fe=�|n�ym�b°n�a
`=¬4e[`4z4��q z|{Ám¡n�rW`£h q z4`fmWn4b�m;`djya0cy�Áoig£e¦n�¶i¾+gih k ß
� e=�4`4h h n#s�xoirWjiz¢c4�4jir�gxq n�z|mpa0`=b2o|m;`Âe2n+cfn�r�gx`fe[`£j4{xjxq z|m[e�cfn�r�gio-e[`4a m|ª!Ñ��|n
jya0`�e¦n�nÁ{xnin� ß
}�n#£�ioirWjiz+c4�4jir�gxq n�z|mÁa0`=b2o|m;`pe2n�cfn�r�gy`de2`Áj|{ijxq z|m¡escfn�r�gio|e[`4a m-ª�ÑW�-nÉjya0`
e¦n�np�4j4� ß«Ð z�{yn#ª��10��$"$"�ªxm[n�r�nym¡e�gya nx{�a0jir�m«o|m;`�g4j|e2e[`4a�z£¨yz-n|ÑWh `d�x{x`s�4j|m¡`dm
e¦n�mdo-{x{i`fm¡eWgxh jio|m=q �ih `Ár�ny¹y`fm ß
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2 �«Z8[W\�V�\��$� Y[Z�Y[��V$Y¡� Ë����à\��

Þ!ß ß {#ª#q z¢�|j4cy¨d{xjir�rWnzª$e=�4`��q cd`pa n�h h mW�i`fe2`ya�rsq z4`Âe=�|`�h `f{ijih!r�n4¹x`fm
½$q r�gxh q ©�`d�¤`=¬yjir�gih `sÑ�q e=�Âcdn�q z-Ï�3#q gigyq z|{Éq z|m[e[`dj4�¢nyb
��q cd`=Ï;a n�h h q z|{#

MIN

MAX

2

CHANCE

4 7 4 6 0 5 −2

2 4 0 −2

0.5 0.5 0.5 0.5

3 −1
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4 X2Ë��«�#Y2V���� Êf����ZW�«Z8[W\�V�\��$� Y¡ZsY[��V#Y[� Ë�����\��

> h��$�$"$��%bg�%0(�%bg��Kh {q ¹x`fm�gx`4a b'`dcdesgih jdk
5 o-m¡eWh q ¨f` f %0(�%bg«�Ah ª`=¬ycd`yg-e�Ñ�`Âr�o|m¡e«jih m[nÉ�4jiz4�h `Âc4�4jiz4cd`�z|n�x`dm-
P#P&P
6�7 5#/¦Õ(/¦Ú�q m�jpc4�4jiz4cd`pz|n�i`98&:<;�=

> ;/8&? > =¢j-¹y`4a0j|{i`
n4b > h����#"$��% f %0(�%bg��Kh
@�k��A@�i�� nyb  �i�"!"#�#)-)-&���) ±y5*/¦Õ$/¦Ú=·
P#P&P
� ¹y`ya m=q n�zÂnyb�t�viwRgya�oxzxq z|{¤q m�gynxm[mfq �xh `
�xo|e«n�zxh kÁq b
e=�4`£h `dj-b
¹yjih o4`fmWjya0`£�yn�oxz4�i`d� ß � �-k ���
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2 �«Z8[�\�V\��#��Y¡ZsY¡�iV#Y[� Ë�����\�� Y[Z �������!V#Y[��\

s q cd`pa n�h h m�q z|cya0`dj|m¡`Z�y�¿�´pg4nxm¡mfq �ih `�a n�h h m�Ñ�q e=�£¿��q c-`
^ j4cy¨d{xjirÂr�nz`� ¿x¾+h `f{ijih�r�ny¹y`fm�±¦cdjiz¢�x`�Å�ª ¾x¾y¾£Ñ�q e=�¢´fÏ=´£a n�h h ·
A�B!C�D�E v]DGF("IH 
JFS KHLF("��M �t $P FIH  #"�N

� m��i`4g|e;�¢q z|cya `-j|m¡`dm-ª�gya n��4ji�xq h q e�k�nyb�a0`dj4c4�xq z|{+jÂ{q ¹y`4z¢z|n�x`smd�ia'q zi¨dm
� ¹yjih o4`snyb�h nin�¨fji�4`dj4�Éq m��q rsq zxq md�4`d�

t�vxwUgya�oizxq z|{�q msr�o4c4�¢h `fm¡m�`fÜ�`dcfe;q ¹y`
l9OQP£�TgHg�&�( o|m¡`dm��i`4g|e=�-Ï¦¿Ám;`djya0c4� � ¹y`4a k£{xn�n�� >�? �A@

� Ñ�n�a�h �yÏ2c4�4jir�gxq nz¤h `f¹y`4h
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X Y[Ë��$\���$Y2�«Z]Y = ÎW���!V ����X¡TW\�� X S �à�
VV�\��

DICE

MIN

MAX

2 2 3 3 1 1 4 4

2 3 1 4

.9 .1 .9 .1

2.1 1.3

20 20 30 30 1 1 400 400

20 30 1 400

.9 .1 .9 .1

21 40.9

^ `y�|j-¹�q n�oia�q msgya0`fm;`4a ¹y`d�Án�zih k+�fk��n1�5fÓb/'Ó0×yÚÂØ Ó0Ô!Ú=Õ(9�e=a0jiz|m2b°n�a�rWj|e;q nz�nyb >�? �A@
� `4z4cd` >r? �A@ md�|n�oxh �É�y`pgya n�gyn�a e¡q n�z4jih$e¦npe=�4`�`=¬�gx`dcfe[`d��g4jfk-nyÜ
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¥ �4`=kÁq h h o|m[e=a0j|e[`Âm¡`=¹x`4a0jih$q r�g4n�a e[jiz|esgynq z|e2mWji�yn�o|e ��Ð
] gy`4a b'`-cfe;q n�z+q m�oiz4j|e2e[jxq z4ji��h `�� r�o|m[e�jigigya n|¬�q rWj|e[`
] {yn�n�+q �i`djpe2npe=�xq zi¨Âji�yn�o-e«ÑW�|j|e�e2npe=�xq zx¨Âji�yn�o-e
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