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n UWHKX7H�XYO��?yD�eV�ND�?xMHKJ�SAO�P �DyDO�½?H3¼RHKJ% 
xMJMN�xWHKT?XYH�JMNDSA�¾C* �VAXEHKQEHKJ!BrSAO�P9^#½DH�J��L�NDO�PRHKQEO�-�PANDUMU
x ∈ X

·�H�UM�'LAQYy
UWUWHKOm�1XEJ'P�C�»7XYO  �VAXEHKQEHKJ\UW�'LAQ.	�TDxvUWHKXEOAH%¨ N�LAQ�½Dy?J/-�PRHKJ
N�O�PRHKJMH\ RVAXYH�QYH�J���N�OAO#O�SAOmN�OAO�HKLA�eHKO�-APAN�OAO¾X�U�x�PAN?U� �VAXEHKQ;·�HKH�O�PRHKx/-AyRPRH�J�N�·AQEHKLAO�HKO�-
PANDOAOö��NDOAOöH�J\HKXEOAHKO��]HKT?HKO�½Dy?JMUM�'LAQ�N�Tr�rND�'LAH�O;C;t]NDU% �VAXEHKQIH�O�PRHKx\H�O
x��lH�PRHKJ\�eXÿx�H�Xÿ�
OAH�� PRH3w�O�XÿxMXY½9½?yDO[·�H�XEPRH�O> RHKXYxWHKO>N���¡�HKVRxMXYH�J�xMHKOäFIy?JMUM�'LAQ�N�T

x ∈ X
-�yRPRHKJeH�U��1XEJ'P

SAOAH�O�PRQEXE�'Löy�~�x\~|yDJWxWT?H�UWH3xM¡3x�C�{}�Ù¡��lH�XÿxMHKO10�N�QEQ�TDXEQÿx%PRXEHgFIHKJML�N�O�PAQYSAO�T#NDQEU]TDH�UW�'L�HKXYxWHKJWx/-
PAN?U-»¤JWT?HK·AO�XEU-�1XEJMP#UM�'LAQYH��'L
xWHKJ-·�HK�/HKJWxWHKxþz2��3¤J4	�~|HKJMHKOA¡�5 ���lN�Q�U�6�H�PRH%ý��?UWSAOAT

x ∈ X
C

¨©XEJI·�H�L�N�O�PAHKQEO�O�SAJ¤PRH�Oe RV�H�¡KX�N�QY~�N�QEQ�Z
X = [0, 1]

-6�ly?·�H�X�¼þ·�H�PRHKSAxWH3x�Z? �VAXEHKQEHKJ1B-H�JWL
	DQÿx
¼¯SAO�P¾ RVAXYH�QYH�Jv^�HKJML
	�QYx�B3�j¼�C
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�]HKT?HK·�HKOþUWHKX?HKXEO� �VAXEHKQ�XEO%H3¼�xMHKO�UWXY½?HKJ�0�yDJM�Çz�UWXYH�LAH7LAXEHKJM¡KS%ý*HK�
xWXEyDO��1yRPRHKJ�¨©XY��XEQYS�PRXEN
�@-
�/yD·�HKX��DH�XYO�H]½?yDQEQY�?yD�e�eHKOAH]{}OR~|y?JW�rN�xMXYy?O!½?yDJMQYXEHKT?HKO¿��S�UMUKCR»¤XEOAH%{}OA~|yDJM�eN�xWXEyDO�UW�eHKOAT?H
z|{}OA~|yDJM�eN�xWXEyDO�UW·�HK¡KXEJM�R�rXEU�x#H�XYO�H<¸mH�OATDHö½Dy?O�»¤O
xMUM�'LAHKX�PRSAO�T?UW�
O�y�xWH�O��eXÿx#~|yDQETDH�O�PRH�O»¤XETDH�O�UW�'L�N�~�xWH�O;Z
•
»7XYOAH�J�PRH�J� �VAXEHKQEHKJ1X�U�x�NDOa6�H�PRHK���\OAy�xMHKO¾PRHKJ1{}OA~|yDJM�eN�xWXEyDO�UW�eHKOAT?H]ND��¦�SAT�C

•
¨<HKO�O>P�NDU¿ �VAXEHKQ1H�XYO�HKO>PRHKJ¿�\OAyDxWH�O[XEOAOAH�JWL�NDQY·>PRH�Jg{}OA~|yDJM�eN�xWXEyDO�UW�eHKOAT?H!H�J��
JMHKX��'L
x�L�N�xgS�O�P9�eHKL�JgNDQEU�HKXEO[�\OAyDxWH�O9XYOâPRHKJg{}OR~|y?JW�rN�xMXYy?O�UW�gH�OATDH¯XEU�x/-��/HKXcb
PAXYH�U�H�J� �VAXEHKQEHKJ1OAX��'L
x/-�NDO!�/HKQ��'LAHK�í�\OAy�xMHKO#HKJ�UWXE�'L¾·�H3w�O�PAH3x�C

�/H3w�O�PRH3x*UWXE�'L\XEO�HKXEOAHKJ*{}OR~|yDJM�rN�xWXEyDO�U��eHKO�TDH�O�SAJ;HKXEO\»¤O
xMUM�'LAHKX�PRSAO�T?UW�
O�y�xWH�O�-KUWy1U�VAJMX��'L?x�rN�O�½?yDO HKXEOAHK�  �XEOATDQEH3xMyDO;C� �XEO�P9N�QEQEH¿{}OR~|yDJM�rN�xMXYy?O�U��eH�OATDH�Od6�H��lH�XYQ�U%H�XYOAH�QYH��eHKO
xWXET
-
UWygQEXEHKT�x1½?yDQEQY�?yD�e�eHKOAH]{}OR~|yDJM�rN�xMXYy?O!½?yDJ�C

K��eK LM�ONP��)�QR)�S%�T+VUgfa�*)� �$('h)��� @`
»¤XEO¹�*H�XYQ�UWVAXYH�Q*H�XYOAH�U� �VAXEHKQEH�U�XYOmHK¼
xMHKO�UWXE½DHKJ!0AyDJM�ÎX�U�x�HKXEO  �VAXEHKQ

Bx(x)
�eXYx�~|yDQETDH�O�PRHKO

»¤XETDH�O�UW�'L�N�~�xWH�O;Z
•
t]NDU\��HKXEQEUWVAXEHKQ�·�H�TDXEOAO
x]XEO H�XYO�HK�Ð»¤O
xMUM�'LAH�XEPRS�OAT?UW��OAy�xMHKOm¼O-�PRHKJ]HKXEO< RXYOAT?QYHKxWy?O
X�U�x�C

•
t]NDU���HKXEQEUWVAXEHKQ�SA�g~�NDUMU�x�NDQYQEH/��NDO
xWHKO�-�»¤O
x'UW�'LAH�XEPASAOAT?U���SAO�Pþ»¤O�PR��OAyDxWHKO�-�PRXYH/½Dy?O
¼¾N�S�U-XEO¾V�y
U�XYxWXE½DH�J1¶1XE�'L
xMSAOATeHKJMJWH�XE�'L
x1�/HKJ'PRHKO!�i�DO�OAHKO;C

^



•
t]NDU��*H�XYQ�U�V�XYH�Q;PAN�JW~��?HKXEOAHKO¾{}OR~|y?JW�rN�xMXYy?O�UW·�H�¡KXEJW�¿PRS�JM�'L�UM�'LAOAH�XEPAHKO;C
z�PRL;C�~��AJh6�H�PRHKOâ{}OR~|yDJM�rN�xMXYy?O�U�·�HK¡�XYJM�<{%TDXEQÿx�Z

I ∩ K(x) = ∅
y�PAHKJ

I ⊂ K(x)
-�/yD·�HKX;�rz|¼��-PRXYH%¸¹HKOAT?H\PAHKJ��\OAyDxWHKO#½Dy?O

Bx(x)
·�HK¡KH�XE�'L�OAH3x�C��

K��ej kl��)m$�'h)��� n+�oqpT���!$�'h)��� 
tvXYH�U�H�U��lH�XEUWVAXEHKQIX�U�x%·�HKJMHKXYxMUþN�S�U�ý*HK�
xWXEyDO�^!·�H��6NDOAO
x�C��]JMyib?HKJ\�1��H z� RVAXYH�QYH�JrB��]SAO�P��QYH�XYO�HKJl����Hez� RVAXYH�QYH�J-^?��L�ND·�H�OT6�HK�/HKXEQ�U7PRXEH�¨ N�LAQ�¡K�1X�UM�'LAHKO¯PAHKO! 
xMJMN�xWH�TDXEHKOr��QYHKx�xMHKJMO
z|�A�/SAO�P!�-N�JWxWH�Oöz����@-��/yD·�HKX* RVAXYH�QYH�J�B�N�Q�U-HKJ'U�xMHKJ1¡KXEHKL�HKO¾PAN�JW~�C
 �VAXEHKQE·�NDSA�¾Z

(4,4) (0,0)(9,1)(5,3)
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z|�t- ��C �A�/OAX��'L?x1VAQ�N�S�U�XE·�H�Q
z|�J- ��C ���/SAOAT?QENDSA·����AJ'PRXYT?H]tvJMyDL�SAOAT

�/HKXE�ã�/H3xMJMN?�'L
xWHKO>PRH�J¯·�HKX�PRHKO���HKXEQEUWVAXEHKQEH¹U�XEHKL
x¿�rN�O�-lPAN?UWUeXE�ãQEXEOA�DH�O��*H�XYQ�U�V�XYH�Q��
SAO�P#XE�ÎJMH��'L
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x��rN�O PRXEH�UWHr RXÿxMS�N�xMXYy?Ow�W¥�OAT?QENDSA·����AJ'PRXYT?H
tvJWy?L
S�OAT<�öz�½
T?Q�C¤ý*HK�
xWXEyDO©^D�3C¤¸¹N�O>UWXYH�L?xg-¤PANDUMUePRXEH¹¶1H�U�xWJMXY�
xMXYy?O[PRH�U¿ 
xWJ'N�xMHKTDXEHKV�JWyD�
w�Q�U�z|�J- ��C ���lXE� JWH��'L
xWHKO#�*H�XYQ�UWVAXYH�Q��DH�XYO¾��N?U�LR���]QEHKX��'LATDH��1XE�'L
xlX�U�x/-APANePRH�J-��SRxW¡�HKO#~��AJ
 �VAXEHKQEHKJ�^þ·�H�X;PRHKJ� 
xMJMN�xWH�TDXEHv�rT?QYH�XE�'LöBvSAO�P¯·�HKX;PRH�J� 
xWJ'N�xMHKTDXEH]��TDQEHKX��'L:x�XEU�x%z�B�y�x?��C
��S��'L z��t- ��C �A�7X�U�x�OAXE�'L
x�VAQ�N�S�U�XE·�H�Qe-AP�NrPRHKJ1��QEHKXEOAH%�1��H%U�H�QY·�U�x�PANDOAO¾�
QEH3xWxWH�JWO#���AJ'PRHi-
�/HKOAO<PRHKJ\TDJMyib?Hþ�1��He·�H�JWH�Xÿx'U]�
QEH3xWxWH�J�x�CJ0��AJ�PRH�Oö��QEHKXEOAHKO<�1��HKO<·�H�PRHKSAxWH3x%PRXEH�U]H�XYOAHFIHKJMJMXYOAT?HKJMSAOAT#U�H�XYOAH�U���SRxM¡KH�O�U¿z|½�T?Q�C*ý*HK�
xWXEyDO�^D�3C;t�XEH¿¶1H�U�xMJWXE�
xWXEyDO<½DyDO>z|�t- ��C �A�\NDSR~
PAN?U-QYXEOA�DH���HKXEQEUWVAXEHKQ;X�U�x-�?HKXEOm��NDUWLR���]QYH�XE�'L�TDHK�1X��'L
x�C

` �6���
5����	�r
tvN?U�H�XYO�¡KXETDH¤xMHKXEQEUWVAXEHKQEV�H�J�~|H��
xWH1��N?U�LR���]QEHKX��'LATDH��1XE�'L
x*X�U�x1z|�t- ��C �R�3C�¸mXYx��XYQY~|H1PRH�U��/H3�

TDJMXY��U��}xMHKXEQEUWVAXEHKQEV�H�J�~|H��?xMH�U/��N?U�LR���]QEHKX��'LATDH��1XE�'L
x��%z�tvH3w�OAXÿxMXYy?O!UWXYH�LAH�S�O?xMHKO��¤��N�OAO¿�rNDO
N�Q�UWygPRXEH�OAX��'L
x-V�QENDS�U�XE·AQEHKOm��N?U�LA�}�]QEHKX��'LATDH��1XE�'L
xMH]NDS�UWUM�'LAQEXYH�UWUWHKO*C

K���z LM�ONP��)�QR)�S%�T+VUgfa�*)� �$('h)��� �'t���]XY��{|QR��$s}~��$&���i�� ��*)��
��#Z�O�D)m�
�^Q�`
»¤XEO[ 
xMJMN�xWHKT?XYH�VAJMy�w�Q¤X�U�xþHKXEO�xWH�XYQ�UWVAXYH�QYV�HKJW~|HK�
xMH�Ug��NDUWLR���]QYH�XE�'L�TDHK�1X��'L
x/-��/HKOAO[PRXYH!¶1H3�
U�xWJMXY�
xWXEyDO¾PRXEH�UWH�U�3¤JMy�w�QEU1NDSR~�6�H�PRH�U1��HKXEQ�U�VAXEHKQ*HKXEO#�vNDUWLR�}�]QEHKX��'LAT?HK�1X��'L?x-X�U�x�C
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tvXYH�U�H�Ul �VAXEHKQ�XEU�x7H�XYOAH�½DHKJMHKXEOR~�N?�'L?xMH�0AyDJM�êPRH�Ul�'L�N�XEOrU�xMyDJMH1T?N��eH?Ci�XEHKJM·�H�X�T?HKL
x7H�U7SA�
HKXEOAH�O!¸my?OAyDV�yDQEXEU�xWH�Oözj �VAXEHKQEHKJ�^D�/PRH�J-UWX��'L!N�SA~*HKXEOAHKO¾�vyDOA��SAJMJWH�O
xWHKO¹zj �VAXEHKQEHKJ\B��,-RPRHKJ
XEO¾PAHKO¹¸¹NDJW�
x1�eXÿxvPAHK� U�H�QY·�HKOw3¤JMyRPRSA�
x�HKXEO
xWJMH3xMHKO¾�1XYQEQ�-AHKXEO�U�xWHKQEQEHKOm�þS�UWU�C� �VAXEHKQEHKJ�B
�A·�HKJMQYH�T�xg-RyD·¾HKJ1XEOmPRHKOm¸¹NDJW�
x�PRH�U�¸myDOAy?V�y?QYX�U�xWHKO#HKXEO
xWJMH3xMHKOmU�y?QYQ�S�O�P#L�N�x�PRXEH�¨ N�LAQ
¡K�1X�UM�'LAHKO<PRHKO9 
xMJMN�xWHKT?XYH�O »¤XEO
xWJMXÿxWx¯z|»l��SAO�P<��X��'L?xMHKXEO
xWJMXÿxWx¯z��v�]XEO PRHKO�¸¹NDJW�
x�C�tvHKJ¸my?OAyDV�yDQEXEU�x1��N�OAO#HKO
x��/H�PRH�J���TDT?JWH�UWUWXE½¾z��v�-yRPRH�J���y�y?V�H�JMN�xWXE½¾z��%�/JWH�N�T?XYH�JWH�O;C
tvXYH�U/~��ALAJWx�¡KS!~|yDQETDH�O�PRHKOm �VAXEHKQE·�NDSA�¾Z

2

1
N E

(1,5)

(2,2)
KA

(0,0)

K

(2,2)
km@A	�� omosr
z�»�- �%�lxMHKXEQEUWVAXEHKQEV�H�J�~|H��
xWH�U���NDUWLR���]QYH�XE�'L�TDHK�1X��'L
x

z��T- �v�1SAOATDQ�N�S�·
����JMPRXETDH\tvJWy?L
S�OAT

tvXYH�U�H�U� �VAXEHKQ�~��AL�J�x�¡�SAJ-~|yDQETDH�O�PRHKO#»¤O
xMUM�'LAH�XEPRS�OAT?UW�rN�xWJMXY¼ Z �V;CEB��D �V;C�^ � �
� ° 4��.� ² z�Bi-�£D�
» zex]- x?� ° _���_ ²

{}OöPAHKJ\»¤O
xMUM�'LAHKX�PRSAO�T?UW�eN�xWJMXÿ¼¹UWXYH�L
x\�rNDO�-�PANDUMU�¡��lH�XI��NDUWLR���]QYH�XE�'L�TDHK�1X��'L
xWH�H3¼RXEU�xWXEH3�
JMHKO;Z
•
z�»�- �%�/XEU�x1HKXEO¯xMHKXEQEUWVAXEHKQEV�H�J�~|H��?xMH�U1�vNDUWLR�}�]QEHKX��'LAT?HK�1X��'L?xg-
P�NgPAXYH% 
xMJMN�xWHKT?XYH\�ÕXE�
��HKXEQ�U�VAXEHKQ;~��AJ� �VAXEHKQEHKJv^�H�XYOm��N?U�LA�}�]QEHKX��'LATDH��1XE�'L
x1PAN�J'U�xWHKQEQYx�C

•
z��T- �v�*XEU�x*¡��/NDJ;HKXEO%��N?U�LR���]QEHKX��'LATDH��1XE�'L
x/-�6�H�PRyR�'L��DH�XYO\xMHKXEQEUWVAXEHKQEV�H�J�~|H��
xWH�U���N?U�LR�
�]QEHKX��'LAT?HK�1X��'L?xg-�P�NmXY��0�N�QEQYH!HKXEOAH�U�»¤XEO
xWJMXÿxWxMUgHKXEOäN�T?TDJMH�UMU�XE½DH�U\FIyDJMTDH�LAHKO�H�XYOAH
FIH�JWJMXEOATDH�JWSAO�T PAH�U¯��SRxW¡�HKO�U¯½Dy?O© RVAXYH�QYH�J#^ ·�H�PAHKSRxMHKO©���AJ'PRHDC/t�XEH�UWH�U!��N?U�LR�
�]QEHKX��'LAT?HK�1X��'L?x1H�O?x'U�V�JWX��'L
x1NDQEUWygHKXEOAHKJ1SAO�TDQ�N�SA·����AJ'PRXETDHKO#t�JMyDL�SAO�T�C

{}��HKXEOAT?HK¡KH�XE�'L�OAH3xMHKOþ��HKXEQEUWVAXEHKQ�-�NDQEUWy��/HKO�O� 
xWJ'N�xMHKT?XYH]z|»l���1XEJW��QEXE�'L%H�XYO
xMJWXYx�xg-��1XEJ'Pþ �VAXEH3�
QEHKJ�^e 
xWJ'N�xMHKT?XYHrz��%�l��	�LAQEHKO�-�PANePRXEH�UWH]H�XYOm�vNDUWLR�}�]QEHKX��'LAT?HK�1X��'L?x-X�U�x�C
t]NDU���NDSR~|L�NDS�U��?H3xWxWHKO�U�VAXEHKQ�-�NDS��'L¹��N�SA~|L�N�S�UW�DHKx�xMHKOAV�NDJMN?PRy6¼RyDO!TDHKO�N�OAO
x/-�·�H�UW�'L�J4	DOA�
xUWXE�'LmO�N�xm�AJMQEXE�'LmOAX��'L
xvO�SAJ\N�SR~7^! �VAXEHKQEHKJ�S�O�P¹X�U�x\PRH�UWL�NDQY·mXEO PRH�J]¶1H�N�QEXÿxY	�x�½�XEHKQ��Dy?���
VAQEH3¼RHKJþC�z�»7U��1XEJ'Pm��N�SR~|L�NDS�UW�DH3xWxWH�OAV�N�J'NDPAy6¼�y?O¿TDH�O�N�O�O?xg-�PAN¿XYO PAHKJv¶�H�N�QEXYx4	�xvL
	�SRw�T

�



HKXEOAHeN�T?TDJMH�UMU�XE½DHþ 
xMJMN�xWH�TDXEHþTDH��|	DLAQYx]�1XEJMP�-�y?·��ly?LAQ�PAXYHg�Dy�yDV�HKJ'N�xMXY½?H� 
xMJMN�xWHKT?XYH��eHKX�U��
xWH�O�U1UWXYOAO�½?yDQEQYH�J/��	�JMHDC��

j��eK �|��QR�
¶����'����	�JWxMUWXYO�PRSA�
xWXEyDO�O�N?�'L �*@R���t����l�¤�
��89����� z�ý*HK�
xWXEyDOþ�
�;QEXEH3~|HKJWx�·�HKX�H�XYOAH��´ �VAXEHKQ
XEO¹HKO�PAQYX��'LAHKJg-�H3¼�xWH�O�U�XE½DH�J!0�yDJM���eXYx]½?yDQEQEU�x4	DO�PRXETDH�J�{}OR~|yDJM�rN�xMXYy?O¹HKXEOmxWH�XYQ�UWVAXYH�QYV�HKJW~|HK�
�xWH�U��vNDUWLATDQEHKX��'LATDH��1XE�'L
xg-R�lH�OAO �]Jm��bDH�O
½?HKJMTDQEHKX��'LAH]XYO ��HKXEQ�U�VAXEHKQEHKOmXE�e�eHKJ�¡�S¹U�xMJWXE�
xWH�O
»¤O
xMUM�'LAH�XEPRS�OATDH�O¯~��AL�JWH�O;C

j��ej kl��)m$�'h)��� n+����B�
)��B�^QR�~����$>�� uQ])�[_��Q]"�[�$('!)��* �$
 �VAXEHKQEHKJ�B\·AXEH3xMH3x

s1 ∈ {1, . . . , 99}
N�O�-� �V�XYH�QYH�Jv^�L�N�x1O�SAO¹^e 
xWJ'N�xMHKTDXEHKO*Z

•
~�NDQYQ�U% �VAXEHKQEHKJþ^!N���¡�HKVRxMXYH�J�xrz� 
xMJMN�xWH�TDXEH�����~��ALAJWxþPRXYH�U]¡KSAJ%��S�U�¡�N�LAQESAOAT

(s1, s2)�eXYx
s2 = 100− s1

C
•
~�NDQYQ�U\ �VAXEHKQEHKJ�^rN�·AQEHKL�O?xez� 
xMJMN�xWH�TDXEH��v�1~��ALAJWx\PAXYH�U�¡KS�J]��S�U�¡�N�LAQESAOAT

(s1, s2) =
(0, 0)

C
 RVAXYH�QY·�N�SA�¾Z

0
0

0
100

1
99

0
0

99
1

0
0

J N J N

0 99

1

km@A	�� omosr
»¤XEOA¡�XYT?H�UIxMHKXEQEUWVAXEHKQEV�H�J�~|H��
xWH�Ul��N?U�L���� X�U�x

1 7→ 99
-
2 7→ J

 �VAXEHKQEHKJ<B L�N�xöBgxixä 
xMJMN�xWH�TDXEHKO�-- �VAXEHKQEHKJm^�LAXEOATDH�TDH�O
2100

Cl{}O PRXYH�U�H��Ä�lH�XEUWVAXEHKQ
H3¼RX�U�xMXYH�JWH�Om½�XYH�QYHg��NDUWLR���]QYH�XE�'L�TDHK�1X��'L
xWH?C�tvN?Uv�vNDUWLR���]QYH�XE�'LAT?HK�1X��'L
x�·�H�X

s∗1 = 99
SAO�P

s2 = J
XEU�x/xMHKXEQEUWVAXEHKQEV�H�J�~|H��
x/-APANgXEO¾NDQYQEHKOöB/x�x���HKXEQEUWVAXEHKQEHKO¾PRXEH� �xWJ'N�xWH�TDXEHh�g~���J� �VAXEHKQEHKJ

^�HKXEOm��NDUWLR���]QYH�XE�'L�TDHK�1X��'L
xlX�U�x�C

j���z kl��)m$�'h)��� n+�oM � �S��J�*Q])�S%��U��T"%�l��)m$("!��#%$&$('!)��� Y`
^]X�PRHKO
xWX�UM�'LAH�SAO�P¿OAXE�'L
xWxWHKXEQE·�N�JMH!�v·R6�HK�
xMH�U�y?QYQEHKOrNDSR~�^� �VAXEHKQEHKJl½DHKJWxWH�XYQYx7�/HKJ'PRHKO*C? �VAXEH3�
QEHKJ\Bv��NDOAO!PRXEH\FIyDJ'UW�'L�Qc	DTDHþzj^R- x?�@-;z�Bi-EB��7SAO�P<z�x
- ^?�¤�rND�'L�HKOöz�¥�QYxWXE�rN�xWS��íN�SA~���¸v�DT��
QEXE�'LA�?HKXYxWH�OgJMH�PASA¡KXEHKJWx'�3C? �VAXEHKQEHKJ-^]L�N�x7PRXEH�¨ N�LAQ�¡K�1X�UW�'L�HKOrPRHKO¯ �xWJ'N�xWH�TDXEHKOe��OAO�HKLA�eHKO
z����/yRPRHKJ���·AQEHKLAOAH�O�z��v�3C

£



1

2 2 2

2
0

0
0

1
1

0
0

0
2

0
0

J N J N NJ

(2,0) (0,2)
(1,1)

km@A	�� omosr
H�U-TDXE·Rx�Àe��NDUWLR���]QYH�XE�'L�TDHK�1X��'L
xWH?C

((2, 0), J.β.γ)
X�U�x��vNDUWLR�}�]QEHKX��'LAT?HK�1X��'L?xg-3�eXÿx

β, γ ∈ {J, N}
C

((2, 0), J.J.J) � ((1, 1), N.J.J)
UWXYO�P xWH�XYQ�U�V�XYH�QYV�HKJW~|HK�
xWH

��NDUWLR���]QYH�XE�'L�TDHK�1X��'L
xWH�5
((1, 1), NJN)

-
((0, 2)NNJ)

-
((2, 0), NNN) �

((2, 0), NNJ)
UWXYO�P¾�vNDUWLR�}�]QEHKX��'LAT?HK�1X��'L?xMHDC

((2, 0), N.J.J)
XEU�xvXEO¹N�QEQYH�O ��HKXEQEUWVAXEHKQEHKOmV�HKJW~|HK�
x/-�N�·�HKJv�DHKXEO

��NDUWLR���]QYH�XE�'L�TDHK�1X��'L
x
 �VAXEHKQEHKJöB L�N�x!�[ �xWJ'N�xWH�TDXEHKO©SAO�P  �VAXEHKQEHKJ¾^�L�N�x��ä 
xMJMN�xWH�TDXEHKO

→
^���3INDNDJWH�-7N�Q�UWy

XEO�U�T?H�UMN��þx1^��r �xWJ'N�xWH�TDXEHKO;C
tvXYH yD·�HKO TDH�O�N�O�O?xMHKO ��NDUWLR���]QYH�XE�'L�TDHK�1X��'L
xWHö�6NDOAO �eNDO NDS�U#~|yDQETDH�O�PRHKJ#»¤O
xMUM�'LAH�Xÿ�
PRSAO�T?UW�eN�xWJMXÿ¼¯ND·AQEH�UWHKO;Z

 �V;CEB��D �V;C�^ ���(� �(�?� �?�!� �!��� �?�v� ���!� �!�?� �����
zj^R- x?� ^R- x ^]- x ^R- x x
- x ^R- x x]- x x
- x x]- x
z�Bi-EB�� Bi-EB B�-YB x]- x B�-YB x]- x x]- x B�-YB x]- x
zex]-�^D� x]-�^ x
- x x]-�^ x
- ^ x]- x x]-�^ x
- x x]- x

� ·�HKJMVAJ4�R~|SAOATe½?yDO¾��NDUWLR���]QYH�XE�'L�TDHK�1X��'L
x�Z
u1((2, 0), J.β.γ) = 2 ≥ u1(∗, J.β.γ)
u2((2, 0), J.β.γ) = 0 ≥ u2((2, 0), ∗) = 0

` �6���
5����	�r
�lHKxWJ'ND�'L
xWHKx��rNDOgO�SAOePRXEH��*H�XYQ�UWVAXYH�QYH1UWXYH�L
x¤�eNDO�-�PAN?UWU�XE�ÕQEXYOA�?HKOr��HKXEQEUWVAXEHKQAPRXEH� 
xWJ'N��

xWH�TDXEHKOq� SAO�P[����N?U�LR���]QEHKX��'LATDH��1XE�'L
xWH!U�XEO�PO-IXE� �eXÿxWxWQEHKJMHKOäS�O�PäJMH��'L
xMHKOä��HKXEQEUWVAXEHKQ
LAXEOATDH�TDH�O�O
S�J�PRXEH# 
xMJMN�xWH�TDXEHd�¹¡�S9HKXEOAHK� �vNDUWLR�}�]QEHKX��'LAT?HK�1X��'L?x�~���LAJ�x�C��v·��/yDLAQ7�1XYJ
OAH�SAO ½?HKJ'UW�'LAXEH�PAHKOAHg��NDUWLR���]QYH�XE�'L�TDHK�1X��'L
xWH%L�N�·�HKO�-�H�JW�?HKOAO
xv�rNDOöPRH�U�L�NDQY·�-�P�NDUMUvO�SAJ
((2, 0), J.J.J)

S�O�P
((1, 1), N.J.J)

xWHKXEQ�U�VAXEHKQEV�HKJW~|HK�
xvUWXYO�P;C�tvXYHþ�vNDUWLR���]QYH�XE�'LAT?HK�1X��'L
xWH
z�zj^R- x?�,-��(�?��-��
����-*�
���]�þUWXEO�P�OAX��'L
xþxWH�XYQ�UWVAXYH�QYV�HKJW~|HK�
xeSAO�P9NDS��'L9XE� H��'L
xWH�Oäý;H�·�H�O
SAOAJMH�NDQYX�U�xWX�UW�'L�-�PAN!PRHKJ\¡K�/HKXYxWHr �VAXEHKQEHKJ\H�XYO ~��AJ\XYLAO UM�'LAQYH��'L
xWH�U�»¤JMTDHK·�OAXEU\ND�
¡�HKVRxMXYH�JWH�O
SAO�P��6yRPRHKJ1H�XYO!~��AJ�XELAO¾O&�RxW¡�QYX��'LAH�U1N�·AQEHKLAO�HKO¾���AJ'PRHDC

j��e  oM � �S��J�*Q])�S%�¡[�)uQl¢£)��������
��S% m"���#
��QEQEy���N�xMXYy?O<�eXYxþ¨©XEH�PRH�JWLAy?QYS�OATmXEU�xþH�XYOAH¯F¤N�JMXENDO?xMH¿PRH�U%·�H�JWH�Xÿx'U%yD·�HKO�·�H�UWVAJMyR�'LAHKOAH�O
¦�S��/HKX�U�SAO�T?UMU�VAXEHKQ�U�C
t]NDU1��S�U�T
N�OAT
U��eyRPRHKQEQ��1XEJMP#PAN�L�XYO¾TDH�LAHKO�P¯�eyRPRXYw�¡KXEHKJWx/-�P�NDUMU-·�H�X*��·AQEHKL�O
S�OAT¿PRSAJ'�'L
 �VAXEHKQEHKJ�^�PAN?U� �V�XYH�Q
O�XE�'L
x*·�HKH�O�PRH3x�X�U�xg-�UWyDO�PAHKJMO�6�H3xW¡KxI RVAXYH�QYH�J�^�PRXYH/U�H�QY·�HKOþFIyDJ'UW�'LAQ.	�T?H

«



�rND�'LAH�O!��NDOAO�-A�1XEHþ �VAXEHKQEHKJ%B\XEO¹PRHKJ�¶�SAO�PRH%¡�SA½Dy?J-SAO�P¹ �VAXEHKQEHKJ�B��eXYx]¦�S�U�xWXE�e�þSAOAT
yRPRHKJ-��·�QYH�LAO�SAOATeJWH�N�T?XYH�JWH�Or�6NDOAO;CRtvXYH�Ul��NDOAO!�rNDO¯VAJMXYO�¡KXEVAXYH�QYQ�SAO�HKO�PRQEX��'L¯y�~�x�PRS�JM�'LR�UWVAXYH�QYH�O;C

Spieler 1

(2,0) (1,1) (0,2)

J N J N J N

(2,0) (1,1) (0,2)

Spieler 2 Spieler 2 Spieler 2

Spieler 2Spieler 2Spieler 2

(2,0) (2,0)(1,1) (1,1) (1,1)(0,2) (0,2) (0,2)

(0,2)(0,2)(0,2)(1,1) (1,1) (1,1)(2,0) (2,0) (2,0)

J J J J J J J J

(2,0)

N N N N N N N N

(0,0) (0,0) (0,0) (0,0) (0,0) (0,0) (0,0) (0,0) (0,0)

Spieler 1 Spieler 1 Spieler 1 Spieler 1 Spieler 1 Spieler 1 Spieler 1 Spieler 1 Spieler 1

NJ

tvXYH<¥�O
xWH�JMUWS��'L�SAOATâN�SR~þ�vNDUWLR�}�]QEHKX��'LAT?HK�1X��'L?xMHmSAO�P �*H�XYQ�U�V�XYH�QYV�HKJW~|HK�
xWL�HKXYx#�-N�J#�*H�XYQ
HKXEOAH�J � ·ASAOAT
UWNDSR~|T?ND·�HgSAO�Pö���AJ'PRHePRHKO ¶�N�L��gH�O<PAXYH�U�H�J%¦�S�UWND�e�gH�OR~�NDUMUWSAOAT!UWVAJMHKOR�
TDH�O;C

¤ ¥ "%(§¦íù!õ¾03�!(;&�+103� ¨]©g&�"% #$�ªRE
« ô û!+1$K$
z���� ¬M"�h)���$�QR��)m�®U��^QR���� @`���¯°S����* � ,+
¨©XEJ7·�H3xWJ'ND�'L
xMHKOeHKXEOAHKO±0�N�QEQ�PRH�UIFIHKJML�NDO�PRQESAOAT?UMUWVAXYH�QEU¤�gXYx/^% RVAXYH�QYH�JWOrS�O�P

X = [0, 1]
C

² �1XEJMP#PRSAJ'�'L<z�TDH�TDHK·�HKO�HKOR~�NDQYQ�U
∞
½�XYH�QYH6�l�1XYH�PRHKJMLAyDQYxWH���OATDH�·�yDxWH�TDHKxWH�XYQYx�C

 
xMSR~|H¿z|·A¡���C�¶1SAO�PRH���³
t ∈ N0

C
•
xh³´xAZ
t]NDUr �V�XYH�Q]z�·A¡K��CIPRXEH!FIH�JWL�N�O�PRQESAOAT���·�HKT?XYOAO
xeXYOâPRHKJVx��jxWH�Oä¶1SAO�PRH!�eXYxePAHK�
��OATDH�·�yDx

x ∈ X
½?yDOm �VAXEHKQEHKJ�BDC� RVAXYH�QYH�J�^gL�N�x1O�SAO¹^e 
xWJ'N�xMHKT?XYH�O;Z

»7J¿N���¡KH�VRxWXEHKJWx¾ze�
���eXYx¯PRHKJe¨©XEJW��SAOAT�-IPANDUMUePANDU¿ �V�XYH�Q1�gXYx¿PRHKJ¿��S�UW¡�N�L�QYSAO�T
(x, 1−x)

¡KSAH�O�PRH]XEU�xlyRPRH�JlQEHKLAO
x1N�· z��v�l�eXÿx1PRHKJ/¨©XEJW��SAOAT�-
P�NDUMUlPAN?U/ RVAXYH�Q�XYO
PAXYH�O
	?�'L�U�xWH�¶1SAO�PAH�TDHKL
x�C

•
xh³ÇBDZ
 RVAXYH�QYH�J¿^m�rND�'L
x�O�SAOâPANDUg��O�TDHK·�y�x

y ∈ X
CI �VAXEHKQEHKJ#B¯�1XEH�PAHKJMSA� L�N�x!6�H3xM¡3x

PAXYH! �xWJ'N�xWH�TDXEHKO���O�OAHKLA�eH�O�z����\yRPRHKJþ��·AQEHKLAOAH�O�z��]��C� �xWJ'N�xWH�TDXEH¹z����]~��ALAJWxþ¡�S
PAHKJ���S�U�¡�N�LAQESAOAT

(δ1y, δ2(1− y))
�eXÿx

δ1, δ2 ∈ (0, 1]
z�t�X�U��?yDO
xWXEHKJMSAOAT
U�~�ND�
xWyDJ��@-

 �xWJ'N�xWH�TDXEHrz��v�/·�JWXEOAT�x�P�NDU� �VAXEHKQ*�1XYH�PRHKJ1H�XYOAH�¶1S�O�PRH��/HKXYxWHKJ�C
•
xh³´^RZ
 RVAXYH�QYH�JþB��DyD�e�þx�HKJMOAHKSRx]¡KSA�×¦�S�TrSAO�Pm��N�O�O U�H�XYO¹��OATDH�·�yDx

z ∈ X
��SAO�PRT?H3�

º



·�HKO*C�����¡KH�VRxWXEHKJWxv �VAXEHKQEHKJ�^�O�SAO¾TDXE·Rx�H�U1PRXYH%��S�UW¡�N�L�QYSAO�T
(δ2

1z, δ2
2(1− z))

-A·�H�X
��·AQEHKLAOAH�O¾HKJMJWH�XE�'L
x�PANDU� RVAXYH�Q*PRXEH\O
	D�'L�U�xWH% 
xMSR~|HDCC
C
C

•
xh³´^��J-

k ∈ N
Z�/H�X?T?HKJ'NDPRH�J*¶1SAO�PAHKOA¡�N�LAQ�X�U�xI �VAXEHKQEHKJ/BlN��´¦�S�T�SAO�Pþ�6NDOAO%H�XYOþ��OATDH�·�yDx

x′ ∈ X½?yDJ'UW�'L�QENDTDHKO*C;����¡KH�VRxWXEHKJWxg �VAXEHKQEHKJr^¾T?XY·Rx�H�UþPAXYH#��S�UW¡�NDLAQYS�OAT
(δ2k

1 x′, δ2k
2 (1 −

x′))
-�U�y?O�U�x1½?HKJMQc	DOATDH�J�x1U�X��'L¾PANDU� �V�XYH�Q;SA�ÎH�XYO�H]�/HKXYxWH�JWH�¶1S�O�PRHDC

•
xh³´^��
µ�Bi-

k ∈ N
Z�/H�X�SAO�TDHKJ'NDPAHKJ ¶1S�O�PRHKO�¡�N�L�Q�X�U�x  �VAXEHKQEHKJ�^©N�� ¦�SAT SAO�P���N�O�OÕHKXEO´��O�TDH3�

·�y�x
x′′ ∈ X

½Dy?JMUM�'LAQ�N�TDH�O;C7���
¡�HKVRxMXYH�J�x  �V�XYH�QYH�JöB<TDXE·Rx¾H�U¾PRXEH ��S�UW¡�N�L�QYSAO�T
(δ2k+1

1
x′′, δ2k+1

2
(1 − x′′))

-;UWyDO�U�xv½?HKJMQc	DOATDH�J�x]U�X��'L PAN?U] �V�XYH�QISA�ÐHKXEOAHg�lH�XÿxMHKJMH
¶�SAO�PRH?C
C
C
C

• t→∞
Z

{}O¾PRXEH�UWHK�¶0�N�QEQ�·�H3xMJ4	DT�x1PRXEH]��S�U�¡�N�LAQESAOATeN�Q�UWy
(0, 0)

SAO�P#PRXEHvFIH�JWL�N�O�PRQESAOATgX�U�x
NDQEU-T?H�UM�'LAHKXYxWH�J�x�NDOA¡KS�UWHKL�HKO;C

` �6���
5����	�57�
qþ�
�6������*r
FIyDJ'UW�'LAQ�N�T¹¼9XYOâ¶1SAO�PRH#xr�eXÿx

(x, t) ∈ [0, 1] × N0

yRPRH�J
∞
z
∞

-�~�NDQYQ�UeU�X��'L[PAXYH
 �VAXEHKQEHKJ1O�XE�'L
x�HKXEOAXETDH�O!���DOAOAH�O��
�/HKX�xMHKJM�gXEO�NDQYH�O#�\OAyDxWH�O!�?yD�e�%x1H�U�¡KS¾PRHKOm��S�U�¡�N�LAQESAOAT?HKO;Z
u1(x, t) = δt

1x

u2(x, t) = δt
2(1− x)

lim(t→∞) ui(x, t) = 0tvXYH¿ �VAXEHKQEHKJ%UWyDQEQYxWHKO<PAN�L�HKJ�HKXEOAHrUM�'LAOAHKQEQEH�»¤XEOAXETDSAO�T#·�HK½?yDJM¡KSAT?HKO�-�PAN¾PRXEHrt�X�U��?yDO
xWXEH3�JMSAOAT?U�~�N��
xMyDJMHKO
δ1, δ2

PRHKOm��SRxW¡�HKO�6�H�PRH%¶�SAO�PRH�½?HKJMJWXEOATDH�JWO*C

�



x

1

2

2

1

1

N

J

J

N

y

x
1−x

1

2

J
N

2 1

2

2

2

d (1−y)
d y

d z
d (1−z)

z

t=0

t=1

t=2

km@A	��*n�omosr
¦�S

x∗ ∈ [0, 1]
H3¼�C���N?U�LR���]QEHKX��'LATDH��1XE�'L
x��gXYxI»¤JMTDHK·�OAXEU

x∗B\UM�'LAQ.	�TDx-XE�e�eHKJ
x∗ ½DyDJg-^�UM�'LAQ.	�TDx-XE�e�eHKJ
x∗ ½DyDJ�CB\ND��¡KHKVAxWXEHKJWx/-R�/HKOAO

x ≥ x∗ -�^gN���¡KH�VRxWXEHKJWx/-R�/HKOAO x ≤ x∗

¬#��·���|������^r
»¤XYO�Hþ 
xWJ'N�xMHKTDXEH

σ
~���J� �VAXEHKQEHKJ%B\X�U�x�T?HKTDH�·�H�O!PRS�JM�'L

σ = (σt)t∈N

σ0(= x) ∈ [0, 1]
σ1 : [0, 1]2 → {J, N}
σ2n : [0, 1]2n → [0, 1]
σ2n+1 : [0, 1]2n+1 → {J, N}

»¤XEOAHþ 
xMJMN�xWHKT?XYH
τ
~��AJv �V�XYH�QYH�J�^þX�U�x�TDHKT?HK·�HKO¾PRSAJ'�'L

τ = (τt)t∈N

τ0 : [0, 1]→ {J, N}
τ2n : [0, 1]2n+1 → {J, N}
τ2n+1 : [0, 1]2n → [0, 1]

z��eK �|��QR��+±U/¸:¹�)m$iQR�����»º%S%�¼}~��$(���i�� ���)m�
��#Z�O�D)m�
�^Q�`
¦�S

x∗ ∈ [0, 1]
H3¼RX�U�xMXYH�J�x1HKXEOm��N?U�LR���]QEHKX��'LATDH��1XE�'L
x-�gXYx�»¤JMTDH�·AOAX�U

x∗ XEO#¶1S�O�PRH\xh³½xAC¥�O
xMHKJ�PRH�O¾�/H�PRXYO�TDSAOAT?HKO
• σ2n : [0, 1]2n → x∗ -�P;C L;C*B\UM�'LAQ.	�TDx-XE�e�eHKJ x∗ ½DyDJg-
• τ2n+1 : [0, 1]2n → x∗ -�P�C L;C�^gUM�'LAQc	DT�x1XE�g�eH�J x∗ ½?yDJ�C
• σ2n+1(x) = { J x≥x∗

N x<x∗

-AP�C L;C;B�N���¡KH�VRxWXEHKJWx
x ≥ x∗

À



• τ2n(x) = { J x≤x∗

N x>x∗

- P�C L;C�^eND��¡KHKVAxWXEHKJWx
x ≤ x∗

fg�?q��
��	ir�¾¯5l�?�6����c�bd�����@A��b�km@�	��*n�o#���
��p6�����
qe��p6���
0*��J� �VAXEHKQEHKJ�B�X�U�x�PRXEH�UWHþ 
xWJ'N�xMHKT?XYH\PRXEH�·�H�U�xMHi-�PRH�OAO;Z
•
 A�'LAQc	DT�xIHKJ7HKXEO

y∗ > x∗ ½DyDJg-��1XEJMPgPRXEH�UWH�UIOAX��'L
x7N�OAT?HKOAy?�e�gH�O�-�SAO�Pg�rN�OeH�XYOAXET�xUWX��'LmHKJ'U�x�H�XYO�Hþ¶1SAO�PAHþU�V�	�xWH�JvNDSR~
x∗ C�tvXYH�U�H�U��1XEJMP±�WN�·�TDHK¡�XYO�U�x��]SAO�P¹XEU�xvUWyD�eXÿxH�XYO�H%UW�'LAQEH��'L
xMHKJMH]ý��?UWSAOAT�C

•
 A�'LAQc	DT�x1HKJ1H�XYO

y∗ < x∗ ½?yDJg-�XEU�x�PRXEH�U-HKXEOAH%UM�'LAQEH��'L
xWH�JWH\ý��
U�SAO�Tþ~��AJ�XYLAO*C
•
FIH�JWT?Jm��bDH�J�x/HKJ�UWHKXEOAHKOm����¡�HKVRx'N�OA¡�·�H�JWH�XE�'L�-]	DO�PRH�J�x�PRXEH�U-OAX��'L
xMU�ND� »¤JMTDH�·AOAX�UKC

•
FIH�JW��QEHKXEOAHKJWx1HKJ�UWHKXEOAHKOm���
¡�HKVRx'N�OA¡�·�H�JWH�XE�'L�-RHKXEOAXYT?HKO¾U�X��'L¾PRXYHþ RVAXYH�QYH�J1OAXEHDC

0��AJ� �VAXEHKQEHKJ�^eNDO�N�QEyDT�C

⇒
t�XEH�UWH�ý��?UWSAOATeX�U�x�H�XYO¾��N?U�LA�}�]QEHKX��'LATDH��1XE�'L
x�C

¾!57�
������c�bd�����=���	ekm@A	��*n�o#������p6�����
qr��p6����	e@A��b�¿/������	��������|�7�
��bd�
:������
���ir
FIyDJ'N�S�UMU�HKxW¡�SAOATDH�O��� �xWJ'N�xWH�TDXEHKOr�1XEH�yD·�HKO;C

¨©XEJ�·�H3xWJ'ND�'L
xMHKOmPRHKO< �VAXEHKQEHKJv^AC�tvXYH�U�H�J��A·�HKJMQYH�T�xvUWX��'L¾UWHKXEOAH� �xWJ'N�xWH�TDXEH�~��AJ]PRHKOv0�N�QEQe-
PAN?UWU- �VAXEHKQEHKJ]BvPRH�O¯FIy?JMUM�'LAQ�N�T

x = x∗ + ε
�rND�'L
x/�gXYx

ε > 0
z|��QEHKXEO��¤S�O�P

x∗ < 1
C
»7UTDH�L
x1NDQEUWygSA�íPAN?U1�*H�XEUWVAXEHKQ�-A�/HKQ��'LAH�U/·�HKX

x = x∗ + ε
·�HKT?XYO�O?x�C

tvXYH%�vNDUWLR�} �xWJ'N�xWH�TDXEHvH�J�~|y?JMPAHKJWx�Z
τ0(x) = {J ← (x ≤ x∗), N ← (x > x∗)}

·�HKXIPRHK� FIy?JMUM�'LAQ�N�T
x = x∗ + ε

����UWU�xWH
UWXE�'Lm �VAXEHKQEHKJ�^gN�Q�UWy�~���J�PRXYHþ �xWJ'N�xWH�TDXEH��±HKO
xMUM�'LAHKX�PRH�O;C
¨<HKOAO

ε
��QEHKXEO�-�PAN�~���J]ND·�H�J]PRH�J]��·A¡KXEO�UWSAOAT
U�~�ND�?xMyDJ

δ
JWH�QEN�xWXE½#T?JWy�brXEU�xrz�P�C L;C

δ1, δ2 ∈
(0, 1]

��QEHKXEO��V-;��	�JMHeH�U\~���J� �VAXEHKQEHKJ�^#H�XYO�Hr·�H�UWUWHKJMH¿ 
xWJ'N�xMHKTDXEHi-�PRXYH�U�H�O FIyDJ'UW�'LAQ�N�T#¡KS
N���¡�HKVRxMXYH�JWH�O�-
~�N�QEQEU1T?XYQYx�Z
1− (x∗ + ε) > δ2(1− x∗)

z|¡��lH�XÿxMH\¶�SAO�PRH%PRH�U���HKXEQEUWVAXEHKQ�U-�DHKXEOv�vVRxWXE�þSA�¿�
⇒
�lH�UWUWHKJMH� 
xWJ'N�xMHKTDXEHDZ

τ0(x) = {J ← (x ≤ x∗ + ε), N ← (x > x∗ + ε)}tvXYH�Uv�1X�PRH�JMUWVAJMXE�'L
x�N�QEQYH�JMPRXEOAT
UvPRH�J\yD·�HKJMHKO< �xWJ'N�xWH�TDXEHi-�PRXEH�UWH�X�U�x�NDQEUWy¯O�XE�'L
x�XYO:6�H�PAHK�
��HKXEQEUWVAXEHKQ7H�XYO9�vNDUWLR���]QYH�XE�'LAT?HK�1X��'L
x�C* �y?�gXYxþ��N�O�O9PRXYH�U�H# 
xWJ'N�xMHKTDXEHr�DH�XYO<xMHKXEQEUWVAXEHKQEV�H�J��
~|HK�
xMH�U1��N?U�LA�}�]QEHKX��'LATDH��1XE�'L
x1U�H�XYO*C

B/x



z��ej �|��QR��+±U/¬»"�!)m��$�QR��)��t`
{}O!PAHK� ·�H�UM�'LAJMXYH�·�H�OAHKO!FIHKJML�N�O�PAQYSAO�T?UMU�VAXEHKQ�TDXE·Rx-H�U/TDH�O�N�S!HKXEO¯H�XYO�PAHKSRxMXYT?H�UlxWH�XYQ�U�V�XYH�Qÿ�
V�HKJW~|HK�
xWH�U1��NDUWLR���]QYH�XE�'L�TDHK�1X��'L
x/�eXYx�PRHKO#~|y?QYT?HKO�PRH�O¾ �xWJ'N�xWH�TDXEHKO;Z
• σ2n : [0, 1]2n → x∗ -�P;C L;C*B\UM�'LAQ.	�TDx-XE�e�eHKJ x∗ ½DyDJg-
• τ2n+1 : [0, 1]2n → y∗ -�P�C L;C�^gUM�'LAQ.	�T�x1XE�e�gH�J y∗ ½Dy?J�C
• σ2n+1(x) = { J x≥y∗

N x<y∗

-AP;C L;C*B%N���¡KH�VRxWXEHKJWx
x ≥ y∗

• τ2n(x) = { J x≤x∗

N x>x∗

-�P�C L;C�^gN���¡KH�VRxWXEHKJWx
x ≤ x∗

-��ly?·�H�X
x∗ > y∗ �eXÿx x∗ = 1−δ1

1−δ1δ2

-
y∗ = δ1(

1−δ1

1−δ1δ2

)
SAO�P

δ1, δ2 ∈ (0, 1]
z�tvX�U��?yDOR�

xWXEHKJMSAOAT
U�~�ND�
xWyDJ���C
0�NDQYQ�U

δ = δ1 = δ2

P�N�OAO¾TDXEQYx
x∗ = 1

1+δ

-
y∗ = δ

1+δ

BDB


