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Path(s)

Situa+on(s)

Imprecision in Mar.ngale-Theore.c Prequen.al Randomness

<latexit sha1_base64="iOYXlqIuJl6L4kuHS714Rfz8zzI="></latexit>

w 2 {0,1}⇤ :=
[

n2N0

{0,1}n

<latexit sha1_base64="bd6vj+JAE0BAQWTwC0og+Eg1Aa0="></latexit>

w 2 {0,1}N
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<latexit sha1_base64="+bDRsqqTi37n86ZNyvLyGvftEJY=">AAACD3icbZDLSsNAFIZP6q3WW9Slm8EiuCpJ8bYsunFZwV6gDWUynbRDJ5MwMymU0Idw71ZfwZ249RF8Ax/DaRrBtv5w4Oc/53AOnx9zprTjfFmFtfWNza3idmlnd2//wD48aqookYQ2SMQj2faxopwJ2tBMc9qOJcWhz2nLH93N+q0xlYpF4lFPYuqFeCBYwAjWJurZdlcwQgOJSepO0+q01LPLTsXJhFaNm5sy5Kr37O9uPyJJSIUmHCvVcZ1YeymWmhFOp6VuomiMyQgPaMdYgUOqvDT7fIrOTNJHQSRNCY2y9O9GikOlJqFvJkOsh2q5Nwv/63USHdx4KRNxoqkg80NBwpGO0AwD6jNJieYTYzCRzPyKyBAbDNrAWrjyyydD4y6DWDXNasW9qlw+XJRrtzmkIpzAKZyDC9dQg3uoQwMIjOEZXuDVerLerHfrYz5asPKdY1iQ9fkDDGScfw==</latexit>

1/2
<latexit sha1_base64="wvjCjeDEjSEJiJmFdhmPmUxXVKw=">AAACDnicbVDLSsNAFJ34rPXRqEs3wSK4Kon4WhbduKxgH9CGMpnetEMnkzBzo5TQf3DvVn/Bnbj1F/wDP8Npm4VtPXDhcM69nMsJEsE1uu63tbK6tr6xWdgqbu/s7pXs/YOGjlPFoM5iEatWQDUILqGOHAW0EgU0CgQ0g+HtxG8+gtI8lg84SsCPaF/ykDOKRurapY6AEBXvD5AqFT917bJbcadwlomXkzLJUevaP51ezNIIJDJBtW57boJ+RhVyJmBc7KQaEsqGtA9tQyWNQPvZ9PGxc2KUnhPGyoxEZ6r+vchopPUoCsxmRHGgF72J+J/XTjG89jMukxRBsllQmAoHY2fSgtPjChiKkSGUKW5+ddiAKsrQdDWXIjmD0BjjoqnGWyximTTOKt5l5eL+vFy9yUsqkCNyTE6JR65IldyRGqkTRlLyQl7Jm/VsvVsf1udsdcXKbw7JHKyvX3YdnNE=</latexit>$
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Path(s)

Situa+on(s)

Imprecision in Mar.ngale-Theore.c Prequen.al Randomness

<latexit sha1_base64="iOYXlqIuJl6L4kuHS714Rfz8zzI="></latexit>

w 2 {0,1}⇤ :=
[

n2N0

{0,1}n

<latexit sha1_base64="bd6vj+JAE0BAQWTwC0og+Eg1Aa0="></latexit>

w 2 {0,1}N

w

⇤
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<latexit sha1_base64="+bDRsqqTi37n86ZNyvLyGvftEJY=">AAACD3icbZDLSsNAFIZP6q3WW9Slm8EiuCpJ8bYsunFZwV6gDWUynbRDJ5MwMymU0Idw71ZfwZ249RF8Ax/DaRrBtv5w4Oc/53AOnx9zprTjfFmFtfWNza3idmlnd2//wD48aqookYQ2SMQj2faxopwJ2tBMc9qOJcWhz2nLH93N+q0xlYpF4lFPYuqFeCBYwAjWJurZdlcwQgOJSepO0+q01LPLTsXJhFaNm5sy5Kr37O9uPyJJSIUmHCvVcZ1YeymWmhFOp6VuomiMyQgPaMdYgUOqvDT7fIrOTNJHQSRNCY2y9O9GikOlJqFvJkOsh2q5Nwv/63USHdx4KRNxoqkg80NBwpGO0AwD6jNJieYTYzCRzPyKyBAbDNrAWrjyyydD4y6DWDXNasW9qlw+XJRrtzmkIpzAKZyDC9dQg3uoQwMIjOEZXuDVerLerHfrYz5asPKdY1iQ9fkDDGScfw==</latexit>

1/2
<latexit sha1_base64="wvjCjeDEjSEJiJmFdhmPmUxXVKw=">AAACDnicbVDLSsNAFJ34rPXRqEs3wSK4Kon4WhbduKxgH9CGMpnetEMnkzBzo5TQf3DvVn/Bnbj1F/wDP8Npm4VtPXDhcM69nMsJEsE1uu63tbK6tr6xWdgqbu/s7pXs/YOGjlPFoM5iEatWQDUILqGOHAW0EgU0CgQ0g+HtxG8+gtI8lg84SsCPaF/ykDOKRurapY6AEBXvD5AqFT917bJbcadwlomXkzLJUevaP51ezNIIJDJBtW57boJ+RhVyJmBc7KQaEsqGtA9tQyWNQPvZ9PGxc2KUnhPGyoxEZ6r+vchopPUoCsxmRHGgF72J+J/XTjG89jMukxRBsllQmAoHY2fSgtPjChiKkSGUKW5+ddiAKsrQdDWXIjmD0BjjoqnGWyximTTOKt5l5eL+vFy9yUsqkCNyTE6JR65IldyRGqkTRlLyQl7Jm/VsvVsf1udsdcXKbw7JHKyvX3YdnNE=</latexit>$

w

⇤
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<latexit sha1_base64="04dkoGQNoOtrtNPLSjM1mSLrNIM=">AAACCnicbVDLSsNAFL3xWeur6tJNsAiuQiK+lkU3LivYB7ShTKY37dDJJM5MhBL6B+7d6i+4E7f+hH/gZzhtI9jWc7lwOOde7uUECWdKu+6XtbS8srq2Xtgobm5t7+yW9vbrKk4lxRqNeSybAVHImcCaZppjM5FIooBjIxjcjP3GI0rFYnGvhwn6EekJFjJKtJF81/stx3E6pbLruBPYi8TLSRlyVDul73Y3pmmEQlNOlGp5bqL9jEjNKMdRsZ0qTAgdkB62DBUkQuVnk6dH9rFRunYYS9NC2xP170ZGIqWGUWAmI6L7at4bi/95rVSHV37GRJJqFHR6KEy5rWN7nIDdZRKp5kNDCJXM/GrTPpGEapPTzBXBKIbGGBVNNN58EIukfup4F8753Vm5cp2HVIBDOIIT8OASKnALVagBhQd4hhd4tZ6sN+vd+piOLln5zgHMwPr8AV5smKs=</latexit>

0101010101...



Path(s)

Situa+on(s)

Imprecision in Mar.ngale-Theore.c Prequen.al Randomness

<latexit sha1_base64="iOYXlqIuJl6L4kuHS714Rfz8zzI="></latexit>

w 2 {0,1}⇤ :=
[

n2N0

{0,1}n

<latexit sha1_base64="bd6vj+JAE0BAQWTwC0og+Eg1Aa0="></latexit>

w 2 {0,1}N

w
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<latexit sha1_base64="+bDRsqqTi37n86ZNyvLyGvftEJY=">AAACD3icbZDLSsNAFIZP6q3WW9Slm8EiuCpJ8bYsunFZwV6gDWUynbRDJ5MwMymU0Idw71ZfwZ249RF8Ax/DaRrBtv5w4Oc/53AOnx9zprTjfFmFtfWNza3idmlnd2//wD48aqookYQ2SMQj2faxopwJ2tBMc9qOJcWhz2nLH93N+q0xlYpF4lFPYuqFeCBYwAjWJurZdlcwQgOJSepO0+q01LPLTsXJhFaNm5sy5Kr37O9uPyJJSIUmHCvVcZ1YeymWmhFOp6VuomiMyQgPaMdYgUOqvDT7fIrOTNJHQSRNCY2y9O9GikOlJqFvJkOsh2q5Nwv/63USHdx4KRNxoqkg80NBwpGO0AwD6jNJieYTYzCRzPyKyBAbDNrAWrjyyydD4y6DWDXNasW9qlw+XJRrtzmkIpzAKZyDC9dQg3uoQwMIjOEZXuDVerLerHfrYz5asPKdY1iQ9fkDDGScfw==</latexit>

1/2
<latexit sha1_base64="wvjCjeDEjSEJiJmFdhmPmUxXVKw=">AAACDnicbVDLSsNAFJ34rPXRqEs3wSK4Kon4WhbduKxgH9CGMpnetEMnkzBzo5TQf3DvVn/Bnbj1F/wDP8Npm4VtPXDhcM69nMsJEsE1uu63tbK6tr6xWdgqbu/s7pXs/YOGjlPFoM5iEatWQDUILqGOHAW0EgU0CgQ0g+HtxG8+gtI8lg84SsCPaF/ykDOKRurapY6AEBXvD5AqFT917bJbcadwlomXkzLJUevaP51ezNIIJDJBtW57boJ+RhVyJmBc7KQaEsqGtA9tQyWNQPvZ9PGxc2KUnhPGyoxEZ6r+vchopPUoCsxmRHGgF72J+J/XTjG89jMukxRBsllQmAoHY2fSgtPjChiKkSGUKW5+ddiAKsrQdDWXIjmD0BjjoqnGWyximTTOKt5l5eL+vFy9yUsqkCNyTE6JR65IldyRGqkTRlLyQl7Jm/VsvVsf1udsdcXKbw7JHKyvX3YdnNE=</latexit>$

w
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<latexit sha1_base64="f8kS5pxEQlbkvZ5V6voVxFJKzS8=">AAACC3icbVDLSsNAFJ3UV42vqks3wSK4ChnxtSy6cVnBPqCNZTK9aYdOJmFmIpTQT3DvVn/Bnbj1I/wDP8NpmoVtPdwLh3Pu5V5OkHCmtOd9W6WV1bX1jfKmvbW9s7tX2T9oqjiVFBo05rFsB0QBZwIammkO7UQCiQIOrWB0O/VbTyAVi8WDHifgR2QgWMgo0UZ6tLGHvbyw67q9StVzvRzOMsEFqaIC9V7lp9uPaRqB0JQTpTrYS7SfEakZ5TCxu6mChNARGUDHUEEiUH6Wfz1xTozSd8JYmhbaydW/GxmJlBpHgZmMiB6qRW8q/ud1Uh1e+xkTSapB0NmhMOWOjp1pBE6fSaCajw0hVDLzq0OHRBKqTVBzVwSjEBpjYpto8GIQy6R55uJL9+L+vFq7KUIqoyN0jE4RRleohu5QHTUQRRK9oFf0Zj1b79aH9TkbLVnFziGag/X1C5QFmL8=</latexit>

1010010011...



<latexit sha1_base64="eNbaCM9XEwuguVHXgbklV6XZhSo="></latexit>

j : {0,1}⇤ ! [0,1]

<latexit sha1_base64="iOYXlqIuJl6L4kuHS714Rfz8zzI="></latexit>

w 2 {0,1}⇤ :=
[

n2N0

{0,1}n

w

⇤
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Path(s)

Situa+on(s)

Forecas+ng system

<latexit sha1_base64="+bDRsqqTi37n86ZNyvLyGvftEJY=">AAACD3icbZDLSsNAFIZP6q3WW9Slm8EiuCpJ8bYsunFZwV6gDWUynbRDJ5MwMymU0Idw71ZfwZ249RF8Ax/DaRrBtv5w4Oc/53AOnx9zprTjfFmFtfWNza3idmlnd2//wD48aqookYQ2SMQj2faxopwJ2tBMc9qOJcWhz2nLH93N+q0xlYpF4lFPYuqFeCBYwAjWJurZdlcwQgOJSepO0+q01LPLTsXJhFaNm5sy5Kr37O9uPyJJSIUmHCvVcZ1YeymWmhFOp6VuomiMyQgPaMdYgUOqvDT7fIrOTNJHQSRNCY2y9O9GikOlJqFvJkOsh2q5Nwv/63USHdx4KRNxoqkg80NBwpGO0AwD6jNJieYTYzCRzPyKyBAbDNrAWrjyyydD4y6DWDXNasW9qlw+XJRrtzmkIpzAKZyDC9dQg3uoQwMIjOEZXuDVerLerHfrYz5asPKdY1iQ9fkDDGScfw==</latexit>

1/2

<latexit sha1_base64="bd6vj+JAE0BAQWTwC0og+Eg1Aa0="></latexit>

w 2 {0,1}N

<latexit sha1_base64="wvjCjeDEjSEJiJmFdhmPmUxXVKw=">AAACDnicbVDLSsNAFJ34rPXRqEs3wSK4Kon4WhbduKxgH9CGMpnetEMnkzBzo5TQf3DvVn/Bnbj1F/wDP8Npm4VtPXDhcM69nMsJEsE1uu63tbK6tr6xWdgqbu/s7pXs/YOGjlPFoM5iEatWQDUILqGOHAW0EgU0CgQ0g+HtxG8+gtI8lg84SsCPaF/ykDOKRurapY6AEBXvD5AqFT917bJbcadwlomXkzLJUevaP51ezNIIJDJBtW57boJ+RhVyJmBc7KQaEsqGtA9tQyWNQPvZ9PGxc2KUnhPGyoxEZ6r+vchopPUoCsxmRHGgF72J+J/XTjG89jMukxRBsllQmAoHY2fSgtPjChiKkSGUKW5+ddiAKsrQdDWXIjmD0BjjoqnGWyximTTOKt5l5eL+vFy9yUsqkCNyTE6JR65IldyRGqkTRlLyQl7Jm/VsvVsf1udsdcXKbw7JHKyvX3YdnNE=</latexit>$
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<latexit sha1_base64="f8kS5pxEQlbkvZ5V6voVxFJKzS8=">AAACC3icbVDLSsNAFJ3UV42vqks3wSK4ChnxtSy6cVnBPqCNZTK9aYdOJmFmIpTQT3DvVn/Bnbj1I/wDP8NpmoVtPdwLh3Pu5V5OkHCmtOd9W6WV1bX1jfKmvbW9s7tX2T9oqjiVFBo05rFsB0QBZwIammkO7UQCiQIOrWB0O/VbTyAVi8WDHifgR2QgWMgo0UZ6tLGHvbyw67q9StVzvRzOMsEFqaIC9V7lp9uPaRqB0JQTpTrYS7SfEakZ5TCxu6mChNARGUDHUEEiUH6Wfz1xTozSd8JYmhbaydW/GxmJlBpHgZmMiB6qRW8q/ud1Uh1e+xkTSapB0NmhMOWOjp1pBE6fSaCajw0hVDLzq0OHRBKqTVBzVwSjEBpjYpto8GIQy6R55uJL9+L+vFq7KUIqoyN0jE4RRleohu5QHTUQRRK9oFf0Zj1b79aH9TkbLVnFziGag/X1C5QFmL8=</latexit>

1010010011...

Imprecision in Mar.ngale-Theore.c Prequen.al Randomness



<latexit sha1_base64="eNbaCM9XEwuguVHXgbklV6XZhSo="></latexit>

j : {0,1}⇤ ! [0,1]

Imprecision in Mar.ngale-Theore.c Prequen.al Randomness

<latexit sha1_base64="iOYXlqIuJl6L4kuHS714Rfz8zzI="></latexit>

w 2 {0,1}⇤ :=
[

n2N0

{0,1}n

w

⇤

0

00
000

001

01
010

011

1

10
100

101

11
110

111
Path(s)

Situa+on(s)

Forecas+ng system

<latexit sha1_base64="+bDRsqqTi37n86ZNyvLyGvftEJY=">AAACD3icbZDLSsNAFIZP6q3WW9Slm8EiuCpJ8bYsunFZwV6gDWUynbRDJ5MwMymU0Idw71ZfwZ249RF8Ax/DaRrBtv5w4Oc/53AOnx9zprTjfFmFtfWNza3idmlnd2//wD48aqookYQ2SMQj2faxopwJ2tBMc9qOJcWhz2nLH93N+q0xlYpF4lFPYuqFeCBYwAjWJurZdlcwQgOJSepO0+q01LPLTsXJhFaNm5sy5Kr37O9uPyJJSIUmHCvVcZ1YeymWmhFOp6VuomiMyQgPaMdYgUOqvDT7fIrOTNJHQSRNCY2y9O9GikOlJqFvJkOsh2q5Nwv/63USHdx4KRNxoqkg80NBwpGO0AwD6jNJieYTYzCRzPyKyBAbDNrAWrjyyydD4y6DWDXNasW9qlw+XJRrtzmkIpzAKZyDC9dQg3uoQwMIjOEZXuDVerLerHfrYz5asPKdY1iQ9fkDDGScfw==</latexit>

1/2

<latexit sha1_base64="bd6vj+JAE0BAQWTwC0og+Eg1Aa0="></latexit>

w 2 {0,1}N

<latexit sha1_base64="wvjCjeDEjSEJiJmFdhmPmUxXVKw=">AAACDnicbVDLSsNAFJ34rPXRqEs3wSK4Kon4WhbduKxgH9CGMpnetEMnkzBzo5TQf3DvVn/Bnbj1F/wDP8Npm4VtPXDhcM69nMsJEsE1uu63tbK6tr6xWdgqbu/s7pXs/YOGjlPFoM5iEatWQDUILqGOHAW0EgU0CgQ0g+HtxG8+gtI8lg84SsCPaF/ykDOKRurapY6AEBXvD5AqFT917bJbcadwlomXkzLJUevaP51ezNIIJDJBtW57boJ+RhVyJmBc7KQaEsqGtA9tQyWNQPvZ9PGxc2KUnhPGyoxEZ6r+vchopPUoCsxmRHGgF72J+J/XTjG89jMukxRBsllQmAoHY2fSgtPjChiKkSGUKW5+ddiAKsrQdDWXIjmD0BjjoqnGWyximTTOKt5l5eL+vFy9yUsqkCNyTE6JR65IldyRGqkTRlLyQl7Jm/VsvVsf1udsdcXKbw7JHKyvX3YdnNE=</latexit>$

w

⇤

0

00
000

001

01
010

011

1

10
100

101

11
110

111

1/2

1/2

1/2

1/2

1/2

1/2

1/2

<latexit sha1_base64="f8kS5pxEQlbkvZ5V6voVxFJKzS8=">AAACC3icbVDLSsNAFJ3UV42vqks3wSK4ChnxtSy6cVnBPqCNZTK9aYdOJmFmIpTQT3DvVn/Bnbj1I/wDP8NpmoVtPdwLh3Pu5V5OkHCmtOd9W6WV1bX1jfKmvbW9s7tX2T9oqjiVFBo05rFsB0QBZwIammkO7UQCiQIOrWB0O/VbTyAVi8WDHifgR2QgWMgo0UZ6tLGHvbyw67q9StVzvRzOMsEFqaIC9V7lp9uPaRqB0JQTpTrYS7SfEakZ5TCxu6mChNARGUDHUEEiUH6Wfz1xTozSd8JYmhbaydW/GxmJlBpHgZmMiB6qRW8q/ud1Uh1e+xkTSapB0NmhMOWOjp1pBE6fSaCajw0hVDLzq0OHRBKqTVBzVwSjEBpjYpto8GIQy6R55uJL9+L+vFq7KUIqoyN0jE4RRleohu5QHTUQRRK9oFf0Zj1b79aH9TkbLVnFziGag/X1C5QFmL8=</latexit>
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w

⇤
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<latexit sha1_base64="eNbaCM9XEwuguVHXgbklV6XZhSo="></latexit>

j : {0,1}⇤ ! [0,1]

Path(s)

Situa+on(s)

Forecas+ng system w

⇤
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j(⇤)

j(0)

j(1)
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j(01)
<latexit sha1_base64="+bDRsqqTi37n86ZNyvLyGvftEJY=">AAACD3icbZDLSsNAFIZP6q3WW9Slm8EiuCpJ8bYsunFZwV6gDWUynbRDJ5MwMymU0Idw71ZfwZ249RF8Ax/DaRrBtv5w4Oc/53AOnx9zprTjfFmFtfWNza3idmlnd2//wD48aqookYQ2SMQj2faxopwJ2tBMc9qOJcWhz2nLH93N+q0xlYpF4lFPYuqFeCBYwAjWJurZdlcwQgOJSepO0+q01LPLTsXJhFaNm5sy5Kr37O9uPyJJSIUmHCvVcZ1YeymWmhFOp6VuomiMyQgPaMdYgUOqvDT7fIrOTNJHQSRNCY2y9O9GikOlJqFvJkOsh2q5Nwv/63USHdx4KRNxoqkg80NBwpGO0AwD6jNJieYTYzCRzPyKyBAbDNrAWrjyyydD4y6DWDXNasW9qlw+XJRrtzmkIpzAKZyDC9dQg3uoQwMIjOEZXuDVerLerHfrYz5asPKdY1iQ9fkDDGScfw==</latexit>

1/2
<latexit sha1_base64="wvjCjeDEjSEJiJmFdhmPmUxXVKw=">AAACDnicbVDLSsNAFJ34rPXRqEs3wSK4Kon4WhbduKxgH9CGMpnetEMnkzBzo5TQf3DvVn/Bnbj1F/wDP8Npm4VtPXDhcM69nMsJEsE1uu63tbK6tr6xWdgqbu/s7pXs/YOGjlPFoM5iEatWQDUILqGOHAW0EgU0CgQ0g+HtxG8+gtI8lg84SsCPaF/ykDOKRurapY6AEBXvD5AqFT917bJbcadwlomXkzLJUevaP51ezNIIJDJBtW57boJ+RhVyJmBc7KQaEsqGtA9tQyWNQPvZ9PGxc2KUnhPGyoxEZ6r+vchopPUoCsxmRHGgF72J+J/XTjG89jMukxRBsllQmAoHY2fSgtPjChiKkSGUKW5+ddiAKsrQdDWXIjmD0BjjoqnGWyximTTOKt5l5eL+vFy9yUsqkCNyTE6JR65IldyRGqkTRlLyQl7Jm/VsvVsf1udsdcXKbw7JHKyvX3YdnNE=</latexit>$

<latexit sha1_base64="f8kS5pxEQlbkvZ5V6voVxFJKzS8=">AAACC3icbVDLSsNAFJ3UV42vqks3wSK4ChnxtSy6cVnBPqCNZTK9aYdOJmFmIpTQT3DvVn/Bnbj1I/wDP8NpmoVtPdwLh3Pu5V5OkHCmtOd9W6WV1bX1jfKmvbW9s7tX2T9oqjiVFBo05rFsB0QBZwIammkO7UQCiQIOrWB0O/VbTyAVi8WDHifgR2QgWMgo0UZ6tLGHvbyw67q9StVzvRzOMsEFqaIC9V7lp9uPaRqB0JQTpTrYS7SfEakZ5TCxu6mChNARGUDHUEEiUH6Wfz1xTozSd8JYmhbaydW/GxmJlBpHgZmMiB6qRW8q/ud1Uh1e+xkTSapB0NmhMOWOjp1pBE6fSaCajw0hVDLzq0OHRBKqTVBzVwSjEBpjYpto8GIQy6R55uJL9+L+vFq7KUIqoyN0jE4RRleohu5QHTUQRRK9oFf0Zj1b79aH9TkbLVnFziGag/X1C5QFmL8=</latexit>

1010010011...

<latexit sha1_base64="iOYXlqIuJl6L4kuHS714Rfz8zzI="></latexit>

w 2 {0,1}⇤ :=
[

n2N0

{0,1}n

<latexit sha1_base64="bd6vj+JAE0BAQWTwC0og+Eg1Aa0="></latexit>

w 2 {0,1}N

Imprecision in Mar.ngale-Theore.c Prequen.al Randomness
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w

⇤
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<latexit sha1_base64="eNbaCM9XEwuguVHXgbklV6XZhSo="></latexit>

j : {0,1}⇤ ! [0,1]

<latexit sha1_base64="QHTk8MTozaVmyMT7jAxhyl2KMfU=">AAACUHicdVDLSgMxFL1TX7U+WnXpZrAIuikz4mspurG7ClYFO5RMmtpgHkNyRyxDv8St/pA7/8SdZtoKOsUDIYdzb869OXEiuMUg+PBKc/MLi0vl5crK6tp6tbaxeWN1aihrUy20uYuJZYIr1kaOgt0lhhEZC3YbP17k9dsnZizX6hqHCYskeVC8zylBJ3Vr1WaHq44kOKBEZM1Rt1YPGsEY/iwJp6QOU7S6G95+p6dpKplCKoi192GQYJQRg5wKNqp0UssSQh/JA7t3VBHJbJSNNx/5u07p+X1t3FHoj9XfLzIirR3K2HXmO9piLRf/q+WOtjAf+6dRxlWSIlN0Mr6fCh+1n4fj97hhFMXQEUINdz/w6YAYQtFFWPTHgfzjnuVboNbCzsoJyudRxYUbFqOcJTcHjfC4cXR1WD87n8Zchm3YgT0I4QTO4BJa0AYKKbzAK7x5796n91XyJq0/N2zBH5Qq35nKtXA=</latexit>

I 2 I

Path(s)

Situa+on(s)

Forecas+ng system

Interval forecast(s)

w

⇤
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111

j(⇤)

j(0)

j(1)

j(00)

j(11)

j(10)

j(01)
<latexit sha1_base64="+bDRsqqTi37n86ZNyvLyGvftEJY=">AAACD3icbZDLSsNAFIZP6q3WW9Slm8EiuCpJ8bYsunFZwV6gDWUynbRDJ5MwMymU0Idw71ZfwZ249RF8Ax/DaRrBtv5w4Oc/53AOnx9zprTjfFmFtfWNza3idmlnd2//wD48aqookYQ2SMQj2faxopwJ2tBMc9qOJcWhz2nLH93N+q0xlYpF4lFPYuqFeCBYwAjWJurZdlcwQgOJSepO0+q01LPLTsXJhFaNm5sy5Kr37O9uPyJJSIUmHCvVcZ1YeymWmhFOp6VuomiMyQgPaMdYgUOqvDT7fIrOTNJHQSRNCY2y9O9GikOlJqFvJkOsh2q5Nwv/63USHdx4KRNxoqkg80NBwpGO0AwD6jNJieYTYzCRzPyKyBAbDNrAWrjyyydD4y6DWDXNasW9qlw+XJRrtzmkIpzAKZyDC9dQg3uoQwMIjOEZXuDVerLerHfrYz5asPKdY1iQ9fkDDGScfw==</latexit>

1/2
<latexit sha1_base64="wvjCjeDEjSEJiJmFdhmPmUxXVKw=">AAACDnicbVDLSsNAFJ34rPXRqEs3wSK4Kon4WhbduKxgH9CGMpnetEMnkzBzo5TQf3DvVn/Bnbj1F/wDP8Npm4VtPXDhcM69nMsJEsE1uu63tbK6tr6xWdgqbu/s7pXs/YOGjlPFoM5iEatWQDUILqGOHAW0EgU0CgQ0g+HtxG8+gtI8lg84SsCPaF/ykDOKRurapY6AEBXvD5AqFT917bJbcadwlomXkzLJUevaP51ezNIIJDJBtW57boJ+RhVyJmBc7KQaEsqGtA9tQyWNQPvZ9PGxc2KUnhPGyoxEZ6r+vchopPUoCsxmRHGgF72J+J/XTjG89jMukxRBsllQmAoHY2fSgtPjChiKkSGUKW5+ddiAKsrQdDWXIjmD0BjjoqnGWyximTTOKt5l5eL+vFy9yUsqkCNyTE6JR65IldyRGqkTRlLyQl7Jm/VsvVsf1udsdcXKbw7JHKyvX3YdnNE=</latexit>$

<latexit sha1_base64="J97Skp7Hmyf9cTdXpEjTK8MQkaw=">AAACSnicdVDLSsNAFJ3UqrW+Wl26CRZBNyURX8uiG91VsA9oQ5lMp+3QmUyYuRFLyGe41R/yB/wNd+LGSZuFTfHAwOGc+5rjh5xpcJxPq7BWXN/YLG2Vt3d29/Yr1YO2lpEitEUkl6rrY005C2gLGHDaDRXFwue040/vUr/zTJVmMniCWUg9gccBGzGCwUi9vsAwIZjHD8mgUnPqzhz2KnEzUkMZmoOqddYfShIJGgDhWOue64TgxVgBI5wm5X6kaYjJFI9pz9AAC6q9eH5zYp8YZWiPpDIvAHuu/u2IsdB6JnxTmd6o814q/uelE3VuP4xuvJgFYQQ0IIv1o4jbIO00FnvIFCXAZ4Zgopj5gU0mWGECJrz8fJiIpelxegVIyfWqHIJ4ScomXDcf5Sppn9fdq/rl40WtcZvFXEJH6BidIhddowa6R03UQgRJ9Ire0Lv1YX1Z39bPorRgZT2HaAmF4i/N47Sa</latexit>

I

<latexit sha1_base64="f8kS5pxEQlbkvZ5V6voVxFJKzS8=">AAACC3icbVDLSsNAFJ3UV42vqks3wSK4ChnxtSy6cVnBPqCNZTK9aYdOJmFmIpTQT3DvVn/Bnbj1I/wDP8NpmoVtPdwLh3Pu5V5OkHCmtOd9W6WV1bX1jfKmvbW9s7tX2T9oqjiVFBo05rFsB0QBZwIammkO7UQCiQIOrWB0O/VbTyAVi8WDHifgR2QgWMgo0UZ6tLGHvbyw67q9StVzvRzOMsEFqaIC9V7lp9uPaRqB0JQTpTrYS7SfEakZ5TCxu6mChNARGUDHUEEiUH6Wfz1xTozSd8JYmhbaydW/GxmJlBpHgZmMiB6qRW8q/ud1Uh1e+xkTSapB0NmhMOWOjp1pBE6fSaCajw0hVDLzq0OHRBKqTVBzVwSjEBpjYpto8GIQy6R55uJL9+L+vFq7KUIqoyN0jE4RRleohu5QHTUQRRK9oFf0Zj1b79aH9TkbLVnFziGag/X1C5QFmL8=</latexit>

1010010011...

<latexit sha1_base64="iOYXlqIuJl6L4kuHS714Rfz8zzI="></latexit>

w 2 {0,1}⇤ :=
[

n2N0

{0,1}n

<latexit sha1_base64="bd6vj+JAE0BAQWTwC0og+Eg1Aa0="></latexit>

w 2 {0,1}N
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Imprecision in Mar.ngale-Theore.c Prequen.al Randomness

Betting strategies
A real-valued map T : {0,1}⇤ ! R is called a test supermartin-
gale for a forecasting system j if
i) T (⇤) = 1,
ii) T (w) � 0 for all w 2 {0,1}⇤,
iii) Ej(w)(T (w ·))  T (w) for all w 2 {0,1}⇤.

<latexit sha1_base64="uZPJwSEu/1bfvxiMYh5fqu4jYUw=">AAACH3icbVC7TsNAEDzzJrwMlBSciJCoIhvxKhE0lEEiBCmOovVlnZxy9ll366AoSsmHUNPCN9Ah2nwCf4EdUvAaaaXRzO7t7YSpkpY8b+zMzM7NLywuLZdWVtfWN9zNrVurMyOwJrTS5i4Ei0omWCNJCu9SgxCHCuth77Lw6300VurkhgYpNmPoJDKSAiiXWu5uoGPsAA8URmRkp0tgjL7nQR9M2pWlllv2Kt4E/C/xp6TMpqi23I+grUUWY0JCgbUN30upOQRDUigclYLMYgqiBx1s5DSBGG1zODlkxPdzpc0jbfJKiE/U7xNDiK0dxGHeGQN17W+vEP/zGhlFZ82hTNKMMBFfi6JMcdK8SIW3pUFBapATEEbmf+WiCwYE5dn92FK8TVorOyqy8X8n8ZfcHlb8k8rx9VH5/GKa0hLbYXvsgPnslJ2zK1ZlNSbYA3tiz+zFeXRenTfn/at1xpnObLMfcMafKQOjrA==</latexit>

! $ '
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⇤
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⇤
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⇤
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j(⇤)

j(0)
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j(00)

j(11)
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j(01)

Definition
A path w 2 {0,1}N is Martin-Löf random for a forecasting sys-
tem j if limsupn!+• T (w1, . . . ,wn) < +• for all lower semicom-
putable test supermartingales T for j.
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<latexit sha1_base64="+bDRsqqTi37n86ZNyvLyGvftEJY=">AAACD3icbZDLSsNAFIZP6q3WW9Slm8EiuCpJ8bYsunFZwV6gDWUynbRDJ5MwMymU0Idw71ZfwZ249RF8Ax/DaRrBtv5w4Oc/53AOnx9zprTjfFmFtfWNza3idmlnd2//wD48aqookYQ2SMQj2faxopwJ2tBMc9qOJcWhz2nLH93N+q0xlYpF4lFPYuqFeCBYwAjWJurZdlcwQgOJSepO0+q01LPLTsXJhFaNm5sy5Kr37O9uPyJJSIUmHCvVcZ1YeymWmhFOp6VuomiMyQgPaMdYgUOqvDT7fIrOTNJHQSRNCY2y9O9GikOlJqFvJkOsh2q5Nwv/63USHdx4KRNxoqkg80NBwpGO0AwD6jNJieYTYzCRzPyKyBAbDNrAWrjyyydD4y6DWDXNasW9qlw+XJRrtzmkIpzAKZyDC9dQg3uoQwMIjOEZXuDVerLerHfrYz5asPKdY1iQ9fkDDGScfw==</latexit>

1/2
<latexit sha1_base64="wvjCjeDEjSEJiJmFdhmPmUxXVKw=">AAACDnicbVDLSsNAFJ34rPXRqEs3wSK4Kon4WhbduKxgH9CGMpnetEMnkzBzo5TQf3DvVn/Bnbj1F/wDP8Npm4VtPXDhcM69nMsJEsE1uu63tbK6tr6xWdgqbu/s7pXs/YOGjlPFoM5iEatWQDUILqGOHAW0EgU0CgQ0g+HtxG8+gtI8lg84SsCPaF/ykDOKRurapY6AEBXvD5AqFT917bJbcadwlomXkzLJUevaP51ezNIIJDJBtW57boJ+RhVyJmBc7KQaEsqGtA9tQyWNQPvZ9PGxc2KUnhPGyoxEZ6r+vchopPUoCsxmRHGgF72J+J/XTjG89jMukxRBsllQmAoHY2fSgtPjChiKkSGUKW5+ddiAKsrQdDWXIjmD0BjjoqnGWyximTTOKt5l5eL+vFy9yUsqkCNyTE6JR65IldyRGqkTRlLyQl7Jm/VsvVsf1udsdcXKbw7JHKyvX3YdnNE=</latexit>$

w

⇤
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j(⇤)

j(0)
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j(00)

j(11)
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j(01)

<latexit sha1_base64="6qzdlBMXFbnJbA9Rb1nuykydGzY=">AAACD3icbVC7TsMwFHXKq5RHA4wsERUSA6oSxGusYGEsEn1ITVQ5jtNadexgO0hVlI9gZoVvYEOsfAKfwF/gpBloy5FsHZ1zXzp+TIlUtv1tVFZW19Y3qpu1re2d3bq5t9+VPBEIdxCnXPR9KDElDHcUURT3Y4Fh5FPc8ye3ud97wkISzh7UNMZeBEeMhARBpaWhWXdT9zGBwWnxu9nQbNhNu4C1TJySNECJ9tD8cQOOkggzhSiUcuDYsfJSKBRBFGc1N5E4hmgCR3igKYMRll5aHJ5Zx1oJrJAL/ZiyCvVvRwojKaeRrysjqMZy0cvF/7xBosJrLyUsThRmaLYoTKiluJWnYAVEYKToVBOIBNG3WmgMBURKZzW3JZ+tOKcyq+lsnMUklkn3rOlcNi/uzxutmzKlKjgER+AEOOAKtMAdaIMOQCABL+AVvBnPxrvxYXzOSitG2XMA5mB8/QKt350R</latexit>

{ , }🌞🌧
?? ?

day n1 2 3 4

I1 I2 I3 . . .🌞 🌧 🌞
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<latexit sha1_base64="+bDRsqqTi37n86ZNyvLyGvftEJY=">AAACD3icbZDLSsNAFIZP6q3WW9Slm8EiuCpJ8bYsunFZwV6gDWUynbRDJ5MwMymU0Idw71ZfwZ249RF8Ax/DaRrBtv5w4Oc/53AOnx9zprTjfFmFtfWNza3idmlnd2//wD48aqookYQ2SMQj2faxopwJ2tBMc9qOJcWhz2nLH93N+q0xlYpF4lFPYuqFeCBYwAjWJurZdlcwQgOJSepO0+q01LPLTsXJhFaNm5sy5Kr37O9uPyJJSIUmHCvVcZ1YeymWmhFOp6VuomiMyQgPaMdYgUOqvDT7fIrOTNJHQSRNCY2y9O9GikOlJqFvJkOsh2q5Nwv/63USHdx4KRNxoqkg80NBwpGO0AwD6jNJieYTYzCRzPyKyBAbDNrAWrjyyydD4y6DWDXNasW9qlw+XJRrtzmkIpzAKZyDC9dQg3uoQwMIjOEZXuDVerLerHfrYz5asPKdY1iQ9fkDDGScfw==</latexit>

1/2
<latexit sha1_base64="wvjCjeDEjSEJiJmFdhmPmUxXVKw=">AAACDnicbVDLSsNAFJ34rPXRqEs3wSK4Kon4WhbduKxgH9CGMpnetEMnkzBzo5TQf3DvVn/Bnbj1F/wDP8Npm4VtPXDhcM69nMsJEsE1uu63tbK6tr6xWdgqbu/s7pXs/YOGjlPFoM5iEatWQDUILqGOHAW0EgU0CgQ0g+HtxG8+gtI8lg84SsCPaF/ykDOKRurapY6AEBXvD5AqFT917bJbcadwlomXkzLJUevaP51ezNIIJDJBtW57boJ+RhVyJmBc7KQaEsqGtA9tQyWNQPvZ9PGxc2KUnhPGyoxEZ6r+vchopPUoCsxmRHGgF72J+J/XTjG89jMukxRBsllQmAoHY2fSgtPjChiKkSGUKW5+ddiAKsrQdDWXIjmD0BjjoqnGWyximTTOKt5l5eL+vFy9yUsqkCNyTE6JR65IldyRGqkTRlLyQl7Jm/VsvVsf1udsdcXKbw7JHKyvX3YdnNE=</latexit>$

w

⇤
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j(⇤)

j(0)

j(1)

j(00)

j(11)

j(10)

j(01)

<latexit sha1_base64="6qzdlBMXFbnJbA9Rb1nuykydGzY=">AAACD3icbVC7TsMwFHXKq5RHA4wsERUSA6oSxGusYGEsEn1ITVQ5jtNadexgO0hVlI9gZoVvYEOsfAKfwF/gpBloy5FsHZ1zXzp+TIlUtv1tVFZW19Y3qpu1re2d3bq5t9+VPBEIdxCnXPR9KDElDHcUURT3Y4Fh5FPc8ye3ud97wkISzh7UNMZeBEeMhARBpaWhWXdT9zGBwWnxu9nQbNhNu4C1TJySNECJ9tD8cQOOkggzhSiUcuDYsfJSKBRBFGc1N5E4hmgCR3igKYMRll5aHJ5Zx1oJrJAL/ZiyCvVvRwojKaeRrysjqMZy0cvF/7xBosJrLyUsThRmaLYoTKiluJWnYAVEYKToVBOIBNG3WmgMBURKZzW3JZ+tOKcyq+lsnMUklkn3rOlcNi/uzxutmzKlKjgER+AEOOAKtMAdaIMOQCABL+AVvBnPxrvxYXzOSitG2XMA5mB8/QKt350R</latexit>

{ , }🌞🌧
?? ?

day n1 2 3 4

I1 I2 I3 . . .🌞 🌧 🌞
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<latexit sha1_base64="+bDRsqqTi37n86ZNyvLyGvftEJY=">AAACD3icbZDLSsNAFIZP6q3WW9Slm8EiuCpJ8bYsunFZwV6gDWUynbRDJ5MwMymU0Idw71ZfwZ249RF8Ax/DaRrBtv5w4Oc/53AOnx9zprTjfFmFtfWNza3idmlnd2//wD48aqookYQ2SMQj2faxopwJ2tBMc9qOJcWhz2nLH93N+q0xlYpF4lFPYuqFeCBYwAjWJurZdlcwQgOJSepO0+q01LPLTsXJhFaNm5sy5Kr37O9uPyJJSIUmHCvVcZ1YeymWmhFOp6VuomiMyQgPaMdYgUOqvDT7fIrOTNJHQSRNCY2y9O9GikOlJqFvJkOsh2q5Nwv/63USHdx4KRNxoqkg80NBwpGO0AwD6jNJieYTYzCRzPyKyBAbDNrAWrjyyydD4y6DWDXNasW9qlw+XJRrtzmkIpzAKZyDC9dQg3uoQwMIjOEZXuDVerLerHfrYz5asPKdY1iQ9fkDDGScfw==</latexit>

1/2
<latexit sha1_base64="wvjCjeDEjSEJiJmFdhmPmUxXVKw=">AAACDnicbVDLSsNAFJ34rPXRqEs3wSK4Kon4WhbduKxgH9CGMpnetEMnkzBzo5TQf3DvVn/Bnbj1F/wDP8Npm4VtPXDhcM69nMsJEsE1uu63tbK6tr6xWdgqbu/s7pXs/YOGjlPFoM5iEatWQDUILqGOHAW0EgU0CgQ0g+HtxG8+gtI8lg84SsCPaF/ykDOKRurapY6AEBXvD5AqFT917bJbcadwlomXkzLJUevaP51ezNIIJDJBtW57boJ+RhVyJmBc7KQaEsqGtA9tQyWNQPvZ9PGxc2KUnhPGyoxEZ6r+vchopPUoCsxmRHGgF72J+J/XTjG89jMukxRBsllQmAoHY2fSgtPjChiKkSGUKW5+ddiAKsrQdDWXIjmD0BjjoqnGWyximTTOKt5l5eL+vFy9yUsqkCNyTE6JR65IldyRGqkTRlLyQl7Jm/VsvVsf1udsdcXKbw7JHKyvX3YdnNE=</latexit>$

w

⇤
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j(⇤)

j(0)

j(1)

j(00)

j(11)

j(10)

j(01)

<latexit sha1_base64="6qzdlBMXFbnJbA9Rb1nuykydGzY=">AAACD3icbVC7TsMwFHXKq5RHA4wsERUSA6oSxGusYGEsEn1ITVQ5jtNadexgO0hVlI9gZoVvYEOsfAKfwF/gpBloy5FsHZ1zXzp+TIlUtv1tVFZW19Y3qpu1re2d3bq5t9+VPBEIdxCnXPR9KDElDHcUURT3Y4Fh5FPc8ye3ud97wkISzh7UNMZeBEeMhARBpaWhWXdT9zGBwWnxu9nQbNhNu4C1TJySNECJ9tD8cQOOkggzhSiUcuDYsfJSKBRBFGc1N5E4hmgCR3igKYMRll5aHJ5Zx1oJrJAL/ZiyCvVvRwojKaeRrysjqMZy0cvF/7xBosJrLyUsThRmaLYoTKiluJWnYAVEYKToVBOIBNG3WmgMBURKZzW3JZ+tOKcyq+lsnMUklkn3rOlcNi/uzxutmzKlKjgER+AEOOAKtMAdaIMOQCABL+AVvBnPxrvxYXzOSitG2XMA5mB8/QKt350R</latexit>

{ , }🌞🌧
?? ?

day n1 2 3 4

I1 I2 I3 . . .🌞 🌧 🌞

Preq. path(s)

Preq. situa+on(s)

<latexit sha1_base64="EVsd8lDlWMLri8K6aNoV8HO8dBE="></latexit>

(I1,!1, I2,!2, . . . ) 2 (Ir ⇥ {0, 1})N

<latexit sha1_base64="N/qyjcuhmigjskdtQELq57YAvys="></latexit>

(I1,!1, . . . , In,!n) 2 (Ir ⇥ {0, 1})⇤



Betting strategies
A real-valued map F : (Ir⇥{0,1})⇤ ! R is called a test super-
farthingale if
i) F(⇤) = 1,
ii) F(I1,w1, . . . , In,wn) � 0 for all (I1,w1, . . . , In,wn) 2 (Ir⇥{0,1})⇤,
iii) EIr(F(I1,w1, . . . , In,wn, Ir, ·))  F(I1,w1, . . . , In,wn) for all

(I1,w1, . . . , In,wn) 2 (Ir⇥{0,1})⇤ and Ir 2 Ir.
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I1 I2 I3w1 w2 w3 . . .

Imprecision in Mar.ngale-Theore.c Prequen.al Randomness

Betting strategies
A real-valued map T : {0,1}⇤ ! R is called a test supermartin-
gale for a forecasting system j if
i) T (⇤) = 1,
ii) T (w) � 0 for all w 2 {0,1}⇤,
iii) Ej(w)(T (w ·))  T (w) for all w 2 {0,1}⇤.

w

⇤

0

00
000

001

01
010

011

1

10
100

101

11
110

111

j(⇤)

j(0)

j(1)

j(00)

j(11)

j(10)

j(01)

Definition
A path w 2 {0,1}N is Martin-Löf random for a forecasting sys-
tem j if limsupn!+• T (w1, . . . ,wn) < +• for all lower semicom-
putable test supermartingales T for j.

Definition
We call a sequence (I1,w1, I2,w2, . . .) 2 (Ir⇥{0,1})N of rational
forecasts and outcomes game-random if it’s non-degenerate
and if limsupn!+• F(I1,w1, . . . , In,wn)<+• for all lower semicom-
putable test superfarthingales F .
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Definition
A path w 2 {0,1}N is Martin-Löf random for a forecasting sys-
tem j if limsupn!+• T (w1, . . . ,wn) < +• for all lower semicom-
putable test supermartingales T for j.

Betting strategies
A real-valued map F : (Ir⇥{0,1})⇤ ! R is called a test super-
farthingale if
i) F(⇤) = 1,
ii) F(I1,w1, . . . , In,wn) � 0 for all (I1,w1, . . . , In,wn) 2 (Ir⇥{0,1})⇤,
iii) EIr(F(I1,w1, . . . , In,wn, Ir, ·))  F(I1,w1, . . . , In,wn) for all
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Rational restriction
For every non-degenerate computable forecasting system
j there’s a recursive rational forecasting system jr such
that a path w 2 {0,1}N is Martin-Löf random for j if and
only if it’s Martin-Löf random for jr.

Definition
We call a sequence (I1,w1, I2,w2, . . .) 2 (Ir⇥{0,1})N of rational
forecasts and outcomes game-random if it’s non-degenerate
and if limsupn!+• F(I1,w1, . . . , In,wn)<+• for all lower semicom-
putable test superfarthingales F .
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compatible if (8n 2 N0)'r(!1, . . . ,!n) = In+1
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Martin-Löf ‘=’ Prequential
Consider any non-degenerate recursive rational forecast-
ing system jr. Then any path w 2 {0,1}N is Martin-
Löf random for jr if and only if the prequential path
(jr(⇤),w1,jr(w1),w2, . . . ) 2 (Ir⇥{0,1})N is game-random.

compa+ble if




