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AI sandboxing   

Scenario:  

• A given AI system needs testing before deployment 

• There is a model of the world available for sandboxing 

• The model allows to estimate probabilities

Perception

EnvironmentAgent

Action
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AI sandboxing   

Scenario:  

Reasons to do better: 

• A given AI system needs testing before deployment 

• There is a model of the world available for sandboxing 

• The model allows to estimate probabilities

• The model may be too detailed (e.g. a physical model of the whole planet) 

• Agent may not “see” some resolution (e.g. classical agents cannot see quantum) 

• The agent may only interact with a corner of the world (e.g. a bacteria)
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Thought experiment: Brain in a Vat 

How can one distinguish between reality and a simulation? 

• Plato’s allegory of the cave, The Republic, (~375 BC) 
• Zhuangzi’s dream of being a butterfly (circa 476-221 BC)

• Decartes’ evil demon, Meditations (1641) 
• Hilary Putnam, Brains in a vat (1981) 
• Etc etc…
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Thought experiment: Brain in a Vat 

How can one distinguish between reality and a simulation? 

Key insight (“AI in a vat” approach): 
          —> Forget about the world, and focus on how inputs turn into outputs (the interface) 
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Thought experiment: Brain in a Vat 

How can one distinguish between reality and a simulation? 

Key insight (“AI in a vat” approach): 
          —> Forget about the world, and focus on how inputs turn into outputs (the interface) 

How can we best simulate an interface? (computational goal) 

Can we characterise what can be learned through it? (epistemic goal) 
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Summary of results: possible world models 

World models can be optimised for two purposes: 

Computational efficiency 

Interpretability: forward and backward 
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Formal foundations 

The interface of an agent                     is a collection of conditional distributions                     
turning sequences  of actions into outcomes, satisfying                                               . 

<latexit sha1_base64="VqAPaJEVLmZ7bsVb+Mtc+i7ldDE=">AAACD3icbZC9TsMwFIWd8lfKX4CBgcWiQipLlSAQFVMlFsYi0VKpjSLHdVurthPZDlIU8hA8AyvMbIiVR2DkTXDaDLTlSJY+nXuv7vUJIkaVdpxvq7Syura+Ud6sbG3v7O7Z+wcdFcYSkzYOWSi7AVKEUUHammpGupEkiAeMPASTm7z+8EikoqG410lEPI5Ggg4pRtpYvn0U1foBh4mfXuvsKUdkMDvz7apTd6aCy+AWUAWFWr790x+EOOZEaMyQUj3XibSXIqkpZiSr9GNFIoQnaER6BgXiRHnp9AMZPDXOAA5DaZ7QcOr+nUgRVyrhgenkSI/VYi03/6v1Yj1seCkVUayJwLNFw5hBHcI8DTigkmDNEgMIS2puhXiMJMLaZDa3JeCZycRdTGAZOud197Lu3F1Um40inTI4BiegBlxwBZrgFrRAG2CQgRfwCt6sZ+vd+rA+Z60lq5g5BHOyvn4B066cZA==</latexit>

p(y:t|a:)
<latexit sha1_base64="kvvN7U1YqHNnqSoCiPHhtpA4D5Y=">AAACKnicbZDLSgMxFIYzXmu9jbp0EyxCuykzRbEIQsGNywr2Am0pmTRtQ5OZITkjDOO8hw/hM7jVtbviSvBBTC8LezkQ+Pj/czgnvxcKrsFxxtbG5tb2zm5mL7t/cHh0bJ+c1nUQKcpqNBCBanpEM8F9VgMOgjVDxYj0BGt4o/uJ33hmSvPAf4I4ZB1JBj7vc0rASF27FObbnsRxN7mF9GWCxGBawHd4rQNpoWvnnKIzLbwK7hxyaF7Vrv3T7gU0kswHKojWLdcJoZMQBZwKlmbbkWYhoSMyYC2DPpFMd5Lp31J8aZQe7gfKPB/wVP0/kRCpdSw90ykJDPWyNxHXea0I+uVOwv0wAubT2aJ+JDAEeBIU7nHFKIjYAKGKm1sxHRJFKJg4F7Z4MjWZuMsJrEK9VHSvi87jVa5SnqeTQefoAuWRi25QBT2gKqohil7RO/pAn9ab9WWNre9Z64Y1nzlDC2X9/gGRL6am</latexit>

p(y:t|a:) = p(y:t|a:t)

<latexit sha1_base64="DuwZprn8zfrdw1tz1+axVEyXy0o=">AAACEHicbVC7TsMwFHXKq5RXgAWJxaJCKkuVIBAdi1hgKxJ9oCaqHNdprdpJZDtIVQgfwTewwsyGWPkDRv4Ep81AW45k6+ice3XvPV7EqFSW9W0UlpZXVteK66WNza3tHXN3ryXDWGDSxCELRcdDkjAakKaiipFOJAjiHiNtb3SV+e0HIiQNgzs1jojL0SCgPsVIaalnHjgcqSFGLLlJK47H4f1j9l+e9MyyVbUmgIvEzkkZ5Gj0zB+nH+KYk0BhhqTs2lak3AQJRTEjacmJJYkQHqEB6WoaIE6km0wuSOGxVvrQD4V+gYIT9W9HgriUY+7pymxfOe9l4n9eN1Z+zU1oEMWKBHg6yI8ZVCHM4oB9KghWbKwJwoLqXSEeIoGw0qHNTPF4qjOx5xNYJK3Tqn1etW7PyvVank4RHIIjUAE2uAB1cA0aoAkweAIv4BW8Gc/Gu/FhfE5LC0besw9mYHz9AlO6nJ8=</latexit>

I(Y |A)

Perception

Agent

Action

World

<latexit sha1_base64="CGhrEyrtQTZhLfiwVbHdQJIP4WA=">AAACCXicbVDLSsNAFL2pr1pfqS7dDBahgpSkKnZZcOOygq2FNoTJdNoOnUzCzEQpoV/gN7jVtTtx61e49E+ctlnY1gMHDufcy72cIOZMacf5tnJr6xubW/ntws7u3v6BXTxsqSiRhDZJxCPZDrCinAna1Exz2o4lxWHA6UMwupnmD49UKhaJez2OqRfigWB9RrA2lm8Xy9h3zrHvGlYNL858u+RUnBnQqnAzUYIMDd/+6fYikoRUaMKxUh3XibWXYqkZ4XRS6CaKxpiM8IB2jBQ4pMpLZ69P0KlxeqgfSUOh0cz9u5HiUKlxGJjJEOuhWs6m5n9ZJ9H9mpcyESeaCjI/1E840hGa9oB6TFKi+dgITCQzvyIyxBITbdpauBKEE9OJu9zAqmhVK+5Vxbm7LNVrWTt5OIYTKIML11CHW2hAEwg8wQu8wpv1bL1bH9bnfDRnZTtHsADr6xf8l5iA</latexit>

(a0, a1, a2, a3)

<latexit sha1_base64="32QuogCqaqEUa7sEjIBPdJ9Jda8=">AAACCXicbVDLSsNAFJ3UV62vVJduBotQQUpSFbssuHFZwdZCG8JkOmmHzkzCzEQJoV/gN7jVtTtx61e49E+ctlnY1gMHDufcy72cIGZUacf5tgpr6xubW8Xt0s7u3v6BXT7sqCiRmLRxxCLZDZAijArS1lQz0o0lQTxg5CEY30zzh0ciFY3EvU5j4nE0FDSkGGlj+Xa5mvrOeeq7hnXDizPfrjg1Zwa4KtxcVECOlm//9AcRTjgRGjOkVM91Yu1lSGqKGZmU+okiMcJjNCQ9IwXiRHnZ7PUJPDXOAIaRNBQazty/GxniSqU8MJMc6ZFazqbmf1kv0WHDy6iIE00Enh8KEwZ1BKc9wAGVBGuWGoGwpOZXiEdIIqxNWwtXAj4xnbjLDayKTr3mXtWcu8tKs5G3UwTH4ARUgQuuQRPcghZoAwyewAt4BW/Ws/VufVif89GCle8cgQVYX7+XJpjg</latexit>

(y0, y1, y2, y3)
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Formal foundations 

The interface of an agent                     is a collection of conditional distributions                     
turning sequences  of actions into outcomes, satisfying                                               . 

<latexit sha1_base64="VqAPaJEVLmZ7bsVb+Mtc+i7ldDE=">AAACD3icbZC9TsMwFIWd8lfKX4CBgcWiQipLlSAQFVMlFsYi0VKpjSLHdVurthPZDlIU8hA8AyvMbIiVR2DkTXDaDLTlSJY+nXuv7vUJIkaVdpxvq7Syura+Ud6sbG3v7O7Z+wcdFcYSkzYOWSi7AVKEUUHammpGupEkiAeMPASTm7z+8EikoqG410lEPI5Ggg4pRtpYvn0U1foBh4mfXuvsKUdkMDvz7apTd6aCy+AWUAWFWr790x+EOOZEaMyQUj3XibSXIqkpZiSr9GNFIoQnaER6BgXiRHnp9AMZPDXOAA5DaZ7QcOr+nUgRVyrhgenkSI/VYi03/6v1Yj1seCkVUayJwLNFw5hBHcI8DTigkmDNEgMIS2puhXiMJMLaZDa3JeCZycRdTGAZOud197Lu3F1Um40inTI4BiegBlxwBZrgFrRAG2CQgRfwCt6sZ+vd+rA+Z60lq5g5BHOyvn4B066cZA==</latexit>

p(y:t|a:)
<latexit sha1_base64="kvvN7U1YqHNnqSoCiPHhtpA4D5Y=">AAACKnicbZDLSgMxFIYzXmu9jbp0EyxCuykzRbEIQsGNywr2Am0pmTRtQ5OZITkjDOO8hw/hM7jVtbviSvBBTC8LezkQ+Pj/czgnvxcKrsFxxtbG5tb2zm5mL7t/cHh0bJ+c1nUQKcpqNBCBanpEM8F9VgMOgjVDxYj0BGt4o/uJ33hmSvPAf4I4ZB1JBj7vc0rASF27FObbnsRxN7mF9GWCxGBawHd4rQNpoWvnnKIzLbwK7hxyaF7Vrv3T7gU0kswHKojWLdcJoZMQBZwKlmbbkWYhoSMyYC2DPpFMd5Lp31J8aZQe7gfKPB/wVP0/kRCpdSw90ykJDPWyNxHXea0I+uVOwv0wAubT2aJ+JDAEeBIU7nHFKIjYAKGKm1sxHRJFKJg4F7Z4MjWZuMsJrEK9VHSvi87jVa5SnqeTQefoAuWRi25QBT2gKqohil7RO/pAn9ab9WWNre9Z64Y1nzlDC2X9/gGRL6am</latexit>

p(y:t|a:) = p(y:t|a:t)

<latexit sha1_base64="DuwZprn8zfrdw1tz1+axVEyXy0o=">AAACEHicbVC7TsMwFHXKq5RXgAWJxaJCKkuVIBAdi1hgKxJ9oCaqHNdprdpJZDtIVQgfwTewwsyGWPkDRv4Ep81AW45k6+ice3XvPV7EqFSW9W0UlpZXVteK66WNza3tHXN3ryXDWGDSxCELRcdDkjAakKaiipFOJAjiHiNtb3SV+e0HIiQNgzs1jojL0SCgPsVIaalnHjgcqSFGLLlJK47H4f1j9l+e9MyyVbUmgIvEzkkZ5Gj0zB+nH+KYk0BhhqTs2lak3AQJRTEjacmJJYkQHqEB6WoaIE6km0wuSOGxVvrQD4V+gYIT9W9HgriUY+7pymxfOe9l4n9eN1Z+zU1oEMWKBHg6yI8ZVCHM4oB9KghWbKwJwoLqXSEeIoGw0qHNTPF4qjOx5xNYJK3Tqn1etW7PyvVank4RHIIjUAE2uAB1cA0aoAkweAIv4BW8Gc/Gu/FhfE5LC0besw9mYHz9AlO6nJ8=</latexit>

I(Y |A)

<latexit sha1_base64="SOJBYcTljxMO6QieairlWbCDFBk=">AAAB/nicbVDLSgMxFL1TX7W+RsWVm2ARXJQyU5/LFjcuK9gHtMOQSdM2NJMZkoxQhoK/4saFIm79Dnf+jWk7C209cOBwzr3k5gQxZ0o7zreVW1ldW9/Ibxa2tnd29+z9g6aKEklog0Q8ku0AK8qZoA3NNKftWFIcBpy2gtHtNG89UqlYJB70OKZeiAeC9RnB2li+fVTznVLNdw0rhuelbi/SyreLTtmZAS0LNxNFyFD37S+zR5KQCk04VqrjOrH2Uiw1I5xOCt1E0RiTER7QjpECh1R56ez8CTo1Tg/1I2koNJq5vzdSHCo1DgMzGWI9VIvZ1Pwv6yS6f+OlTMSJpoLMH+onHOkITbtAPSYp0XxsBCaSmVsRGWKJiTaNFUwJ7uKXl0WzUnYvy879RbF6ldWRh2M4gTNw4RqqcAd1aACBFJ7hFd6sJ+vFerc+5qM5K9s5hD+wPn8A6uSTgQ==</latexit>

A0, A1, A2, A3, . . .

<latexit sha1_base64="3FKfao+acHqKb9cFKnJhnHhJCCo=">AAAB/nicbVDLSgMxFL1TX7W+RsWVm2ARXJQyU5/LghuXFeyLdhgyadqGZjJDkhHKUPBX3LhQxK3f4c6/MW1noa0HDhzOuZfcnCDmTGnH+bZyK6tr6xv5zcLW9s7unr1/0FBRIgmtk4hHshVgRTkTtK6Z5rQVS4rDgNNmMLqd5s1HKhWLxIMex9QL8UCwPiNYG8u3j9q+U2r7rmHF8LzU7UVa+XbRKTszoGXhZqIIGWq+/WX2SBJSoQnHSnVcJ9ZeiqVmhNNJoZsoGmMywgPaMVLgkCovnZ0/QafG6aF+JA2FRjP390aKQ6XGYWAmQ6yHajGbmv9lnUT3b7yUiTjRVJD5Q/2EIx2haReoxyQlmo+NwEQycysiQywx0aaxginBXfzysmhUyu5l2bm/KFavsjrycAwncAYuXEMV7qAGdSCQwjO8wpv1ZL1Y79bHfDRnZTuH8AfW5w+Bs5Ph</latexit>

Y0, Y1, Y2, Y3, . . .
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Formal foundations 

The interface of an agent                     is a collection of conditional distributions                     
turning sequences  of actions into outcomes, satisfying                                               . 

A transducer for a given interface                     is another collection of distributions                     
corresponding to an auxiliary process satisfying: 
                    

<latexit sha1_base64="VqAPaJEVLmZ7bsVb+Mtc+i7ldDE=">AAACD3icbZC9TsMwFIWd8lfKX4CBgcWiQipLlSAQFVMlFsYi0VKpjSLHdVurthPZDlIU8hA8AyvMbIiVR2DkTXDaDLTlSJY+nXuv7vUJIkaVdpxvq7Syura+Ud6sbG3v7O7Z+wcdFcYSkzYOWSi7AVKEUUHammpGupEkiAeMPASTm7z+8EikoqG410lEPI5Ggg4pRtpYvn0U1foBh4mfXuvsKUdkMDvz7apTd6aCy+AWUAWFWr790x+EOOZEaMyQUj3XibSXIqkpZiSr9GNFIoQnaER6BgXiRHnp9AMZPDXOAA5DaZ7QcOr+nUgRVyrhgenkSI/VYi03/6v1Yj1seCkVUayJwLNFw5hBHcI8DTigkmDNEgMIS2puhXiMJMLaZDa3JeCZycRdTGAZOud197Lu3F1Um40inTI4BiegBlxwBZrgFrRAG2CQgRfwCt6sZ+vd+rA+Z60lq5g5BHOyvn4B066cZA==</latexit>

p(y:t|a:)
<latexit sha1_base64="kvvN7U1YqHNnqSoCiPHhtpA4D5Y=">AAACKnicbZDLSgMxFIYzXmu9jbp0EyxCuykzRbEIQsGNywr2Am0pmTRtQ5OZITkjDOO8hw/hM7jVtbviSvBBTC8LezkQ+Pj/czgnvxcKrsFxxtbG5tb2zm5mL7t/cHh0bJ+c1nUQKcpqNBCBanpEM8F9VgMOgjVDxYj0BGt4o/uJ33hmSvPAf4I4ZB1JBj7vc0rASF27FObbnsRxN7mF9GWCxGBawHd4rQNpoWvnnKIzLbwK7hxyaF7Vrv3T7gU0kswHKojWLdcJoZMQBZwKlmbbkWYhoSMyYC2DPpFMd5Lp31J8aZQe7gfKPB/wVP0/kRCpdSw90ykJDPWyNxHXea0I+uVOwv0wAubT2aJ+JDAEeBIU7nHFKIjYAKGKm1sxHRJFKJg4F7Z4MjWZuMsJrEK9VHSvi87jVa5SnqeTQefoAuWRi25QBT2gKqohil7RO/pAn9ab9WWNre9Z64Y1nzlDC2X9/gGRL6am</latexit>

p(y:t|a:) = p(y:t|a:t)

<latexit sha1_base64="DuwZprn8zfrdw1tz1+axVEyXy0o=">AAACEHicbVC7TsMwFHXKq5RXgAWJxaJCKkuVIBAdi1hgKxJ9oCaqHNdprdpJZDtIVQgfwTewwsyGWPkDRv4Ep81AW45k6+ice3XvPV7EqFSW9W0UlpZXVteK66WNza3tHXN3ryXDWGDSxCELRcdDkjAakKaiipFOJAjiHiNtb3SV+e0HIiQNgzs1jojL0SCgPsVIaalnHjgcqSFGLLlJK47H4f1j9l+e9MyyVbUmgIvEzkkZ5Gj0zB+nH+KYk0BhhqTs2lak3AQJRTEjacmJJYkQHqEB6WoaIE6km0wuSOGxVvrQD4V+gYIT9W9HgriUY+7pymxfOe9l4n9eN1Z+zU1oEMWKBHg6yI8ZVCHM4oB9KghWbKwJwoLqXSEeIoGw0qHNTPF4qjOx5xNYJK3Tqn1etW7PyvVank4RHIIjUAE2uAB1cA0aoAkweAIv4BW8Gc/Gu/FhfE5LC0besw9mYHz9AlO6nJ8=</latexit>

I(Y |A)

<latexit sha1_base64="DuwZprn8zfrdw1tz1+axVEyXy0o=">AAACEHicbVC7TsMwFHXKq5RXgAWJxaJCKkuVIBAdi1hgKxJ9oCaqHNdprdpJZDtIVQgfwTewwsyGWPkDRv4Ep81AW45k6+ice3XvPV7EqFSW9W0UlpZXVteK66WNza3tHXN3ryXDWGDSxCELRcdDkjAakKaiipFOJAjiHiNtb3SV+e0HIiQNgzs1jojL0SCgPsVIaalnHjgcqSFGLLlJK47H4f1j9l+e9MyyVbUmgIvEzkkZ5Gj0zB+nH+KYk0BhhqTs2lak3AQJRTEjacmJJYkQHqEB6WoaIE6km0wuSOGxVvrQD4V+gYIT9W9HgriUY+7pymxfOe9l4n9eN1Z+zU1oEMWKBHg6yI8ZVCHM4oB9KghWbKwJwoLqXSEeIoGw0qHNTPF4qjOx5xNYJK3Tqn1etW7PyvVank4RHIIjUAE2uAB1cA0aoAkweAIv4BW8Gc/Gu/FhfE5LC0besw9mYHz9AlO6nJ8=</latexit>

I(Y |A)
<latexit sha1_base64="s4ch2rLlyAcG5TwD4DTnlMEAN5w=">AAACD3icbZC9TsMwFIWd8lfKX4CBgcWiQipLlSAQFVMlFsYi0VKpjSLHdVqrthPZDlIV8hA8AyvMbIiVR2DkTXDaDLTlSJY+nXuv7vUJYkaVdpxvq7Syura+Ud6sbG3v7O7Z+wcdFSUSkzaOWCS7AVKEUUHammpGurEkiAeMPATjm7z+8EikopG415OYeBwNBQ0pRtpYvn0U1/oBh8pPr3X2lOPIYHbm21Wn7kwFl8EtoAoKtXz7pz+IcMKJ0JghpXquE2svRVJTzEhW6SeKxAiP0ZD0DArEifLS6QcyeGqcAQwjaZ7QcOr+nUgRV2rCA9PJkR6pxVpu/lfrJTpseCkVcaKJwLNFYcKgjmCeBhxQSbBmEwMIS2puhXiEJMLaZDa3JeCZycRdTGAZOud197Lu3F1Um40inTI4BiegBlxwBZrgFrRAG2CQgRfwCt6sZ+vd+rA+Z60lq5g5BHOyvn4B1QScZQ==</latexit>

p(s:t|h:)

<latexit sha1_base64="h/PxjxcyUIhpPkwMb3Hn8CPK5b0=">AAACBHicbVDLSsNAFJ3UV62vqks3g0WoICURxSIIBTcuK9gHtDFMppN26EwSZm6EULr1G9zq2p249T9c+idO2yxs64ELh3Pu5VyOHwuuwba/rdzK6tr6Rn6zsLW9s7tX3D9o6ihRlDVoJCLV9olmgoesARwEa8eKEekL1vKHtxO/9cSU5lH4AGnMXEn6IQ84JWCkx4EH1zfl1IMz4sGpVyzZFXsKvEycjJRQhrpX/On2IppIFgIVROuOY8fgjogCTgUbF7qJZjGhQ9JnHUNDIpl2R9Ovx/jEKD0cRMpMCHiq/r0YEal1Kn2zKQkM9KI3Ef/zOgkEVXfEwzgBFtJZUJAIDBGeVIB7XDEKIjWEUMXNr5gOiCIUTFFzKb4cm06cxQaWSfO84lxW7PuLUq2atZNHR+gYlZGDrlAN3aE6aiCKFHpBr+jNerberQ/rc7aas7KbQzQH6+sXLNuYRQ==</latexit>

ht := (yt, at)

<latexit sha1_base64="jXx2H2dwzwjF93fXVsEYY8/SVm0=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PAi8dIzAOSJcxOZpMhs7PLTK8QlnyCFw+KePWLvPk3TpI9aGJBQ1HVTXdXkEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GdzO//cS1EbF6xEnC/YgOlQgFo2ilRqPv9ssVt+rOQVaJl5MK5Kj3y1+9QczSiCtkkhrT9dwE/YxqFEzyaamXGp5QNqZD3rVU0YgbP5ufOiVnVhmQMNa2FJK5+nsio5ExkyiwnRHFkVn2ZuJ/XjfF8NbPhEpS5IotFoWpJBiT2d9kIDRnKCeWUKaFvZWwEdWUoU2nZEPwll9eJa2LqndVdR8uK7XrPI4inMApnIMHN1CDe6hDExgM4Rle4c2Rzovz7nwsWgtOPnMMf+B8/gDPdY1y</latexit>

S0
<latexit sha1_base64="HMEo5UGRlBy+RuuYRI1ACrzs/5U=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PAi8dIzAOSJcxOepMhs7PLzKwQlnyCFw+KePWLvPk3TpI9aGJBQ1HVTXdXkAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHstHM0nQj+hQ8pAzaqzUaPS9frniVt05yCrxclKBHPV++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzUKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPUzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2nZEPwll9eJa2LqndVdR8uK7XrPI4inMApnIMHN1CDe6hDExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gDQ+Y1z</latexit>

S1
<latexit sha1_base64="nLrlhEaJ603r9pG4RYv3r8yVyGk=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBA8hd3g6xjw4jES84BkCbOT3mTI7OwyMyuEJZ/gxYMiXv0ib/6Nk2QPmljQUFR1090VJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WjmSToR3QoecgZNVZqNPrVfqnsVtw5yCrxclKGHPV+6as3iFkaoTRMUK27npsYP6PKcCZwWuylGhPKxnSIXUsljVD72fzUKTm3yoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPUzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2naEPwll9eJa1qxbuquA+X5dp1HkcBTuEMLsCDG6jBPdShCQyG8Ayv8OYI58V5dz4WrWtOPnMCf+B8/gDSfY10</latexit>

S2
<latexit sha1_base64="gfuhOBk8GyD8QOuBg9WbhLHBIYo=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6Pga8eIzEPCBZwuxkNhkyO7vM9AphySd48aCIV7/Im3/jJNmDRgsaiqpuuruCRAqDrvvlFFZW19Y3ipulre2d3b3y/kHLxKlmvMliGetOQA2XQvEmCpS8k2hOo0DydjC+nfntR66NiNUDThLuR3SoRCgYRSs1Gv3zfrniVt05yF/i5aQCOer98mdvELM04gqZpMZ0PTdBP6MaBZN8WuqlhieUjemQdy1VNOLGz+anTsmJVQYkjLUthWSu/pzIaGTMJApsZ0RxZJa9mfif100xvPEzoZIUuWKLRWEqCcZk9jcZCM0ZyokllGlhbyVsRDVlaNMp2RC85Zf/ktZZ1busuvcXldpVHkcRjuAYTsGDa6jBHdShCQyG8AQv8OpI59l5c94XrQUnnzmEX3A+vgHUAY11</latexit>

S3

<latexit sha1_base64="eGRx8awOura32QVG2gSfNhU987A=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PAi8eI5iHJEmYnvcmQ2dllZlYISz7BiwdFvPpF3vwbJ8keNLGgoajqprsrSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/VbT6g0j+WDGSfoR3QgecgZNVa6f+y5vXLFrbozkGXi5aQCOeq98le3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9mpE3JilT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeO1nXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtOyYbgLb68TJpnVe+i6t6dV2qXeRxFOIJjOAUPrqAGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AHYmY14</latexit>

Y0
<latexit sha1_base64="16AK0wRpyfjAhIrockso/Awocc0=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PAi8eI5iHJEmYns8mQ2dllplcISz7BiwdFvPpF3vwbJ8keNLGgoajqprsrSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWjm6nfeuLaiFg94DjhfkQHSoSCUbTS/WPP65UrbtWdgSwTLycVyFHvlb+6/ZilEVfIJDWm47kJ+hnVKJjkk1I3NTyhbEQHvGOpohE3fjY7dUJOrNInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4bWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tOyYbgLb68TJpnVe+i6t6dV2qXeRxFOIJjOAUPrqAGt1CHBjAYwDO8wpsjnRfn3fmYtxacfOYQ/sD5/AHaHY15</latexit>

Y1
<latexit sha1_base64="XOcNmObYDnLX6nldISv71/rEt8Q=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBA8hd3g6xjw4jGieUiyhNnJbDJkdnaZ6RXCkk/w4kERr36RN//GSbIHTSxoKKq66e4KEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXFtRKwecJxwP6IDJULBKFrp/rFX7ZXKbsWdgSwTLydlyFHvlb66/ZilEVfIJDWm47kJ+hnVKJjkk2I3NTyhbEQHvGOpohE3fjY7dUJOrdInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4bWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tO0YbgLb68TJrVindRce/Oy7XLPI4CHMMJnIEHV1CDW6hDAxgM4Ble4c2Rzovz7nzMW1ecfOYI/sD5/AHboY16</latexit>

Y2

<latexit sha1_base64="3i400Oud/fy7uA1s8c0oXwsVzi0=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PEi8eI5gHJEmYns8mQ2dllplcISz7BiwdFvPpF3vwbJ8keNLGgoajqprsrSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWj26nfeuLaiFg94jjhfkQHSoSCUbTSw03P7ZUrbtWdgSwTLycVyFHvlb+6/ZilEVfIJDWm47kJ+hnVKJjkk1I3NTyhbEQHvGOpohE3fjY7dUJOrNInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4bWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tOyYbgLb68TJpnVe+i6t6fV2qXeRxFOIJjOAUPrqAGd1CHBjAYwDO8wpsjnRfn3fmYtxacfOYQ/sD5/AG0CY1g</latexit>

A0
<latexit sha1_base64="KUWWlsdWjaRc6s71EbmKQ0CCzwc=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PEi8eI5gHJEmYns8mQ2dllplcISz7BiwdFvPpF3vwbJ8keNLGgoajqprsrSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWj26nfeuLaiFg94jjhfkQHSoSCUbTSw03P65UrbtWdgSwTLycVyFHvlb+6/ZilEVfIJDWm47kJ+hnVKJjkk1I3NTyhbEQHvGOpohE3fjY7dUJOrNInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4bWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tOyYbgLb68TJpnVe+i6t6fV2qXeRxFOIJjOAUPrqAGd1CHBjAYwDO8wpsjnRfn3fmYtxacfOYQ/sD5/AG1jY1h</latexit>

A1
<latexit sha1_base64="Bagk0F5cRg8Svqcq5JIgCsxP9nY=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBA8hd3g6xjx4jGieUCyhNlJbzJkdnaZmRXCkk/w4kERr36RN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nfqtJ1Sax/LRjBP0IzqQPOSMGis93PSqvVLZrbgzkGXi5aQMOeq90le3H7M0QmmYoFp3PDcxfkaV4UzgpNhNNSaUjegAO5ZKGqH2s9mpE3JqlT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeO1nXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtO0YbgLb68TJrVindRce/Py7XLPI4CHMMJnIEHV1CDO6hDAxgM4Ble4c0Rzovz7nzMW1ecfOYI/sD5/AG3EY1i</latexit>

A2
<latexit sha1_base64="SOJBYcTljxMO6QieairlWbCDFBk=">AAAB/nicbVDLSgMxFL1TX7W+RsWVm2ARXJQyU5/LFjcuK9gHtMOQSdM2NJMZkoxQhoK/4saFIm79Dnf+jWk7C209cOBwzr3k5gQxZ0o7zreVW1ldW9/Ibxa2tnd29+z9g6aKEklog0Q8ku0AK8qZoA3NNKftWFIcBpy2gtHtNG89UqlYJB70OKZeiAeC9RnB2li+fVTznVLNdw0rhuelbi/SyreLTtmZAS0LNxNFyFD37S+zR5KQCk04VqrjOrH2Uiw1I5xOCt1E0RiTER7QjpECh1R56ez8CTo1Tg/1I2koNJq5vzdSHCo1DgMzGWI9VIvZ1Pwv6yS6f+OlTMSJpoLMH+onHOkITbtAPSYp0XxsBCaSmVsRGWKJiTaNFUwJ7uKXl0WzUnYvy879RbF6ldWRh2M4gTNw4RqqcAd1aACBFJ7hFd6sJ+vFerc+5qM5K9s5hD+wPn8A6uSTgQ==</latexit>

A0, A1, A2, A3, . . .

<latexit sha1_base64="3FKfao+acHqKb9cFKnJhnHhJCCo=">AAAB/nicbVDLSgMxFL1TX7W+RsWVm2ARXJQyU5/LghuXFeyLdhgyadqGZjJDkhHKUPBX3LhQxK3f4c6/MW1noa0HDhzOuZfcnCDmTGnH+bZyK6tr6xv5zcLW9s7unr1/0FBRIgmtk4hHshVgRTkTtK6Z5rQVS4rDgNNmMLqd5s1HKhWLxIMex9QL8UCwPiNYG8u3j9q+U2r7rmHF8LzU7UVa+XbRKTszoGXhZqIIGWq+/WX2SBJSoQnHSnVcJ9ZeiqVmhNNJoZsoGmMywgPaMVLgkCovnZ0/QafG6aF+JA2FRjP390aKQ6XGYWAmQ6yHajGbmv9lnUT3b7yUiTjRVJD5Q/2EIx2haReoxyQlmo+NwEQycysiQywx0aaxginBXfzysmhUyu5l2bm/KFavsjrycAwncAYuXEMV7qAGdSCQwjO8wpv1ZL1Y79bHfDRnZTuH8AfW5w+Bs5Ph</latexit>

Y0, Y1, Y2, Y3, . . .

<latexit sha1_base64="QVKkqqzWzmxl8y/oHSi4KfTxXeI="></latexit>

p(y:ts:t+1|a:) = p(s0)
tY

⌧=0

⌧ (y⌧ , s⌧+1|a⌧ , st)
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Formal foundations 

The interface of an agent                     is a collection of conditional distributions                     
turning sequences  of actions into outcomes, satisfying                                               . 

A transducer for a given interface                     is another collection of distributions                     
corresponding to an auxiliary process satisfying: 
                    

<latexit sha1_base64="VqAPaJEVLmZ7bsVb+Mtc+i7ldDE=">AAACD3icbZC9TsMwFIWd8lfKX4CBgcWiQipLlSAQFVMlFsYi0VKpjSLHdVurthPZDlIU8hA8AyvMbIiVR2DkTXDaDLTlSJY+nXuv7vUJIkaVdpxvq7Syura+Ud6sbG3v7O7Z+wcdFcYSkzYOWSi7AVKEUUHammpGupEkiAeMPASTm7z+8EikoqG410lEPI5Ggg4pRtpYvn0U1foBh4mfXuvsKUdkMDvz7apTd6aCy+AWUAWFWr790x+EOOZEaMyQUj3XibSXIqkpZiSr9GNFIoQnaER6BgXiRHnp9AMZPDXOAA5DaZ7QcOr+nUgRVyrhgenkSI/VYi03/6v1Yj1seCkVUayJwLNFw5hBHcI8DTigkmDNEgMIS2puhXiMJMLaZDa3JeCZycRdTGAZOud197Lu3F1Um40inTI4BiegBlxwBZrgFrRAG2CQgRfwCt6sZ+vd+rA+Z60lq5g5BHOyvn4B066cZA==</latexit>

p(y:t|a:)
<latexit sha1_base64="kvvN7U1YqHNnqSoCiPHhtpA4D5Y=">AAACKnicbZDLSgMxFIYzXmu9jbp0EyxCuykzRbEIQsGNywr2Am0pmTRtQ5OZITkjDOO8hw/hM7jVtbviSvBBTC8LezkQ+Pj/czgnvxcKrsFxxtbG5tb2zm5mL7t/cHh0bJ+c1nUQKcpqNBCBanpEM8F9VgMOgjVDxYj0BGt4o/uJ33hmSvPAf4I4ZB1JBj7vc0rASF27FObbnsRxN7mF9GWCxGBawHd4rQNpoWvnnKIzLbwK7hxyaF7Vrv3T7gU0kswHKojWLdcJoZMQBZwKlmbbkWYhoSMyYC2DPpFMd5Lp31J8aZQe7gfKPB/wVP0/kRCpdSw90ykJDPWyNxHXea0I+uVOwv0wAubT2aJ+JDAEeBIU7nHFKIjYAKGKm1sxHRJFKJg4F7Z4MjWZuMsJrEK9VHSvi87jVa5SnqeTQefoAuWRi25QBT2gKqohil7RO/pAn9ab9WWNre9Z64Y1nzlDC2X9/gGRL6am</latexit>

p(y:t|a:) = p(y:t|a:t)

<latexit sha1_base64="DuwZprn8zfrdw1tz1+axVEyXy0o=">AAACEHicbVC7TsMwFHXKq5RXgAWJxaJCKkuVIBAdi1hgKxJ9oCaqHNdprdpJZDtIVQgfwTewwsyGWPkDRv4Ep81AW45k6+ice3XvPV7EqFSW9W0UlpZXVteK66WNza3tHXN3ryXDWGDSxCELRcdDkjAakKaiipFOJAjiHiNtb3SV+e0HIiQNgzs1jojL0SCgPsVIaalnHjgcqSFGLLlJK47H4f1j9l+e9MyyVbUmgIvEzkkZ5Gj0zB+nH+KYk0BhhqTs2lak3AQJRTEjacmJJYkQHqEB6WoaIE6km0wuSOGxVvrQD4V+gYIT9W9HgriUY+7pymxfOe9l4n9eN1Z+zU1oEMWKBHg6yI8ZVCHM4oB9KghWbKwJwoLqXSEeIoGw0qHNTPF4qjOx5xNYJK3Tqn1etW7PyvVank4RHIIjUAE2uAB1cA0aoAkweAIv4BW8Gc/Gu/FhfE5LC0besw9mYHz9AlO6nJ8=</latexit>

I(Y |A)

<latexit sha1_base64="DuwZprn8zfrdw1tz1+axVEyXy0o=">AAACEHicbVC7TsMwFHXKq5RXgAWJxaJCKkuVIBAdi1hgKxJ9oCaqHNdprdpJZDtIVQgfwTewwsyGWPkDRv4Ep81AW45k6+ice3XvPV7EqFSW9W0UlpZXVteK66WNza3tHXN3ryXDWGDSxCELRcdDkjAakKaiipFOJAjiHiNtb3SV+e0HIiQNgzs1jojL0SCgPsVIaalnHjgcqSFGLLlJK47H4f1j9l+e9MyyVbUmgIvEzkkZ5Gj0zB+nH+KYk0BhhqTs2lak3AQJRTEjacmJJYkQHqEB6WoaIE6km0wuSOGxVvrQD4V+gYIT9W9HgriUY+7pymxfOe9l4n9eN1Z+zU1oEMWKBHg6yI8ZVCHM4oB9KghWbKwJwoLqXSEeIoGw0qHNTPF4qjOx5xNYJK3Tqn1etW7PyvVank4RHIIjUAE2uAB1cA0aoAkweAIv4BW8Gc/Gu/FhfE5LC0besw9mYHz9AlO6nJ8=</latexit>

I(Y |A)
<latexit sha1_base64="s4ch2rLlyAcG5TwD4DTnlMEAN5w=">AAACD3icbZC9TsMwFIWd8lfKX4CBgcWiQipLlSAQFVMlFsYi0VKpjSLHdVqrthPZDlIV8hA8AyvMbIiVR2DkTXDaDLTlSJY+nXuv7vUJYkaVdpxvq7Syura+Ud6sbG3v7O7Z+wcdFSUSkzaOWCS7AVKEUUHammpGurEkiAeMPATjm7z+8EikopG415OYeBwNBQ0pRtpYvn0U1/oBh8pPr3X2lOPIYHbm21Wn7kwFl8EtoAoKtXz7pz+IcMKJ0JghpXquE2svRVJTzEhW6SeKxAiP0ZD0DArEifLS6QcyeGqcAQwjaZ7QcOr+nUgRV2rCA9PJkR6pxVpu/lfrJTpseCkVcaKJwLNFYcKgjmCeBhxQSbBmEwMIS2puhXiEJMLaZDa3JeCZycRdTGAZOud197Lu3F1Um40inTI4BiegBlxwBZrgFrRAG2CQgRfwCt6sZ+vd+rA+Z60lq5g5BHOyvn4B1QScZQ==</latexit>

p(s:t|h:)

<latexit sha1_base64="jXx2H2dwzwjF93fXVsEYY8/SVm0=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PAi8dIzAOSJcxOZpMhs7PLTK8QlnyCFw+KePWLvPk3TpI9aGJBQ1HVTXdXkEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GdzO//cS1EbF6xEnC/YgOlQgFo2ilRqPv9ssVt+rOQVaJl5MK5Kj3y1+9QczSiCtkkhrT9dwE/YxqFEzyaamXGp5QNqZD3rVU0YgbP5ufOiVnVhmQMNa2FJK5+nsio5ExkyiwnRHFkVn2ZuJ/XjfF8NbPhEpS5IotFoWpJBiT2d9kIDRnKCeWUKaFvZWwEdWUoU2nZEPwll9eJa2LqndVdR8uK7XrPI4inMApnIMHN1CDe6hDExgM4Rle4c2Rzovz7nwsWgtOPnMMf+B8/gDPdY1y</latexit>

S0
<latexit sha1_base64="HMEo5UGRlBy+RuuYRI1ACrzs/5U=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PAi8dIzAOSJcxOepMhs7PLzKwQlnyCFw+KePWLvPk3TpI9aGJBQ1HVTXdXkAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHstHM0nQj+hQ8pAzaqzUaPS9frniVt05yCrxclKBHPV++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzUKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPUzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2nZEPwll9eJa2LqndVdR8uK7XrPI4inMApnIMHN1CDe6hDExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gDQ+Y1z</latexit>

S1
<latexit sha1_base64="nLrlhEaJ603r9pG4RYv3r8yVyGk=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBA8hd3g6xjw4jES84BkCbOT3mTI7OwyMyuEJZ/gxYMiXv0ib/6Nk2QPmljQUFR1090VJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WjmSToR3QoecgZNVZqNPrVfqnsVtw5yCrxclKGHPV+6as3iFkaoTRMUK27npsYP6PKcCZwWuylGhPKxnSIXUsljVD72fzUKTm3yoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPUzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2naEPwll9eJa1qxbuquA+X5dp1HkcBTuEMLsCDG6jBPdShCQyG8Ayv8OYI58V5dz4WrWtOPnMCf+B8/gDSfY10</latexit>

S2
<latexit sha1_base64="gfuhOBk8GyD8QOuBg9WbhLHBIYo=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6Pga8eIzEPCBZwuxkNhkyO7vM9AphySd48aCIV7/Im3/jJNmDRgsaiqpuuruCRAqDrvvlFFZW19Y3ipulre2d3b3y/kHLxKlmvMliGetOQA2XQvEmCpS8k2hOo0DydjC+nfntR66NiNUDThLuR3SoRCgYRSs1Gv3zfrniVt05yF/i5aQCOer98mdvELM04gqZpMZ0PTdBP6MaBZN8WuqlhieUjemQdy1VNOLGz+anTsmJVQYkjLUthWSu/pzIaGTMJApsZ0RxZJa9mfif100xvPEzoZIUuWKLRWEqCcZk9jcZCM0ZyokllGlhbyVsRDVlaNMp2RC85Zf/ktZZ1busuvcXldpVHkcRjuAYTsGDa6jBHdShCQyG8AQv8OpI59l5c94XrQUnnzmEX3A+vgHUAY11</latexit>

S3

<latexit sha1_base64="eGRx8awOura32QVG2gSfNhU987A=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PAi8eI5iHJEmYnvcmQ2dllZlYISz7BiwdFvPpF3vwbJ8keNLGgoajqprsrSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/VbT6g0j+WDGSfoR3QgecgZNVa6f+y5vXLFrbozkGXi5aQCOeq98le3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9mpE3JilT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeO1nXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtOyYbgLb68TJpnVe+i6t6dV2qXeRxFOIJjOAUPrqAGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AHYmY14</latexit>

Y0
<latexit sha1_base64="16AK0wRpyfjAhIrockso/Awocc0=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PAi8eI5iHJEmYns8mQ2dllplcISz7BiwdFvPpF3vwbJ8keNLGgoajqprsrSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWjm6nfeuLaiFg94DjhfkQHSoSCUbTS/WPP65UrbtWdgSwTLycVyFHvlb+6/ZilEVfIJDWm47kJ+hnVKJjkk1I3NTyhbEQHvGOpohE3fjY7dUJOrNInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4bWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tOyYbgLb68TJpnVe+i6t6dV2qXeRxFOIJjOAUPrqAGt1CHBjAYwDO8wpsjnRfn3fmYtxacfOYQ/sD5/AHaHY15</latexit>

Y1
<latexit sha1_base64="XOcNmObYDnLX6nldISv71/rEt8Q=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBA8hd3g6xjw4jGieUiyhNnJbDJkdnaZ6RXCkk/w4kERr36RN//GSbIHTSxoKKq66e4KEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXFtRKwecJxwP6IDJULBKFrp/rFX7ZXKbsWdgSwTLydlyFHvlb66/ZilEVfIJDWm47kJ+hnVKJjkk2I3NTyhbEQHvGOpohE3fjY7dUJOrdInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4bWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tO0YbgLb68TJrVindRce/Oy7XLPI4CHMMJnIEHV1CDW6hDAxgM4Ble4c2Rzovz7nzMW1ecfOYI/sD5/AHboY16</latexit>

Y2

<latexit sha1_base64="3i400Oud/fy7uA1s8c0oXwsVzi0=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PEi8eI5gHJEmYns8mQ2dllplcISz7BiwdFvPpF3vwbJ8keNLGgoajqprsrSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWj26nfeuLaiFg94jjhfkQHSoSCUbTSw03P7ZUrbtWdgSwTLycVyFHvlb+6/ZilEVfIJDWm47kJ+hnVKJjkk1I3NTyhbEQHvGOpohE3fjY7dUJOrNInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4bWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tOyYbgLb68TJpnVe+i6t6fV2qXeRxFOIJjOAUPrqAGd1CHBjAYwDO8wpsjnRfn3fmYtxacfOYQ/sD5/AG0CY1g</latexit>

A0
<latexit sha1_base64="KUWWlsdWjaRc6s71EbmKQ0CCzwc=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PEi8eI5gHJEmYns8mQ2dllplcISz7BiwdFvPpF3vwbJ8keNLGgoajqprsrSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWj26nfeuLaiFg94jjhfkQHSoSCUbTSw03P65UrbtWdgSwTLycVyFHvlb+6/ZilEVfIJDWm47kJ+hnVKJjkk1I3NTyhbEQHvGOpohE3fjY7dUJOrNInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4bWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tOyYbgLb68TJpnVe+i6t6fV2qXeRxFOIJjOAUPrqAGd1CHBjAYwDO8wpsjnRfn3fmYtxacfOYQ/sD5/AG1jY1h</latexit>

A1
<latexit sha1_base64="Bagk0F5cRg8Svqcq5JIgCsxP9nY=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBA8hd3g6xjx4jGieUCyhNlJbzJkdnaZmRXCkk/w4kERr36RN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nfqtJ1Sax/LRjBP0IzqQPOSMGis93PSqvVLZrbgzkGXi5aQMOeq90le3H7M0QmmYoFp3PDcxfkaV4UzgpNhNNSaUjegAO5ZKGqH2s9mpE3JqlT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeO1nXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtO0YbgLb68TJrVindRce/Py7XLPI4CHMMJnIEHV1CDO6hDAxgM4Ble4c0Rzovz7nzMW1ecfOYI/sD5/AG3EY1i</latexit>

A2
<latexit sha1_base64="SOJBYcTljxMO6QieairlWbCDFBk=">AAAB/nicbVDLSgMxFL1TX7W+RsWVm2ARXJQyU5/LFjcuK9gHtMOQSdM2NJMZkoxQhoK/4saFIm79Dnf+jWk7C209cOBwzr3k5gQxZ0o7zreVW1ldW9/Ibxa2tnd29+z9g6aKEklog0Q8ku0AK8qZoA3NNKftWFIcBpy2gtHtNG89UqlYJB70OKZeiAeC9RnB2li+fVTznVLNdw0rhuelbi/SyreLTtmZAS0LNxNFyFD37S+zR5KQCk04VqrjOrH2Uiw1I5xOCt1E0RiTER7QjpECh1R56ez8CTo1Tg/1I2koNJq5vzdSHCo1DgMzGWI9VIvZ1Pwv6yS6f+OlTMSJpoLMH+onHOkITbtAPSYp0XxsBCaSmVsRGWKJiTaNFUwJ7uKXl0WzUnYvy879RbF6ldWRh2M4gTNw4RqqcAd1aACBFJ7hFd6sJ+vFerc+5qM5K9s5hD+wPn8A6uSTgQ==</latexit>

A0, A1, A2, A3, . . .

<latexit sha1_base64="3FKfao+acHqKb9cFKnJhnHhJCCo=">AAAB/nicbVDLSgMxFL1TX7W+RsWVm2ARXJQyU5/LghuXFeyLdhgyadqGZjJDkhHKUPBX3LhQxK3f4c6/MW1noa0HDhzOuZfcnCDmTGnH+bZyK6tr6xv5zcLW9s7unr1/0FBRIgmtk4hHshVgRTkTtK6Z5rQVS4rDgNNmMLqd5s1HKhWLxIMex9QL8UCwPiNYG8u3j9q+U2r7rmHF8LzU7UVa+XbRKTszoGXhZqIIGWq+/WX2SBJSoQnHSnVcJ9ZeiqVmhNNJoZsoGmMywgPaMVLgkCovnZ0/QafG6aF+JA2FRjP390aKQ6XGYWAmQ6yHajGbmv9lnUT3b7yUiTjRVJD5Q/2EIx2haReoxyQlmo+NwEQycysiQywx0aaxginBXfzysmhUyu5l2bm/KFavsjrycAwncAYuXEMV7qAGdSCQwjO8wpv1ZL1Y79bHfDRnZTuH8AfW5w+Bs5Ph</latexit>

Y0, Y1, Y2, Y3, . . .

<latexit sha1_base64="QVKkqqzWzmxl8y/oHSi4KfTxXeI="></latexit>

p(y:ts:t+1|a:) = p(s0)
tY

⌧=0

⌧ (y⌧ , s⌧+1|a⌧ , st)

There are no assumptions about  how smart the agent is, its architecture, or policy! 
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Properties of transducers 

Transducers capture the memory of interfaces: 

• Trivial transducers                      <—>   Memoryless interfaces 

• Fully observability                      <—>   Markov interfaces 

<latexit sha1_base64="jXx2H2dwzwjF93fXVsEYY8/SVm0=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PAi8dIzAOSJcxOZpMhs7PLTK8QlnyCFw+KePWLvPk3TpI9aGJBQ1HVTXdXkEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GdzO//cS1EbF6xEnC/YgOlQgFo2ilRqPv9ssVt+rOQVaJl5MK5Kj3y1+9QczSiCtkkhrT9dwE/YxqFEzyaamXGp5QNqZD3rVU0YgbP5ufOiVnVhmQMNa2FJK5+nsio5ExkyiwnRHFkVn2ZuJ/XjfF8NbPhEpS5IotFoWpJBiT2d9kIDRnKCeWUKaFvZWwEdWUoU2nZEPwll9eJa2LqndVdR8uK7XrPI4inMApnIMHN1CDe6hDExgM4Rle4c2Rzovz7nwsWgtOPnMMf+B8/gDPdY1y</latexit>

S0
<latexit sha1_base64="HMEo5UGRlBy+RuuYRI1ACrzs/5U=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PAi8dIzAOSJcxOepMhs7PLzKwQlnyCFw+KePWLvPk3TpI9aGJBQ1HVTXdXkAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHstHM0nQj+hQ8pAzaqzUaPS9frniVt05yCrxclKBHPV++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzUKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPUzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2nZEPwll9eJa2LqndVdR8uK7XrPI4inMApnIMHN1CDe6hDExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gDQ+Y1z</latexit>

S1
<latexit sha1_base64="nLrlhEaJ603r9pG4RYv3r8yVyGk=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBA8hd3g6xjw4jES84BkCbOT3mTI7OwyMyuEJZ/gxYMiXv0ib/6Nk2QPmljQUFR1090VJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WjmSToR3QoecgZNVZqNPrVfqnsVtw5yCrxclKGHPV+6as3iFkaoTRMUK27npsYP6PKcCZwWuylGhPKxnSIXUsljVD72fzUKTm3yoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPUzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2naEPwll9eJa1qxbuquA+X5dp1HkcBTuEMLsCDG6jBPdShCQyG8Ayv8OYI58V5dz4WrWtOPnMCf+B8/gDSfY10</latexit>

S2
<latexit sha1_base64="gfuhOBk8GyD8QOuBg9WbhLHBIYo=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6Pga8eIzEPCBZwuxkNhkyO7vM9AphySd48aCIV7/Im3/jJNmDRgsaiqpuuruCRAqDrvvlFFZW19Y3ipulre2d3b3y/kHLxKlmvMliGetOQA2XQvEmCpS8k2hOo0DydjC+nfntR66NiNUDThLuR3SoRCgYRSs1Gv3zfrniVt05yF/i5aQCOer98mdvELM04gqZpMZ0PTdBP6MaBZN8WuqlhieUjemQdy1VNOLGz+anTsmJVQYkjLUthWSu/pzIaGTMJApsZ0RxZJa9mfif100xvPEzoZIUuWKLRWEqCcZk9jcZCM0ZyokllGlhbyVsRDVlaNMp2RC85Zf/ktZZ1busuvcXldpVHkcRjuAYTsGDa6jBHdShCQyG8AQv8OpI59l5c94XrQUnnzmEX3A+vgHUAY11</latexit>

S3

<latexit sha1_base64="eGRx8awOura32QVG2gSfNhU987A=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PAi8eI5iHJEmYnvcmQ2dllZlYISz7BiwdFvPpF3vwbJ8keNLGgoajqprsrSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/VbT6g0j+WDGSfoR3QgecgZNVa6f+y5vXLFrbozkGXi5aQCOeq98le3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9mpE3JilT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeO1nXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtOyYbgLb68TJpnVe+i6t6dV2qXeRxFOIJjOAUPrqAGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AHYmY14</latexit>

Y0
<latexit sha1_base64="16AK0wRpyfjAhIrockso/Awocc0=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PAi8eI5iHJEmYns8mQ2dllplcISz7BiwdFvPpF3vwbJ8keNLGgoajqprsrSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWjm6nfeuLaiFg94DjhfkQHSoSCUbTS/WPP65UrbtWdgSwTLycVyFHvlb+6/ZilEVfIJDWm47kJ+hnVKJjkk1I3NTyhbEQHvGOpohE3fjY7dUJOrNInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4bWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tOyYbgLb68TJpnVe+i6t6dV2qXeRxFOIJjOAUPrqAGt1CHBjAYwDO8wpsjnRfn3fmYtxacfOYQ/sD5/AHaHY15</latexit>

Y1
<latexit sha1_base64="XOcNmObYDnLX6nldISv71/rEt8Q=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBA8hd3g6xjw4jGieUiyhNnJbDJkdnaZ6RXCkk/w4kERr36RN//GSbIHTSxoKKq66e4KEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXFtRKwecJxwP6IDJULBKFrp/rFX7ZXKbsWdgSwTLydlyFHvlb66/ZilEVfIJDWm47kJ+hnVKJjkk2I3NTyhbEQHvGOpohE3fjY7dUJOrdInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4bWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tO0YbgLb68TJrVindRce/Oy7XLPI4CHMMJnIEHV1CDW6hDAxgM4Ble4c2Rzovz7nzMW1ecfOYI/sD5/AHboY16</latexit>

Y2
<latexit sha1_base64="6Z9gNi3iBcnSZ+bKgm0gMGLjIyY=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6Pga8eIxoHpIsYXbSmwyZnV1mZoWw5BO8eFDEq1/kzb9xkuxBowUNRVU33V1BIrg2rvvlFJaWV1bXiuuljc2t7Z3y7l5Tx6li2GCxiFU7oBoFl9gw3AhsJwppFAhsBaPrqd96RKV5LO/NOEE/ogPJQ86osdLdQ++0V664VXcG8pd4OalAjnqv/NntxyyNUBomqNYdz02Mn1FlOBM4KXVTjQllIzrAjqWSRqj9bHbqhBxZpU/CWNmShszUnxMZjbQeR4HtjKgZ6kVvKv7ndVITXvkZl0lqULL5ojAVxMRk+jfpc4XMiLEllClubyVsSBVlxqZTsiF4iy//Jc2TqndedW/PKrWLPI4iHMAhHIMHl1CDG6hDAxgM4Ale4NURzrPz5rzPWwtOPrMPv+B8fAPdJY17</latexit>

Y3

<latexit sha1_base64="3i400Oud/fy7uA1s8c0oXwsVzi0=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PEi8eI5gHJEmYns8mQ2dllplcISz7BiwdFvPpF3vwbJ8keNLGgoajqprsrSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWj26nfeuLaiFg94jjhfkQHSoSCUbTSw03P7ZUrbtWdgSwTLycVyFHvlb+6/ZilEVfIJDWm47kJ+hnVKJjkk1I3NTyhbEQHvGOpohE3fjY7dUJOrNInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4bWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tOyYbgLb68TJpnVe+i6t6fV2qXeRxFOIJjOAUPrqAGd1CHBjAYwDO8wpsjnRfn3fmYtxacfOYQ/sD5/AG0CY1g</latexit>

A0
<latexit sha1_base64="KUWWlsdWjaRc6s71EbmKQ0CCzwc=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PEi8eI5gHJEmYns8mQ2dllplcISz7BiwdFvPpF3vwbJ8keNLGgoajqprsrSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWj26nfeuLaiFg94jjhfkQHSoSCUbTSw03P65UrbtWdgSwTLycVyFHvlb+6/ZilEVfIJDWm47kJ+hnVKJjkk1I3NTyhbEQHvGOpohE3fjY7dUJOrNInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4bWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tOyYbgLb68TJpnVe+i6t6fV2qXeRxFOIJjOAUPrqAGd1CHBjAYwDO8wpsjnRfn3fmYtxacfOYQ/sD5/AG1jY1h</latexit>

A1
<latexit sha1_base64="Bagk0F5cRg8Svqcq5JIgCsxP9nY=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBA8hd3g6xjx4jGieUCyhNlJbzJkdnaZmRXCkk/w4kERr36RN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nfqtJ1Sax/LRjBP0IzqQPOSMGis93PSqvVLZrbgzkGXi5aQMOeq90le3H7M0QmmYoFp3PDcxfkaV4UzgpNhNNSaUjegAO5ZKGqH2s9mpE3JqlT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeO1nXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtO0YbgLb68TJrVindRce/Py7XLPI4CHMMJnIEHV1CDO6hDAxgM4Ble4c0Rzovz7nzMW1ecfOYI/sD5/AG3EY1i</latexit>

A2
<latexit sha1_base64="1C/NMCPh5W0wlkjTs6ifqgyB3fo=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6Pka8eIxoHpAsYXYymwyZnV1meoWw5BO8eFDEq1/kzb9xkuxBowUNRVU33V1BIoVB1/1yCkvLK6trxfXSxubW9k55d69p4lQz3mCxjHU7oIZLoXgDBUreTjSnUSB5KxjdTP3WI9dGxOoBxwn3IzpQIhSMopXur3unvXLFrbozkL/Ey0kFctR75c9uP2ZpxBUySY3peG6CfkY1Cib5pNRNDU8oG9EB71iqaMSNn81OnZAjq/RJGGtbCslM/TmR0ciYcRTYzoji0Cx6U/E/r5NieOVnQiUpcsXmi8JUEozJ9G/SF5ozlGNLKNPC3krYkGrK0KZTsiF4iy//Jc2Tqndede/OKrWLPI4iHMAhHIMHl1CDW6hDAxgM4Ale4NWRzrPz5rzPWwtOPrMPv+B8fAO4lY1j</latexit>

A3
<latexit sha1_base64="SOJBYcTljxMO6QieairlWbCDFBk=">AAAB/nicbVDLSgMxFL1TX7W+RsWVm2ARXJQyU5/LFjcuK9gHtMOQSdM2NJMZkoxQhoK/4saFIm79Dnf+jWk7C209cOBwzr3k5gQxZ0o7zreVW1ldW9/Ibxa2tnd29+z9g6aKEklog0Q8ku0AK8qZoA3NNKftWFIcBpy2gtHtNG89UqlYJB70OKZeiAeC9RnB2li+fVTznVLNdw0rhuelbi/SyreLTtmZAS0LNxNFyFD37S+zR5KQCk04VqrjOrH2Uiw1I5xOCt1E0RiTER7QjpECh1R56ez8CTo1Tg/1I2koNJq5vzdSHCo1DgMzGWI9VIvZ1Pwv6yS6f+OlTMSJpoLMH+onHOkITbtAPSYp0XxsBCaSmVsRGWKJiTaNFUwJ7uKXl0WzUnYvy879RbF6ldWRh2M4gTNw4RqqcAd1aACBFJ7hFd6sJ+vFerc+5qM5K9s5hD+wPn8A6uSTgQ==</latexit>

A0, A1, A2, A3, . . .

<latexit sha1_base64="3FKfao+acHqKb9cFKnJhnHhJCCo=">AAAB/nicbVDLSgMxFL1TX7W+RsWVm2ARXJQyU5/LghuXFeyLdhgyadqGZjJDkhHKUPBX3LhQxK3f4c6/MW1noa0HDhzOuZfcnCDmTGnH+bZyK6tr6xv5zcLW9s7unr1/0FBRIgmtk4hHshVgRTkTtK6Z5rQVS4rDgNNmMLqd5s1HKhWLxIMex9QL8UCwPiNYG8u3j9q+U2r7rmHF8LzU7UVa+XbRKTszoGXhZqIIGWq+/WX2SBJSoQnHSnVcJ9ZeiqVmhNNJoZsoGmMywgPaMVLgkCovnZ0/QafG6aF+JA2FRjP390aKQ6XGYWAmQ6yHajGbmv9lnUT3b7yUiTjRVJD5Q/2EIx2haReoxyQlmo+NwEQycysiQywx0aaxginBXfzysmhUyu5l2bm/KFavsjrycAwncAYuXEMV7qAGdSCQwjO8wpv1ZL1Y79bHfDRnZTuH8AfW5w+Bs5Ph</latexit>

Y0, Y1, Y2, Y3, . . .

<latexit sha1_base64="+kLYA7D0shg/cblh10mS2vFWG1I=">AAAB+3icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEsReh4MVjRdMW2lA22027dHcTdjdCCfkNXvXsTbz6Yzz6T9y2Odjqg4HHezPMzAsTzrRx3S+ntLa+sblV3q7s7O7tH1QPj9o6ThWhPol5rLoh1pQzSX3DDKfdRFEsQk474eR25neeqNIslo9mmtBA4JFkESPYWMl/GJgbd1CtuXV3DvSXeAWpQYHWoPrdH8YkFVQawrHWPc9NTJBhZRjhNK/0U00TTCZ4RHuWSiyoDrL5sTk6s8oQRbGyJQ2aq78nMiy0norQdgpsxnrVm4n/eb3URI0gYzJJDZVksShKOTIxmn2OhkxRYvjUEkwUs7ciMsYKE2PzWdoSitxm4q0m8Je0L+reVd29v6w1G0U6ZTiBUzgHD66hCXfQAh8IMHiGF3h1cufNeXc+Fq0lp5g5hiU4nz/enpTP</latexit>

St = 0

<latexit sha1_base64="uvf4uSJSLy0VQAVki1Ra4BM/7YQ="></latexit>

p(y:t|a:) =
tY

⌧=0

p(y⌧ |a⌧ )
<latexit sha1_base64="8aWLOQ7YbCKbdmeYTEvH9udzwrk=">AAAB/XicbVA9SwNBEN2LXzF+RS1tFoNgFe5EMY0QsLGMaD4kOY69zV6yZHfv2J0TwhH8DbZa24mtv8XSf+ImucJEHww83pthZl6YCG7Adb+cwsrq2vpGcbO0tb2zu1feP2iZONWUNWksYt0JiWGCK9YEDoJ1Es2IDAVrh6Prqd9+ZNrwWN3DOGG+JAPFI04JWKl9F8DVQwBBueJW3RnwX+LlpIJyNILyd68f01QyBVQQY7qem4CfEQ2cCjYp9VLDEkJHZMC6lioimfGz2bkTfGKVPo5ibUsBnqm/JzIijRnL0HZKAkOz7E3F/7xuClHNz7hKUmCKzhdFqcAQ4+nvuM81oyDGlhCqub0V0yHRhIJNaGFLKCc2E285gb+kdVb1Lqru7XmlXsvTKaIjdIxOkYcuUR3doAZqIopG6Bm9oFfnyXlz3p2PeWvByWcO0QKczx+5P5Xf</latexit>

St = Yt
<latexit sha1_base64="mO7ar5GQoT8dwTXP5OsFKSEInu8=">AAACK3icbZDLSsNAFIYnXmu9RV26GSxCi1ISLyiCUHDjsoJVoS1hMp22Q2eSMHMihJgH8SF8Bre6dqW4ceF7OK0BtfXAwMf/n8M58/uR4Boc59Wamp6ZnZsvLBQXl5ZXVu219SsdxoqyBg1FqG58opngAWsAB8FuIsWI9AW79gdnQ//6linNw+ASkoi1JekFvMspASN59n5UTrwUdtzsruVLbPgEst0hEu+kgk/xj29M2CUeVDy75FSdUeFJcHMoobzqnv3R6oQ0liwAKojWTdeJoJ0SBZwKlhVbsWYRoQPSY02DAZFMt9PR5zK8bZQO7obKvADwSP09kRKpdSJ90ykJ9PW4NxT/85oxdI/bKQ+iGFhAvxd1Y4EhxMOkcIcrRkEkBghV3NyKaZ8oQsHk+WeLLzOTiTuewCRc7VXdw6pzcVCqHefpFNAm2kJl5KIjVEPnqI4aiKJ79Iie0LP1YL1Yb9b7d+uUlc9soD9lfX4BadSmdg==</latexit>

p(yt+1|y:t,a:) = p(yt+1|yt, at)
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Different types of transducers 

<latexit sha1_base64="jXx2H2dwzwjF93fXVsEYY8/SVm0=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PAi8dIzAOSJcxOZpMhs7PLTK8QlnyCFw+KePWLvPk3TpI9aGJBQ1HVTXdXkEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GdzO//cS1EbF6xEnC/YgOlQgFo2ilRqPv9ssVt+rOQVaJl5MK5Kj3y1+9QczSiCtkkhrT9dwE/YxqFEzyaamXGp5QNqZD3rVU0YgbP5ufOiVnVhmQMNa2FJK5+nsio5ExkyiwnRHFkVn2ZuJ/XjfF8NbPhEpS5IotFoWpJBiT2d9kIDRnKCeWUKaFvZWwEdWUoU2nZEPwll9eJa2LqndVdR8uK7XrPI4inMApnIMHN1CDe6hDExgM4Rle4c2Rzovz7nwsWgtOPnMMf+B8/gDPdY1y</latexit>

S0
<latexit sha1_base64="HMEo5UGRlBy+RuuYRI1ACrzs/5U=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PAi8dIzAOSJcxOepMhs7PLzKwQlnyCFw+KePWLvPk3TpI9aGJBQ1HVTXdXkAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHstHM0nQj+hQ8pAzaqzUaPS9frniVt05yCrxclKBHPV++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzUKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPUzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2nZEPwll9eJa2LqndVdR8uK7XrPI4inMApnIMHN1CDe6hDExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gDQ+Y1z</latexit>

S1

<latexit sha1_base64="eGRx8awOura32QVG2gSfNhU987A=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PAi8eI5iHJEmYnvcmQ2dllZlYISz7BiwdFvPpF3vwbJ8keNLGgoajqprsrSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/VbT6g0j+WDGSfoR3QgecgZNVa6f+y5vXLFrbozkGXi5aQCOeq98le3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9mpE3JilT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeO1nXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtOyYbgLb68TJpnVe+i6t6dV2qXeRxFOIJjOAUPrqAGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AHYmY14</latexit>

Y0
<latexit sha1_base64="16AK0wRpyfjAhIrockso/Awocc0=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PAi8eI5iHJEmYns8mQ2dllplcISz7BiwdFvPpF3vwbJ8keNLGgoajqprsrSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWjm6nfeuLaiFg94DjhfkQHSoSCUbTS/WPP65UrbtWdgSwTLycVyFHvlb+6/ZilEVfIJDWm47kJ+hnVKJjkk1I3NTyhbEQHvGOpohE3fjY7dUJOrNInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4bWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tOyYbgLb68TJpnVe+i6t6dV2qXeRxFOIJjOAUPrqAGt1CHBjAYwDO8wpsjnRfn3fmYtxacfOYQ/sD5/AHaHY15</latexit>

Y1

<latexit sha1_base64="3i400Oud/fy7uA1s8c0oXwsVzi0=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PEi8eI5gHJEmYns8mQ2dllplcISz7BiwdFvPpF3vwbJ8keNLGgoajqprsrSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWj26nfeuLaiFg94jjhfkQHSoSCUbTSw03P7ZUrbtWdgSwTLycVyFHvlb+6/ZilEVfIJDWm47kJ+hnVKJjkk1I3NTyhbEQHvGOpohE3fjY7dUJOrNInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4bWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tOyYbgLb68TJpnVe+i6t6fV2qXeRxFOIJjOAUPrqAGd1CHBjAYwDO8wpsjnRfn3fmYtxacfOYQ/sD5/AG0CY1g</latexit>

A0
<latexit sha1_base64="KUWWlsdWjaRc6s71EbmKQ0CCzwc=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PEi8eI5gHJEmYns8mQ2dllplcISz7BiwdFvPpF3vwbJ8keNLGgoajqprsrSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWj26nfeuLaiFg94jjhfkQHSoSCUbTSw03P65UrbtWdgSwTLycVyFHvlb+6/ZilEVfIJDWm47kJ+hnVKJjkk1I3NTyhbEQHvGOpohE3fjY7dUJOrNInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4bWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tOyYbgLb68TJpnVe+i6t6fV2qXeRxFOIJjOAUPrqAGd1CHBjAYwDO8wpsjnRfn3fmYtxacfOYQ/sD5/AG1jY1h</latexit>

A1

<latexit sha1_base64="jXx2H2dwzwjF93fXVsEYY8/SVm0=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PAi8dIzAOSJcxOZpMhs7PLTK8QlnyCFw+KePWLvPk3TpI9aGJBQ1HVTXdXkEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GdzO//cS1EbF6xEnC/YgOlQgFo2ilRqPv9ssVt+rOQVaJl5MK5Kj3y1+9QczSiCtkkhrT9dwE/YxqFEzyaamXGp5QNqZD3rVU0YgbP5ufOiVnVhmQMNa2FJK5+nsio5ExkyiwnRHFkVn2ZuJ/XjfF8NbPhEpS5IotFoWpJBiT2d9kIDRnKCeWUKaFvZWwEdWUoU2nZEPwll9eJa2LqndVdR8uK7XrPI4inMApnIMHN1CDe6hDExgM4Rle4c2Rzovz7nwsWgtOPnMMf+B8/gDPdY1y</latexit>

S0
<latexit sha1_base64="HMEo5UGRlBy+RuuYRI1ACrzs/5U=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PAi8dIzAOSJcxOepMhs7PLzKwQlnyCFw+KePWLvPk3TpI9aGJBQ1HVTXdXkAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHstHM0nQj+hQ8pAzaqzUaPS9frniVt05yCrxclKBHPV++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzUKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPUzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2nZEPwll9eJa2LqndVdR8uK7XrPI4inMApnIMHN1CDe6hDExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gDQ+Y1z</latexit>

S1

<latexit sha1_base64="eGRx8awOura32QVG2gSfNhU987A=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PAi8eI5iHJEmYnvcmQ2dllZlYISz7BiwdFvPpF3vwbJ8keNLGgoajqprsrSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/VbT6g0j+WDGSfoR3QgecgZNVa6f+y5vXLFrbozkGXi5aQCOeq98le3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9mpE3JilT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeO1nXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtOyYbgLb68TJpnVe+i6t6dV2qXeRxFOIJjOAUPrqAGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AHYmY14</latexit>

Y0
<latexit sha1_base64="16AK0wRpyfjAhIrockso/Awocc0=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PAi8eI5iHJEmYns8mQ2dllplcISz7BiwdFvPpF3vwbJ8keNLGgoajqprsrSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWjm6nfeuLaiFg94DjhfkQHSoSCUbTS/WPP65UrbtWdgSwTLycVyFHvlb+6/ZilEVfIJDWm47kJ+hnVKJjkk1I3NTyhbEQHvGOpohE3fjY7dUJOrNInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4bWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tOyYbgLb68TJpnVe+i6t6dV2qXeRxFOIJjOAUPrqAGt1CHBjAYwDO8wpsjnRfn3fmYtxacfOYQ/sD5/AHaHY15</latexit>

Y1

<latexit sha1_base64="3i400Oud/fy7uA1s8c0oXwsVzi0=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PEi8eI5gHJEmYns8mQ2dllplcISz7BiwdFvPpF3vwbJ8keNLGgoajqprsrSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWj26nfeuLaiFg94jjhfkQHSoSCUbTSw03P7ZUrbtWdgSwTLycVyFHvlb+6/ZilEVfIJDWm47kJ+hnVKJjkk1I3NTyhbEQHvGOpohE3fjY7dUJOrNInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4bWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tOyYbgLb68TJpnVe+i6t6fV2qXeRxFOIJjOAUPrqAGd1CHBjAYwDO8wpsjnRfn3fmYtxacfOYQ/sD5/AG0CY1g</latexit>

A0
<latexit sha1_base64="KUWWlsdWjaRc6s71EbmKQ0CCzwc=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PEi8eI5gHJEmYns8mQ2dllplcISz7BiwdFvPpF3vwbJ8keNLGgoajqprsrSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWj26nfeuLaiFg94jjhfkQHSoSCUbTSw03P65UrbtWdgSwTLycVyFHvlb+6/ZilEVfIJDWm47kJ+hnVKJjkk1I3NTyhbEQHvGOpohE3fjY7dUJOrNInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4bWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tOyYbgLb68TJpnVe+i6t6fV2qXeRxFOIJjOAUPrqAGd1CHBjAYwDO8wpsjnRfn3fmYtxacfOYQ/sD5/AG1jY1h</latexit>

A1

<latexit sha1_base64="jXx2H2dwzwjF93fXVsEYY8/SVm0=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PAi8dIzAOSJcxOZpMhs7PLTK8QlnyCFw+KePWLvPk3TpI9aGJBQ1HVTXdXkEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GdzO//cS1EbF6xEnC/YgOlQgFo2ilRqPv9ssVt+rOQVaJl5MK5Kj3y1+9QczSiCtkkhrT9dwE/YxqFEzyaamXGp5QNqZD3rVU0YgbP5ufOiVnVhmQMNa2FJK5+nsio5ExkyiwnRHFkVn2ZuJ/XjfF8NbPhEpS5IotFoWpJBiT2d9kIDRnKCeWUKaFvZWwEdWUoU2nZEPwll9eJa2LqndVdR8uK7XrPI4inMApnIMHN1CDe6hDExgM4Rle4c2Rzovz7nwsWgtOPnMMf+B8/gDPdY1y</latexit>

S0
<latexit sha1_base64="HMEo5UGRlBy+RuuYRI1ACrzs/5U=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PAi8dIzAOSJcxOepMhs7PLzKwQlnyCFw+KePWLvPk3TpI9aGJBQ1HVTXdXkAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHstHM0nQj+hQ8pAzaqzUaPS9frniVt05yCrxclKBHPV++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzUKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPUzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2nZEPwll9eJa2LqndVdR8uK7XrPI4inMApnIMHN1CDe6hDExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gDQ+Y1z</latexit>

S1

<latexit sha1_base64="eGRx8awOura32QVG2gSfNhU987A=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PAi8eI5iHJEmYnvcmQ2dllZlYISz7BiwdFvPpF3vwbJ8keNLGgoajqprsrSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/VbT6g0j+WDGSfoR3QgecgZNVa6f+y5vXLFrbozkGXi5aQCOeq98le3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9mpE3JilT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeO1nXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtOyYbgLb68TJpnVe+i6t6dV2qXeRxFOIJjOAUPrqAGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AHYmY14</latexit>

Y0
<latexit sha1_base64="16AK0wRpyfjAhIrockso/Awocc0=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PAi8eI5iHJEmYns8mQ2dllplcISz7BiwdFvPpF3vwbJ8keNLGgoajqprsrSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWjm6nfeuLaiFg94DjhfkQHSoSCUbTS/WPP65UrbtWdgSwTLycVyFHvlb+6/ZilEVfIJDWm47kJ+hnVKJjkk1I3NTyhbEQHvGOpohE3fjY7dUJOrNInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4bWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tOyYbgLb68TJpnVe+i6t6dV2qXeRxFOIJjOAUPrqAGt1CHBjAYwDO8wpsjnRfn3fmYtxacfOYQ/sD5/AHaHY15</latexit>

Y1

<latexit sha1_base64="3i400Oud/fy7uA1s8c0oXwsVzi0=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PEi8eI5gHJEmYns8mQ2dllplcISz7BiwdFvPpF3vwbJ8keNLGgoajqprsrSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWj26nfeuLaiFg94jjhfkQHSoSCUbTSw03P7ZUrbtWdgSwTLycVyFHvlb+6/ZilEVfIJDWm47kJ+hnVKJjkk1I3NTyhbEQHvGOpohE3fjY7dUJOrNInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4bWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tOyYbgLb68TJpnVe+i6t6fV2qXeRxFOIJjOAUPrqAGd1CHBjAYwDO8wpsjnRfn3fmYtxacfOYQ/sD5/AG0CY1g</latexit>

A0
<latexit sha1_base64="KUWWlsdWjaRc6s71EbmKQ0CCzwc=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PEi8eI5gHJEmYns8mQ2dllplcISz7BiwdFvPpF3vwbJ8keNLGgoajqprsrSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWj26nfeuLaiFg94jjhfkQHSoSCUbTSw03P65UrbtWdgSwTLycVyFHvlb+6/ZilEVfIJDWm47kJ+hnVKJjkk1I3NTyhbEQHvGOpohE3fjY7dUJOrNInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4bWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tOyYbgLb68TJpnVe+i6t6fV2qXeRxFOIJjOAUPrqAGd1CHBjAYwDO8wpsjnRfn3fmYtxacfOYQ/sD5/AG1jY1h</latexit>

A1

<latexit sha1_base64="jXx2H2dwzwjF93fXVsEYY8/SVm0=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PAi8dIzAOSJcxOZpMhs7PLTK8QlnyCFw+KePWLvPk3TpI9aGJBQ1HVTXdXkEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GdzO//cS1EbF6xEnC/YgOlQgFo2ilRqPv9ssVt+rOQVaJl5MK5Kj3y1+9QczSiCtkkhrT9dwE/YxqFEzyaamXGp5QNqZD3rVU0YgbP5ufOiVnVhmQMNa2FJK5+nsio5ExkyiwnRHFkVn2ZuJ/XjfF8NbPhEpS5IotFoWpJBiT2d9kIDRnKCeWUKaFvZWwEdWUoU2nZEPwll9eJa2LqndVdR8uK7XrPI4inMApnIMHN1CDe6hDExgM4Rle4c2Rzovz7nwsWgtOPnMMf+B8/gDPdY1y</latexit>

S0
<latexit sha1_base64="HMEo5UGRlBy+RuuYRI1ACrzs/5U=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PAi8dIzAOSJcxOepMhs7PLzKwQlnyCFw+KePWLvPk3TpI9aGJBQ1HVTXdXkAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHstHM0nQj+hQ8pAzaqzUaPS9frniVt05yCrxclKBHPV++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzUKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPUzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2nZEPwll9eJa2LqndVdR8uK7XrPI4inMApnIMHN1CDe6hDExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gDQ+Y1z</latexit>

S1

<latexit sha1_base64="eGRx8awOura32QVG2gSfNhU987A=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PAi8eI5iHJEmYnvcmQ2dllZlYISz7BiwdFvPpF3vwbJ8keNLGgoajqprsrSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/VbT6g0j+WDGSfoR3QgecgZNVa6f+y5vXLFrbozkGXi5aQCOeq98le3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9mpE3JilT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeO1nXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtOyYbgLb68TJpnVe+i6t6dV2qXeRxFOIJjOAUPrqAGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AHYmY14</latexit>

Y0
<latexit sha1_base64="16AK0wRpyfjAhIrockso/Awocc0=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PAi8eI5iHJEmYns8mQ2dllplcISz7BiwdFvPpF3vwbJ8keNLGgoajqprsrSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWjm6nfeuLaiFg94DjhfkQHSoSCUbTS/WPP65UrbtWdgSwTLycVyFHvlb+6/ZilEVfIJDWm47kJ+hnVKJjkk1I3NTyhbEQHvGOpohE3fjY7dUJOrNInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4bWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tOyYbgLb68TJpnVe+i6t6dV2qXeRxFOIJjOAUPrqAGt1CHBjAYwDO8wpsjnRfn3fmYtxacfOYQ/sD5/AHaHY15</latexit>

Y1

<latexit sha1_base64="3i400Oud/fy7uA1s8c0oXwsVzi0=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PEi8eI5gHJEmYns8mQ2dllplcISz7BiwdFvPpF3vwbJ8keNLGgoajqprsrSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWj26nfeuLaiFg94jjhfkQHSoSCUbTSw03P7ZUrbtWdgSwTLycVyFHvlb+6/ZilEVfIJDWm47kJ+hnVKJjkk1I3NTyhbEQHvGOpohE3fjY7dUJOrNInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4bWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tOyYbgLb68TJpnVe+i6t6fV2qXeRxFOIJjOAUPrqAGd1CHBjAYwDO8wpsjnRfn3fmYtxacfOYQ/sD5/AG0CY1g</latexit>

A0
<latexit sha1_base64="KUWWlsdWjaRc6s71EbmKQ0CCzwc=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PEi8eI5gHJEmYns8mQ2dllplcISz7BiwdFvPpF3vwbJ8keNLGgoajqprsrSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWj26nfeuLaiFg94jjhfkQHSoSCUbTSw03P65UrbtWdgSwTLycVyFHvlb+6/ZilEVfIJDWm47kJ+hnVKJjkk1I3NTyhbEQHvGOpohE3fjY7dUJOrNInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4bWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tOyYbgLb68TJpnVe+i6t6fV2qXeRxFOIJjOAUPrqAGd1CHBjAYwDO8wpsjnRfn3fmYtxacfOYQ/sD5/AG1jY1h</latexit>

A1

<latexit sha1_base64="nLrlhEaJ603r9pG4RYv3r8yVyGk=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBA8hd3g6xjw4jES84BkCbOT3mTI7OwyMyuEJZ/gxYMiXv0ib/6Nk2QPmljQUFR1090VJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WjmSToR3QoecgZNVZqNPrVfqnsVtw5yCrxclKGHPV+6as3iFkaoTRMUK27npsYP6PKcCZwWuylGhPKxnSIXUsljVD72fzUKTm3yoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPUzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2naEPwll9eJa1qxbuquA+X5dp1HkcBTuEMLsCDG6jBPdShCQyG8Ayv8OYI58V5dz4WrWtOPnMCf+B8/gDSfY10</latexit>

S2

<latexit sha1_base64="nLrlhEaJ603r9pG4RYv3r8yVyGk=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBA8hd3g6xjw4jES84BkCbOT3mTI7OwyMyuEJZ/gxYMiXv0ib/6Nk2QPmljQUFR1090VJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WjmSToR3QoecgZNVZqNPrVfqnsVtw5yCrxclKGHPV+6as3iFkaoTRMUK27npsYP6PKcCZwWuylGhPKxnSIXUsljVD72fzUKTm3yoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPUzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2naEPwll9eJa1qxbuquA+X5dp1HkcBTuEMLsCDG6jBPdShCQyG8Ayv8OYI58V5dz4WrWtOPnMCf+B8/gDSfY10</latexit>

S2
<latexit sha1_base64="nLrlhEaJ603r9pG4RYv3r8yVyGk=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBA8hd3g6xjw4jES84BkCbOT3mTI7OwyMyuEJZ/gxYMiXv0ib/6Nk2QPmljQUFR1090VJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WjmSToR3QoecgZNVZqNPrVfqnsVtw5yCrxclKGHPV+6as3iFkaoTRMUK27npsYP6PKcCZwWuylGhPKxnSIXUsljVD72fzUKTm3yoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPUzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2naEPwll9eJa1qxbuquA+X5dp1HkcBTuEMLsCDG6jBPdShCQyG8Ayv8OYI58V5dz4WrWtOPnMCf+B8/gDSfY10</latexit>

S2

<latexit sha1_base64="nLrlhEaJ603r9pG4RYv3r8yVyGk=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBA8hd3g6xjw4jES84BkCbOT3mTI7OwyMyuEJZ/gxYMiXv0ib/6Nk2QPmljQUFR1090VJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WjmSToR3QoecgZNVZqNPrVfqnsVtw5yCrxclKGHPV+6as3iFkaoTRMUK27npsYP6PKcCZwWuylGhPKxnSIXUsljVD72fzUKTm3yoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPUzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2naEPwll9eJa1qxbuquA+X5dp1HkcBTuEMLsCDG6jBPdShCQyG8Ayv8OYI58V5dz4WrWtOPnMCf+B8/gDSfY10</latexit>

S2

<latexit sha1_base64="lydmedYrfvAz/vPvGmbYvb1Fj/A="></latexit>

⌧ (y, s̃|a, s) = µ⌧ (y|s)⌫⌧ (s̃|y, a, s)

<latexit sha1_base64="UE3gxbW6i/zahj9V690gX9p/22w="></latexit>

⌧ (y, s̃|a, s) = µ⌧ (y|a, s)⌫⌧ (s̃|a, s)

<latexit sha1_base64="YlDV86VM5rzwIHmJ7heslimBqwM="></latexit>

⌧ (y, s̃|a, s) = µ⌧ (y|s)⌫⌧ (s̃|a, s)

<latexit sha1_base64="z5ezAPCeDfXhkKMaRLapH/6UY+I=">AAACFnicbVDLSgNBEJz1GeMr6lGQwSBECGFXFHMMePEYwTwgG0LvZJIMmX0w0yuENTc/wm/wqmdv4tWrR//ESbIHk1jQUFR1093lRVJotO1va2V1bX1jM7OV3d7Z3dvPHRzWdRgrxmsslKFqeqC5FAGvoUDJm5Hi4HuSN7zhzcRvPHClRRjc4yjibR/6gegJBmikTu7EHUIUQcdFiAujootCdnmix48UilSfd3J5u2RPQZeJk5I8SVHt5H7cbshinwfIJGjdcuwI2wkoFEzycdaNNY+ADaHPW4YG4HPdTqZ/jOmZUbq0FypTAdKp+nciAV/rke+ZTh9woBe9ifif14qxV24nIohi5AGbLerFkmJIJ6HQrlCcoRwZAkwJcytlA1DA0EQ3t8XzxyYTZzGBZVK/KDlXJfvuMl8pp+lkyDE5JQXikGtSIbekSmqEkSfyQl7Jm/VsvVsf1uesdcVKZ47IHKyvX2mMn2A=</latexit>

⌧ (y, s̃|a, s)

Full transducer POMDP — action first

POMDP — observation firstBelief transducer
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Reducing transducers 

Can all interfaces be simulated via a transducer? 

<latexit sha1_base64="jXx2H2dwzwjF93fXVsEYY8/SVm0=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PAi8dIzAOSJcxOZpMhs7PLTK8QlnyCFw+KePWLvPk3TpI9aGJBQ1HVTXdXkEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GdzO//cS1EbF6xEnC/YgOlQgFo2ilRqPv9ssVt+rOQVaJl5MK5Kj3y1+9QczSiCtkkhrT9dwE/YxqFEzyaamXGp5QNqZD3rVU0YgbP5ufOiVnVhmQMNa2FJK5+nsio5ExkyiwnRHFkVn2ZuJ/XjfF8NbPhEpS5IotFoWpJBiT2d9kIDRnKCeWUKaFvZWwEdWUoU2nZEPwll9eJa2LqndVdR8uK7XrPI4inMApnIMHN1CDe6hDExgM4Rle4c2Rzovz7nwsWgtOPnMMf+B8/gDPdY1y</latexit>

S0
<latexit sha1_base64="HMEo5UGRlBy+RuuYRI1ACrzs/5U=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PAi8dIzAOSJcxOepMhs7PLzKwQlnyCFw+KePWLvPk3TpI9aGJBQ1HVTXdXkAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHstHM0nQj+hQ8pAzaqzUaPS9frniVt05yCrxclKBHPV++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzUKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPUzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2nZEPwll9eJa2LqndVdR8uK7XrPI4inMApnIMHN1CDe6hDExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gDQ+Y1z</latexit>

S1
<latexit sha1_base64="nLrlhEaJ603r9pG4RYv3r8yVyGk=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBA8hd3g6xjw4jES84BkCbOT3mTI7OwyMyuEJZ/gxYMiXv0ib/6Nk2QPmljQUFR1090VJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WjmSToR3QoecgZNVZqNPrVfqnsVtw5yCrxclKGHPV+6as3iFkaoTRMUK27npsYP6PKcCZwWuylGhPKxnSIXUsljVD72fzUKTm3yoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPUzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2naEPwll9eJa1qxbuquA+X5dp1HkcBTuEMLsCDG6jBPdShCQyG8Ayv8OYI58V5dz4WrWtOPnMCf+B8/gDSfY10</latexit>

S2
<latexit sha1_base64="gfuhOBk8GyD8QOuBg9WbhLHBIYo=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6Pga8eIzEPCBZwuxkNhkyO7vM9AphySd48aCIV7/Im3/jJNmDRgsaiqpuuruCRAqDrvvlFFZW19Y3ipulre2d3b3y/kHLxKlmvMliGetOQA2XQvEmCpS8k2hOo0DydjC+nfntR66NiNUDThLuR3SoRCgYRSs1Gv3zfrniVt05yF/i5aQCOer98mdvELM04gqZpMZ0PTdBP6MaBZN8WuqlhieUjemQdy1VNOLGz+anTsmJVQYkjLUthWSu/pzIaGTMJApsZ0RxZJa9mfif100xvPEzoZIUuWKLRWEqCcZk9jcZCM0ZyokllGlhbyVsRDVlaNMp2RC85Zf/ktZZ1busuvcXldpVHkcRjuAYTsGDa6jBHdShCQyG8AQv8OpI59l5c94XrQUnnzmEX3A+vgHUAY11</latexit>

S3

<latexit sha1_base64="eGRx8awOura32QVG2gSfNhU987A=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PAi8eI5iHJEmYnvcmQ2dllZlYISz7BiwdFvPpF3vwbJ8keNLGgoajqprsrSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/VbT6g0j+WDGSfoR3QgecgZNVa6f+y5vXLFrbozkGXi5aQCOeq98le3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9mpE3JilT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeO1nXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtOyYbgLb68TJpnVe+i6t6dV2qXeRxFOIJjOAUPrqAGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AHYmY14</latexit>

Y0
<latexit sha1_base64="16AK0wRpyfjAhIrockso/Awocc0=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PAi8eI5iHJEmYns8mQ2dllplcISz7BiwdFvPpF3vwbJ8keNLGgoajqprsrSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWjm6nfeuLaiFg94DjhfkQHSoSCUbTS/WPP65UrbtWdgSwTLycVyFHvlb+6/ZilEVfIJDWm47kJ+hnVKJjkk1I3NTyhbEQHvGOpohE3fjY7dUJOrNInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4bWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tOyYbgLb68TJpnVe+i6t6dV2qXeRxFOIJjOAUPrqAGt1CHBjAYwDO8wpsjnRfn3fmYtxacfOYQ/sD5/AHaHY15</latexit>

Y1
<latexit sha1_base64="XOcNmObYDnLX6nldISv71/rEt8Q=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBA8hd3g6xjw4jGieUiyhNnJbDJkdnaZ6RXCkk/w4kERr36RN//GSbIHTSxoKKq66e4KEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXFtRKwecJxwP6IDJULBKFrp/rFX7ZXKbsWdgSwTLydlyFHvlb66/ZilEVfIJDWm47kJ+hnVKJjkk2I3NTyhbEQHvGOpohE3fjY7dUJOrdInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4bWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tO0YbgLb68TJrVindRce/Oy7XLPI4CHMMJnIEHV1CDW6hDAxgM4Ble4c2Rzovz7nzMW1ecfOYI/sD5/AHboY16</latexit>

Y2
<latexit sha1_base64="6Z9gNi3iBcnSZ+bKgm0gMGLjIyY=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6Pga8eIxoHpIsYXbSmwyZnV1mZoWw5BO8eFDEq1/kzb9xkuxBowUNRVU33V1BIrg2rvvlFJaWV1bXiuuljc2t7Z3y7l5Tx6li2GCxiFU7oBoFl9gw3AhsJwppFAhsBaPrqd96RKV5LO/NOEE/ogPJQ86osdLdQ++0V664VXcG8pd4OalAjnqv/NntxyyNUBomqNYdz02Mn1FlOBM4KXVTjQllIzrAjqWSRqj9bHbqhBxZpU/CWNmShszUnxMZjbQeR4HtjKgZ6kVvKv7ndVITXvkZl0lqULL5ojAVxMRk+jfpc4XMiLEllClubyVsSBVlxqZTsiF4iy//Jc2TqndedW/PKrWLPI4iHMAhHIMHl1CDG6hDAxgM4Ale4NURzrPz5rzPWwtOPrMPv+B8fAPdJY17</latexit>

Y3

<latexit sha1_base64="3i400Oud/fy7uA1s8c0oXwsVzi0=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PEi8eI5gHJEmYns8mQ2dllplcISz7BiwdFvPpF3vwbJ8keNLGgoajqprsrSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWj26nfeuLaiFg94jjhfkQHSoSCUbTSw03P7ZUrbtWdgSwTLycVyFHvlb+6/ZilEVfIJDWm47kJ+hnVKJjkk1I3NTyhbEQHvGOpohE3fjY7dUJOrNInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4bWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tOyYbgLb68TJpnVe+i6t6fV2qXeRxFOIJjOAUPrqAGd1CHBjAYwDO8wpsjnRfn3fmYtxacfOYQ/sD5/AG0CY1g</latexit>

A0
<latexit sha1_base64="KUWWlsdWjaRc6s71EbmKQ0CCzwc=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PEi8eI5gHJEmYns8mQ2dllplcISz7BiwdFvPpF3vwbJ8keNLGgoajqprsrSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWj26nfeuLaiFg94jjhfkQHSoSCUbTSw03P65UrbtWdgSwTLycVyFHvlb+6/ZilEVfIJDWm47kJ+hnVKJjkk1I3NTyhbEQHvGOpohE3fjY7dUJOrNInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4bWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tOyYbgLb68TJpnVe+i6t6fV2qXeRxFOIJjOAUPrqAGd1CHBjAYwDO8wpsjnRfn3fmYtxacfOYQ/sD5/AG1jY1h</latexit>

A1
<latexit sha1_base64="Bagk0F5cRg8Svqcq5JIgCsxP9nY=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBA8hd3g6xjx4jGieUCyhNlJbzJkdnaZmRXCkk/w4kERr36RN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nfqtJ1Sax/LRjBP0IzqQPOSMGis93PSqvVLZrbgzkGXi5aQMOeq90le3H7M0QmmYoFp3PDcxfkaV4UzgpNhNNSaUjegAO5ZKGqH2s9mpE3JqlT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeO1nXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtO0YbgLb68TJrVindRce/Py7XLPI4CHMMJnIEHV1CDO6hDAxgM4Ble4c0Rzovz7nzMW1ecfOYI/sD5/AG3EY1i</latexit>

A2
<latexit sha1_base64="1C/NMCPh5W0wlkjTs6ifqgyB3fo=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6Pka8eIxoHpAsYXYymwyZnV1meoWw5BO8eFDEq1/kzb9xkuxBowUNRVU33V1BIoVB1/1yCkvLK6trxfXSxubW9k55d69p4lQz3mCxjHU7oIZLoXgDBUreTjSnUSB5KxjdTP3WI9dGxOoBxwn3IzpQIhSMopXur3unvXLFrbozkL/Ey0kFctR75c9uP2ZpxBUySY3peG6CfkY1Cib5pNRNDU8oG9EB71iqaMSNn81OnZAjq/RJGGtbCslM/TmR0ciYcRTYzoji0Cx6U/E/r5NieOVnQiUpcsXmi8JUEozJ9G/SF5ozlGNLKNPC3krYkGrK0KZTsiF4iy//Jc2Tqndede/OKrWLPI4iHMAhHIMHl1CDW6hDAxgM4Ale4NWRzrPz5rzPWwtOPrMPv+B8fAO4lY1j</latexit>

A3
<latexit sha1_base64="SOJBYcTljxMO6QieairlWbCDFBk=">AAAB/nicbVDLSgMxFL1TX7W+RsWVm2ARXJQyU5/LFjcuK9gHtMOQSdM2NJMZkoxQhoK/4saFIm79Dnf+jWk7C209cOBwzr3k5gQxZ0o7zreVW1ldW9/Ibxa2tnd29+z9g6aKEklog0Q8ku0AK8qZoA3NNKftWFIcBpy2gtHtNG89UqlYJB70OKZeiAeC9RnB2li+fVTznVLNdw0rhuelbi/SyreLTtmZAS0LNxNFyFD37S+zR5KQCk04VqrjOrH2Uiw1I5xOCt1E0RiTER7QjpECh1R56ez8CTo1Tg/1I2koNJq5vzdSHCo1DgMzGWI9VIvZ1Pwv6yS6f+OlTMSJpoLMH+onHOkITbtAPSYp0XxsBCaSmVsRGWKJiTaNFUwJ7uKXl0WzUnYvy879RbF6ldWRh2M4gTNw4RqqcAd1aACBFJ7hFd6sJ+vFerc+5qM5K9s5hD+wPn8A6uSTgQ==</latexit>

A0, A1, A2, A3, . . .

<latexit sha1_base64="3FKfao+acHqKb9cFKnJhnHhJCCo=">AAAB/nicbVDLSgMxFL1TX7W+RsWVm2ARXJQyU5/LghuXFeyLdhgyadqGZjJDkhHKUPBX3LhQxK3f4c6/MW1noa0HDhzOuZfcnCDmTGnH+bZyK6tr6xv5zcLW9s7unr1/0FBRIgmtk4hHshVgRTkTtK6Z5rQVS4rDgNNmMLqd5s1HKhWLxIMex9QL8UCwPiNYG8u3j9q+U2r7rmHF8LzU7UVa+XbRKTszoGXhZqIIGWq+/WX2SBJSoQnHSnVcJ9ZeiqVmhNNJoZsoGmMywgPaMVLgkCovnZ0/QafG6aF+JA2FRjP390aKQ6XGYWAmQ6yHajGbmv9lnUT3b7yUiTjRVJD5Q/2EIx2haReoxyQlmo+NwEQycysiQywx0aaxginBXfzysmhUyu5l2bm/KFavsjrycAwncAYuXEMV7qAGdSCQwjO8wpv1ZL1Y79bHfDRnZTuH8AfW5w+Bs5Ph</latexit>

Y0, Y1, Y2, Y3, . . .

<latexit sha1_base64="QVKkqqzWzmxl8y/oHSi4KfTxXeI="></latexit>

p(y:ts:t+1|a:) = p(s0)
tY

⌧=0

⌧ (y⌧ , s⌧+1|a⌧ , st)
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Reducing transducers 

Can all interfaces be simulated via a transducer? 

Yes! Consider the transducer “Funes” with world model                           .  

<latexit sha1_base64="jXx2H2dwzwjF93fXVsEYY8/SVm0=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PAi8dIzAOSJcxOZpMhs7PLTK8QlnyCFw+KePWLvPk3TpI9aGJBQ1HVTXdXkEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GdzO//cS1EbF6xEnC/YgOlQgFo2ilRqPv9ssVt+rOQVaJl5MK5Kj3y1+9QczSiCtkkhrT9dwE/YxqFEzyaamXGp5QNqZD3rVU0YgbP5ufOiVnVhmQMNa2FJK5+nsio5ExkyiwnRHFkVn2ZuJ/XjfF8NbPhEpS5IotFoWpJBiT2d9kIDRnKCeWUKaFvZWwEdWUoU2nZEPwll9eJa2LqndVdR8uK7XrPI4inMApnIMHN1CDe6hDExgM4Rle4c2Rzovz7nwsWgtOPnMMf+B8/gDPdY1y</latexit>

S0
<latexit sha1_base64="HMEo5UGRlBy+RuuYRI1ACrzs/5U=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PAi8dIzAOSJcxOepMhs7PLzKwQlnyCFw+KePWLvPk3TpI9aGJBQ1HVTXdXkAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHstHM0nQj+hQ8pAzaqzUaPS9frniVt05yCrxclKBHPV++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzUKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPUzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2nZEPwll9eJa2LqndVdR8uK7XrPI4inMApnIMHN1CDe6hDExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gDQ+Y1z</latexit>

S1
<latexit sha1_base64="nLrlhEaJ603r9pG4RYv3r8yVyGk=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBA8hd3g6xjw4jES84BkCbOT3mTI7OwyMyuEJZ/gxYMiXv0ib/6Nk2QPmljQUFR1090VJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WjmSToR3QoecgZNVZqNPrVfqnsVtw5yCrxclKGHPV+6as3iFkaoTRMUK27npsYP6PKcCZwWuylGhPKxnSIXUsljVD72fzUKTm3yoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPUzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2naEPwll9eJa1qxbuquA+X5dp1HkcBTuEMLsCDG6jBPdShCQyG8Ayv8OYI58V5dz4WrWtOPnMCf+B8/gDSfY10</latexit>

S2
<latexit sha1_base64="gfuhOBk8GyD8QOuBg9WbhLHBIYo=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6Pga8eIzEPCBZwuxkNhkyO7vM9AphySd48aCIV7/Im3/jJNmDRgsaiqpuuruCRAqDrvvlFFZW19Y3ipulre2d3b3y/kHLxKlmvMliGetOQA2XQvEmCpS8k2hOo0DydjC+nfntR66NiNUDThLuR3SoRCgYRSs1Gv3zfrniVt05yF/i5aQCOer98mdvELM04gqZpMZ0PTdBP6MaBZN8WuqlhieUjemQdy1VNOLGz+anTsmJVQYkjLUthWSu/pzIaGTMJApsZ0RxZJa9mfif100xvPEzoZIUuWKLRWEqCcZk9jcZCM0ZyokllGlhbyVsRDVlaNMp2RC85Zf/ktZZ1busuvcXldpVHkcRjuAYTsGDa6jBHdShCQyG8AQv8OpI59l5c94XrQUnnzmEX3A+vgHUAY11</latexit>

S3

<latexit sha1_base64="eGRx8awOura32QVG2gSfNhU987A=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PAi8eI5iHJEmYnvcmQ2dllZlYISz7BiwdFvPpF3vwbJ8keNLGgoajqprsrSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/VbT6g0j+WDGSfoR3QgecgZNVa6f+y5vXLFrbozkGXi5aQCOeq98le3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9mpE3JilT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeO1nXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtOyYbgLb68TJpnVe+i6t6dV2qXeRxFOIJjOAUPrqAGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AHYmY14</latexit>

Y0
<latexit sha1_base64="16AK0wRpyfjAhIrockso/Awocc0=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PAi8eI5iHJEmYns8mQ2dllplcISz7BiwdFvPpF3vwbJ8keNLGgoajqprsrSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWjm6nfeuLaiFg94DjhfkQHSoSCUbTS/WPP65UrbtWdgSwTLycVyFHvlb+6/ZilEVfIJDWm47kJ+hnVKJjkk1I3NTyhbEQHvGOpohE3fjY7dUJOrNInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4bWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tOyYbgLb68TJpnVe+i6t6dV2qXeRxFOIJjOAUPrqAGt1CHBjAYwDO8wpsjnRfn3fmYtxacfOYQ/sD5/AHaHY15</latexit>

Y1
<latexit sha1_base64="XOcNmObYDnLX6nldISv71/rEt8Q=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBA8hd3g6xjw4jGieUiyhNnJbDJkdnaZ6RXCkk/w4kERr36RN//GSbIHTSxoKKq66e4KEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXFtRKwecJxwP6IDJULBKFrp/rFX7ZXKbsWdgSwTLydlyFHvlb66/ZilEVfIJDWm47kJ+hnVKJjkk2I3NTyhbEQHvGOpohE3fjY7dUJOrdInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4bWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tO0YbgLb68TJrVindRce/Oy7XLPI4CHMMJnIEHV1CDW6hDAxgM4Ble4c2Rzovz7nzMW1ecfOYI/sD5/AHboY16</latexit>

Y2
<latexit sha1_base64="6Z9gNi3iBcnSZ+bKgm0gMGLjIyY=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6Pga8eIxoHpIsYXbSmwyZnV1mZoWw5BO8eFDEq1/kzb9xkuxBowUNRVU33V1BIrg2rvvlFJaWV1bXiuuljc2t7Z3y7l5Tx6li2GCxiFU7oBoFl9gw3AhsJwppFAhsBaPrqd96RKV5LO/NOEE/ogPJQ86osdLdQ++0V664VXcG8pd4OalAjnqv/NntxyyNUBomqNYdz02Mn1FlOBM4KXVTjQllIzrAjqWSRqj9bHbqhBxZpU/CWNmShszUnxMZjbQeR4HtjKgZ6kVvKv7ndVITXvkZl0lqULL5ojAVxMRk+jfpc4XMiLEllClubyVsSBVlxqZTsiF4iy//Jc2TqndedW/PKrWLPI4iHMAhHIMHl1CDG6hDAxgM4Ale4NURzrPz5rzPWwtOPrMPv+B8fAPdJY17</latexit>

Y3

<latexit sha1_base64="3i400Oud/fy7uA1s8c0oXwsVzi0=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PEi8eI5gHJEmYns8mQ2dllplcISz7BiwdFvPpF3vwbJ8keNLGgoajqprsrSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWj26nfeuLaiFg94jjhfkQHSoSCUbTSw03P7ZUrbtWdgSwTLycVyFHvlb+6/ZilEVfIJDWm47kJ+hnVKJjkk1I3NTyhbEQHvGOpohE3fjY7dUJOrNInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4bWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tOyYbgLb68TJpnVe+i6t6fV2qXeRxFOIJjOAUPrqAGd1CHBjAYwDO8wpsjnRfn3fmYtxacfOYQ/sD5/AG0CY1g</latexit>

A0
<latexit sha1_base64="KUWWlsdWjaRc6s71EbmKQ0CCzwc=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PEi8eI5gHJEmYns8mQ2dllplcISz7BiwdFvPpF3vwbJ8keNLGgoajqprsrSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWj26nfeuLaiFg94jjhfkQHSoSCUbTSw03P65UrbtWdgSwTLycVyFHvlb+6/ZilEVfIJDWm47kJ+hnVKJjkk1I3NTyhbEQHvGOpohE3fjY7dUJOrNInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4bWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tOyYbgLb68TJpnVe+i6t6fV2qXeRxFOIJjOAUPrqAGd1CHBjAYwDO8wpsjnRfn3fmYtxacfOYQ/sD5/AG1jY1h</latexit>

A1
<latexit sha1_base64="Bagk0F5cRg8Svqcq5JIgCsxP9nY=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBA8hd3g6xjx4jGieUCyhNlJbzJkdnaZmRXCkk/w4kERr36RN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nfqtJ1Sax/LRjBP0IzqQPOSMGis93PSqvVLZrbgzkGXi5aQMOeq90le3H7M0QmmYoFp3PDcxfkaV4UzgpNhNNSaUjegAO5ZKGqH2s9mpE3JqlT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeO1nXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtO0YbgLb68TJrVindRce/Py7XLPI4CHMMJnIEHV1CDO6hDAxgM4Ble4c0Rzovz7nzMW1ecfOYI/sD5/AG3EY1i</latexit>

A2
<latexit sha1_base64="1C/NMCPh5W0wlkjTs6ifqgyB3fo=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6Pka8eIxoHpAsYXYymwyZnV1meoWw5BO8eFDEq1/kzb9xkuxBowUNRVU33V1BIoVB1/1yCkvLK6trxfXSxubW9k55d69p4lQz3mCxjHU7oIZLoXgDBUreTjSnUSB5KxjdTP3WI9dGxOoBxwn3IzpQIhSMopXur3unvXLFrbozkL/Ey0kFctR75c9uP2ZpxBUySY3peG6CfkY1Cib5pNRNDU8oG9EB71iqaMSNn81OnZAjq/RJGGtbCslM/TmR0ciYcRTYzoji0Cx6U/E/r5NieOVnQiUpcsXmi8JUEozJ9G/SF5ozlGNLKNPC3krYkGrK0KZTsiF4iy//Jc2Tqndede/OKrWLPI4iHMAhHIMHl1CDW6hDAxgM4Ale4NWRzrPz5rzPWwtOPrMPv+B8fAO4lY1j</latexit>

A3
<latexit sha1_base64="SOJBYcTljxMO6QieairlWbCDFBk=">AAAB/nicbVDLSgMxFL1TX7W+RsWVm2ARXJQyU5/LFjcuK9gHtMOQSdM2NJMZkoxQhoK/4saFIm79Dnf+jWk7C209cOBwzr3k5gQxZ0o7zreVW1ldW9/Ibxa2tnd29+z9g6aKEklog0Q8ku0AK8qZoA3NNKftWFIcBpy2gtHtNG89UqlYJB70OKZeiAeC9RnB2li+fVTznVLNdw0rhuelbi/SyreLTtmZAS0LNxNFyFD37S+zR5KQCk04VqrjOrH2Uiw1I5xOCt1E0RiTER7QjpECh1R56ez8CTo1Tg/1I2koNJq5vzdSHCo1DgMzGWI9VIvZ1Pwv6yS6f+OlTMSJpoLMH+onHOkITbtAPSYp0XxsBCaSmVsRGWKJiTaNFUwJ7uKXl0WzUnYvy879RbF6ldWRh2M4gTNw4RqqcAd1aACBFJ7hFd6sJ+vFerc+5qM5K9s5hD+wPn8A6uSTgQ==</latexit>

A0, A1, A2, A3, . . .

<latexit sha1_base64="3FKfao+acHqKb9cFKnJhnHhJCCo=">AAAB/nicbVDLSgMxFL1TX7W+RsWVm2ARXJQyU5/LghuXFeyLdhgyadqGZjJDkhHKUPBX3LhQxK3f4c6/MW1noa0HDhzOuZfcnCDmTGnH+bZyK6tr6xv5zcLW9s7unr1/0FBRIgmtk4hHshVgRTkTtK6Z5rQVS4rDgNNmMLqd5s1HKhWLxIMex9QL8UCwPiNYG8u3j9q+U2r7rmHF8LzU7UVa+XbRKTszoGXhZqIIGWq+/WX2SBJSoQnHSnVcJ9ZeiqVmhNNJoZsoGmMywgPaMVLgkCovnZ0/QafG6aF+JA2FRjP390aKQ6XGYWAmQ6yHajGbmv9lnUT3b7yUiTjRVJD5Q/2EIx2haReoxyQlmo+NwEQycysiQywx0aaxginBXfzysmhUyu5l2bm/KFavsjrycAwncAYuXEMV7qAGdSCQwjO8wpv1ZL1Y79bHfDRnZTuH8AfW5w+Bs5Ph</latexit>

Y0, Y1, Y2, Y3, . . .

<latexit sha1_base64="QVKkqqzWzmxl8y/oHSi4KfTxXeI="></latexit>

p(y:ts:t+1|a:) = p(s0)
tY

⌧=0

⌧ (y⌧ , s⌧+1|a⌧ , st)

<latexit sha1_base64="H6fpI15PJavRNgoXifoxdh6I+jQ=">AAACCnicbVDLSsNAFJ34rPUV69LNYBHcWBJRLIJQcNNlRfuANoTJdNIOnUnCzI1YQv/Ab3Cra3fi1p9w6Z+YtFnY1gMXDufcy7kcLxJcg2V9Gyura+sbm4Wt4vbO7t6+eVBq6TBWlDVpKELV8YhmggesCRwE60SKEekJ1vZGt5nffmRK8zB4gHHEHEkGAfc5JZBKrlm6dwHf4J4ncd1NruHMnrhm2apYU+BlYuekjHI0XPOn1w9pLFkAVBCtu7YVgZMQBZwKNin2Ys0iQkdkwLopDYhk2kmmv0/wSar0sR+qdALAU/XvRUKk1mPppZuSwFAvepn4n9eNwa86CQ+iGFhAZ0F+LDCEOCsC97liFMQ4JYQqnv6K6ZAoQiGtay7Fk1kn9mIDy6R1XrEvK9bdRblWzdspoCN0jE6Rja5QDdVRAzURRU/oBb2iN+PZeDc+jM/Z6oqR3xyiORhfv7rkmYg=</latexit>

St = H:t�1

<latexit sha1_base64="uLYeRCipwxTDljFR50Hy6RUnjZk="></latexit>

S0 = 0, S1 = (A0, Y0), S2 = (A:1,Y:1), . . .
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Reducing transducers 

Can all interfaces be simulated via a transducer? 

Yes! Consider the transducer “Funes” with world model                           .  

—> It works, but requires exponential amounts of memory 

<latexit sha1_base64="jXx2H2dwzwjF93fXVsEYY8/SVm0=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PAi8dIzAOSJcxOZpMhs7PLTK8QlnyCFw+KePWLvPk3TpI9aGJBQ1HVTXdXkEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GdzO//cS1EbF6xEnC/YgOlQgFo2ilRqPv9ssVt+rOQVaJl5MK5Kj3y1+9QczSiCtkkhrT9dwE/YxqFEzyaamXGp5QNqZD3rVU0YgbP5ufOiVnVhmQMNa2FJK5+nsio5ExkyiwnRHFkVn2ZuJ/XjfF8NbPhEpS5IotFoWpJBiT2d9kIDRnKCeWUKaFvZWwEdWUoU2nZEPwll9eJa2LqndVdR8uK7XrPI4inMApnIMHN1CDe6hDExgM4Rle4c2Rzovz7nwsWgtOPnMMf+B8/gDPdY1y</latexit>

S0
<latexit sha1_base64="HMEo5UGRlBy+RuuYRI1ACrzs/5U=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PAi8dIzAOSJcxOepMhs7PLzKwQlnyCFw+KePWLvPk3TpI9aGJBQ1HVTXdXkAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHstHM0nQj+hQ8pAzaqzUaPS9frniVt05yCrxclKBHPV++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzUKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPUzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2nZEPwll9eJa2LqndVdR8uK7XrPI4inMApnIMHN1CDe6hDExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gDQ+Y1z</latexit>

S1
<latexit sha1_base64="nLrlhEaJ603r9pG4RYv3r8yVyGk=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBA8hd3g6xjw4jES84BkCbOT3mTI7OwyMyuEJZ/gxYMiXv0ib/6Nk2QPmljQUFR1090VJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WjmSToR3QoecgZNVZqNPrVfqnsVtw5yCrxclKGHPV+6as3iFkaoTRMUK27npsYP6PKcCZwWuylGhPKxnSIXUsljVD72fzUKTm3yoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPUzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2naEPwll9eJa1qxbuquA+X5dp1HkcBTuEMLsCDG6jBPdShCQyG8Ayv8OYI58V5dz4WrWtOPnMCf+B8/gDSfY10</latexit>

S2
<latexit sha1_base64="gfuhOBk8GyD8QOuBg9WbhLHBIYo=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6Pga8eIzEPCBZwuxkNhkyO7vM9AphySd48aCIV7/Im3/jJNmDRgsaiqpuuruCRAqDrvvlFFZW19Y3ipulre2d3b3y/kHLxKlmvMliGetOQA2XQvEmCpS8k2hOo0DydjC+nfntR66NiNUDThLuR3SoRCgYRSs1Gv3zfrniVt05yF/i5aQCOer98mdvELM04gqZpMZ0PTdBP6MaBZN8WuqlhieUjemQdy1VNOLGz+anTsmJVQYkjLUthWSu/pzIaGTMJApsZ0RxZJa9mfif100xvPEzoZIUuWKLRWEqCcZk9jcZCM0ZyokllGlhbyVsRDVlaNMp2RC85Zf/ktZZ1busuvcXldpVHkcRjuAYTsGDa6jBHdShCQyG8AQv8OpI59l5c94XrQUnnzmEX3A+vgHUAY11</latexit>

S3

<latexit sha1_base64="eGRx8awOura32QVG2gSfNhU987A=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PAi8eI5iHJEmYnvcmQ2dllZlYISz7BiwdFvPpF3vwbJ8keNLGgoajqprsrSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/VbT6g0j+WDGSfoR3QgecgZNVa6f+y5vXLFrbozkGXi5aQCOeq98le3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9mpE3JilT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeO1nXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtOyYbgLb68TJpnVe+i6t6dV2qXeRxFOIJjOAUPrqAGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AHYmY14</latexit>

Y0
<latexit sha1_base64="16AK0wRpyfjAhIrockso/Awocc0=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PAi8eI5iHJEmYns8mQ2dllplcISz7BiwdFvPpF3vwbJ8keNLGgoajqprsrSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWjm6nfeuLaiFg94DjhfkQHSoSCUbTS/WPP65UrbtWdgSwTLycVyFHvlb+6/ZilEVfIJDWm47kJ+hnVKJjkk1I3NTyhbEQHvGOpohE3fjY7dUJOrNInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4bWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tOyYbgLb68TJpnVe+i6t6dV2qXeRxFOIJjOAUPrqAGt1CHBjAYwDO8wpsjnRfn3fmYtxacfOYQ/sD5/AHaHY15</latexit>

Y1
<latexit sha1_base64="XOcNmObYDnLX6nldISv71/rEt8Q=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBA8hd3g6xjw4jGieUiyhNnJbDJkdnaZ6RXCkk/w4kERr36RN//GSbIHTSxoKKq66e4KEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXFtRKwecJxwP6IDJULBKFrp/rFX7ZXKbsWdgSwTLydlyFHvlb66/ZilEVfIJDWm47kJ+hnVKJjkk2I3NTyhbEQHvGOpohE3fjY7dUJOrdInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4bWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tO0YbgLb68TJrVindRce/Oy7XLPI4CHMMJnIEHV1CDW6hDAxgM4Ble4c2Rzovz7nzMW1ecfOYI/sD5/AHboY16</latexit>

Y2
<latexit sha1_base64="6Z9gNi3iBcnSZ+bKgm0gMGLjIyY=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6Pga8eIxoHpIsYXbSmwyZnV1mZoWw5BO8eFDEq1/kzb9xkuxBowUNRVU33V1BIrg2rvvlFJaWV1bXiuuljc2t7Z3y7l5Tx6li2GCxiFU7oBoFl9gw3AhsJwppFAhsBaPrqd96RKV5LO/NOEE/ogPJQ86osdLdQ++0V664VXcG8pd4OalAjnqv/NntxyyNUBomqNYdz02Mn1FlOBM4KXVTjQllIzrAjqWSRqj9bHbqhBxZpU/CWNmShszUnxMZjbQeR4HtjKgZ6kVvKv7ndVITXvkZl0lqULL5ojAVxMRk+jfpc4XMiLEllClubyVsSBVlxqZTsiF4iy//Jc2TqndedW/PKrWLPI4iHMAhHIMHl1CDG6hDAxgM4Ale4NURzrPz5rzPWwtOPrMPv+B8fAPdJY17</latexit>

Y3

<latexit sha1_base64="3i400Oud/fy7uA1s8c0oXwsVzi0=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PEi8eI5gHJEmYns8mQ2dllplcISz7BiwdFvPpF3vwbJ8keNLGgoajqprsrSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWj26nfeuLaiFg94jjhfkQHSoSCUbTSw03P7ZUrbtWdgSwTLycVyFHvlb+6/ZilEVfIJDWm47kJ+hnVKJjkk1I3NTyhbEQHvGOpohE3fjY7dUJOrNInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4bWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tOyYbgLb68TJpnVe+i6t6fV2qXeRxFOIJjOAUPrqAGd1CHBjAYwDO8wpsjnRfn3fmYtxacfOYQ/sD5/AG0CY1g</latexit>

A0
<latexit sha1_base64="KUWWlsdWjaRc6s71EbmKQ0CCzwc=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PEi8eI5gHJEmYns8mQ2dllplcISz7BiwdFvPpF3vwbJ8keNLGgoajqprsrSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWj26nfeuLaiFg94jjhfkQHSoSCUbTSw03P65UrbtWdgSwTLycVyFHvlb+6/ZilEVfIJDWm47kJ+hnVKJjkk1I3NTyhbEQHvGOpohE3fjY7dUJOrNInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4bWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tOyYbgLb68TJpnVe+i6t6fV2qXeRxFOIJjOAUPrqAGd1CHBjAYwDO8wpsjnRfn3fmYtxacfOYQ/sD5/AG1jY1h</latexit>

A1
<latexit sha1_base64="Bagk0F5cRg8Svqcq5JIgCsxP9nY=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBA8hd3g6xjx4jGieUCyhNlJbzJkdnaZmRXCkk/w4kERr36RN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nfqtJ1Sax/LRjBP0IzqQPOSMGis93PSqvVLZrbgzkGXi5aQMOeq90le3H7M0QmmYoFp3PDcxfkaV4UzgpNhNNSaUjegAO5ZKGqH2s9mpE3JqlT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeO1nXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtO0YbgLb68TJrVindRce/Py7XLPI4CHMMJnIEHV1CDO6hDAxgM4Ble4c0Rzovz7nzMW1ecfOYI/sD5/AG3EY1i</latexit>

A2
<latexit sha1_base64="1C/NMCPh5W0wlkjTs6ifqgyB3fo=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6Pka8eIxoHpAsYXYymwyZnV1meoWw5BO8eFDEq1/kzb9xkuxBowUNRVU33V1BIoVB1/1yCkvLK6trxfXSxubW9k55d69p4lQz3mCxjHU7oIZLoXgDBUreTjSnUSB5KxjdTP3WI9dGxOoBxwn3IzpQIhSMopXur3unvXLFrbozkL/Ey0kFctR75c9uP2ZpxBUySY3peG6CfkY1Cib5pNRNDU8oG9EB71iqaMSNn81OnZAjq/RJGGtbCslM/TmR0ciYcRTYzoji0Cx6U/E/r5NieOVnQiUpcsXmi8JUEozJ9G/SF5ozlGNLKNPC3krYkGrK0KZTsiF4iy//Jc2Tqndede/OKrWLPI4iHMAhHIMHl1CDW6hDAxgM4Ale4NWRzrPz5rzPWwtOPrMPv+B8fAO4lY1j</latexit>

A3
<latexit sha1_base64="SOJBYcTljxMO6QieairlWbCDFBk=">AAAB/nicbVDLSgMxFL1TX7W+RsWVm2ARXJQyU5/LFjcuK9gHtMOQSdM2NJMZkoxQhoK/4saFIm79Dnf+jWk7C209cOBwzr3k5gQxZ0o7zreVW1ldW9/Ibxa2tnd29+z9g6aKEklog0Q8ku0AK8qZoA3NNKftWFIcBpy2gtHtNG89UqlYJB70OKZeiAeC9RnB2li+fVTznVLNdw0rhuelbi/SyreLTtmZAS0LNxNFyFD37S+zR5KQCk04VqrjOrH2Uiw1I5xOCt1E0RiTER7QjpECh1R56ez8CTo1Tg/1I2koNJq5vzdSHCo1DgMzGWI9VIvZ1Pwv6yS6f+OlTMSJpoLMH+onHOkITbtAPSYp0XxsBCaSmVsRGWKJiTaNFUwJ7uKXl0WzUnYvy879RbF6ldWRh2M4gTNw4RqqcAd1aACBFJ7hFd6sJ+vFerc+5qM5K9s5hD+wPn8A6uSTgQ==</latexit>

A0, A1, A2, A3, . . .

<latexit sha1_base64="3FKfao+acHqKb9cFKnJhnHhJCCo=">AAAB/nicbVDLSgMxFL1TX7W+RsWVm2ARXJQyU5/LghuXFeyLdhgyadqGZjJDkhHKUPBX3LhQxK3f4c6/MW1noa0HDhzOuZfcnCDmTGnH+bZyK6tr6xv5zcLW9s7unr1/0FBRIgmtk4hHshVgRTkTtK6Z5rQVS4rDgNNmMLqd5s1HKhWLxIMex9QL8UCwPiNYG8u3j9q+U2r7rmHF8LzU7UVa+XbRKTszoGXhZqIIGWq+/WX2SBJSoQnHSnVcJ9ZeiqVmhNNJoZsoGmMywgPaMVLgkCovnZ0/QafG6aF+JA2FRjP390aKQ6XGYWAmQ6yHajGbmv9lnUT3b7yUiTjRVJD5Q/2EIx2haReoxyQlmo+NwEQycysiQywx0aaxginBXfzysmhUyu5l2bm/KFavsjrycAwncAYuXEMV7qAGdSCQwjO8wpv1ZL1Y79bHfDRnZTuH8AfW5w+Bs5Ph</latexit>

Y0, Y1, Y2, Y3, . . .

<latexit sha1_base64="QVKkqqzWzmxl8y/oHSi4KfTxXeI="></latexit>

p(y:ts:t+1|a:) = p(s0)
tY

⌧=0

⌧ (y⌧ , s⌧+1|a⌧ , st)

<latexit sha1_base64="H6fpI15PJavRNgoXifoxdh6I+jQ=">AAACCnicbVDLSsNAFJ34rPUV69LNYBHcWBJRLIJQcNNlRfuANoTJdNIOnUnCzI1YQv/Ab3Cra3fi1p9w6Z+YtFnY1gMXDufcy7kcLxJcg2V9Gyura+sbm4Wt4vbO7t6+eVBq6TBWlDVpKELV8YhmggesCRwE60SKEekJ1vZGt5nffmRK8zB4gHHEHEkGAfc5JZBKrlm6dwHf4J4ncd1NruHMnrhm2apYU+BlYuekjHI0XPOn1w9pLFkAVBCtu7YVgZMQBZwKNin2Ys0iQkdkwLopDYhk2kmmv0/wSar0sR+qdALAU/XvRUKk1mPppZuSwFAvepn4n9eNwa86CQ+iGFhAZ0F+LDCEOCsC97liFMQ4JYQqnv6K6ZAoQiGtay7Fk1kn9mIDy6R1XrEvK9bdRblWzdspoCN0jE6Rja5QDdVRAzURRU/oBb2iN+PZeDc+jM/Z6oqR3xyiORhfv7rkmYg=</latexit>

St = H:t�1

<latexit sha1_base64="uLYeRCipwxTDljFR50Hy6RUnjZk="></latexit>

S0 = 0, S1 = (A0, Y0), S2 = (A:1,Y:1), . . .
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Reducing transducers 

Can all interfaces be simulated via a transducer? 

Yes! Consider the transducer “Funes” with world model                           .  

—> It works, but requires exponential amounts of memory 

<latexit sha1_base64="jXx2H2dwzwjF93fXVsEYY8/SVm0=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PAi8dIzAOSJcxOZpMhs7PLTK8QlnyCFw+KePWLvPk3TpI9aGJBQ1HVTXdXkEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GdzO//cS1EbF6xEnC/YgOlQgFo2ilRqPv9ssVt+rOQVaJl5MK5Kj3y1+9QczSiCtkkhrT9dwE/YxqFEzyaamXGp5QNqZD3rVU0YgbP5ufOiVnVhmQMNa2FJK5+nsio5ExkyiwnRHFkVn2ZuJ/XjfF8NbPhEpS5IotFoWpJBiT2d9kIDRnKCeWUKaFvZWwEdWUoU2nZEPwll9eJa2LqndVdR8uK7XrPI4inMApnIMHN1CDe6hDExgM4Rle4c2Rzovz7nwsWgtOPnMMf+B8/gDPdY1y</latexit>

S0
<latexit sha1_base64="HMEo5UGRlBy+RuuYRI1ACrzs/5U=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PAi8dIzAOSJcxOepMhs7PLzKwQlnyCFw+KePWLvPk3TpI9aGJBQ1HVTXdXkAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHstHM0nQj+hQ8pAzaqzUaPS9frniVt05yCrxclKBHPV++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzUKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPUzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2nZEPwll9eJa2LqndVdR8uK7XrPI4inMApnIMHN1CDe6hDExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gDQ+Y1z</latexit>

S1
<latexit sha1_base64="nLrlhEaJ603r9pG4RYv3r8yVyGk=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBA8hd3g6xjw4jES84BkCbOT3mTI7OwyMyuEJZ/gxYMiXv0ib/6Nk2QPmljQUFR1090VJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WjmSToR3QoecgZNVZqNPrVfqnsVtw5yCrxclKGHPV+6as3iFkaoTRMUK27npsYP6PKcCZwWuylGhPKxnSIXUsljVD72fzUKTm3yoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPUzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2naEPwll9eJa1qxbuquA+X5dp1HkcBTuEMLsCDG6jBPdShCQyG8Ayv8OYI58V5dz4WrWtOPnMCf+B8/gDSfY10</latexit>

S2
<latexit sha1_base64="gfuhOBk8GyD8QOuBg9WbhLHBIYo=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6Pga8eIzEPCBZwuxkNhkyO7vM9AphySd48aCIV7/Im3/jJNmDRgsaiqpuuruCRAqDrvvlFFZW19Y3ipulre2d3b3y/kHLxKlmvMliGetOQA2XQvEmCpS8k2hOo0DydjC+nfntR66NiNUDThLuR3SoRCgYRSs1Gv3zfrniVt05yF/i5aQCOer98mdvELM04gqZpMZ0PTdBP6MaBZN8WuqlhieUjemQdy1VNOLGz+anTsmJVQYkjLUthWSu/pzIaGTMJApsZ0RxZJa9mfif100xvPEzoZIUuWKLRWEqCcZk9jcZCM0ZyokllGlhbyVsRDVlaNMp2RC85Zf/ktZZ1busuvcXldpVHkcRjuAYTsGDa6jBHdShCQyG8AQv8OpI59l5c94XrQUnnzmEX3A+vgHUAY11</latexit>

S3

<latexit sha1_base64="eGRx8awOura32QVG2gSfNhU987A=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PAi8eI5iHJEmYnvcmQ2dllZlYISz7BiwdFvPpF3vwbJ8keNLGgoajqprsrSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/VbT6g0j+WDGSfoR3QgecgZNVa6f+y5vXLFrbozkGXi5aQCOeq98le3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9mpE3JilT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeO1nXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtOyYbgLb68TJpnVe+i6t6dV2qXeRxFOIJjOAUPrqAGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AHYmY14</latexit>

Y0
<latexit sha1_base64="16AK0wRpyfjAhIrockso/Awocc0=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PAi8eI5iHJEmYns8mQ2dllplcISz7BiwdFvPpF3vwbJ8keNLGgoajqprsrSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWjm6nfeuLaiFg94DjhfkQHSoSCUbTS/WPP65UrbtWdgSwTLycVyFHvlb+6/ZilEVfIJDWm47kJ+hnVKJjkk1I3NTyhbEQHvGOpohE3fjY7dUJOrNInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4bWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tOyYbgLb68TJpnVe+i6t6dV2qXeRxFOIJjOAUPrqAGt1CHBjAYwDO8wpsjnRfn3fmYtxacfOYQ/sD5/AHaHY15</latexit>

Y1
<latexit sha1_base64="XOcNmObYDnLX6nldISv71/rEt8Q=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBA8hd3g6xjw4jGieUiyhNnJbDJkdnaZ6RXCkk/w4kERr36RN//GSbIHTSxoKKq66e4KEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXFtRKwecJxwP6IDJULBKFrp/rFX7ZXKbsWdgSwTLydlyFHvlb66/ZilEVfIJDWm47kJ+hnVKJjkk2I3NTyhbEQHvGOpohE3fjY7dUJOrdInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4bWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tO0YbgLb68TJrVindRce/Oy7XLPI4CHMMJnIEHV1CDW6hDAxgM4Ble4c2Rzovz7nzMW1ecfOYI/sD5/AHboY16</latexit>

Y2
<latexit sha1_base64="6Z9gNi3iBcnSZ+bKgm0gMGLjIyY=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6Pga8eIxoHpIsYXbSmwyZnV1mZoWw5BO8eFDEq1/kzb9xkuxBowUNRVU33V1BIrg2rvvlFJaWV1bXiuuljc2t7Z3y7l5Tx6li2GCxiFU7oBoFl9gw3AhsJwppFAhsBaPrqd96RKV5LO/NOEE/ogPJQ86osdLdQ++0V664VXcG8pd4OalAjnqv/NntxyyNUBomqNYdz02Mn1FlOBM4KXVTjQllIzrAjqWSRqj9bHbqhBxZpU/CWNmShszUnxMZjbQeR4HtjKgZ6kVvKv7ndVITXvkZl0lqULL5ojAVxMRk+jfpc4XMiLEllClubyVsSBVlxqZTsiF4iy//Jc2TqndedW/PKrWLPI4iHMAhHIMHl1CDG6hDAxgM4Ale4NURzrPz5rzPWwtOPrMPv+B8fAPdJY17</latexit>

Y3

<latexit sha1_base64="3i400Oud/fy7uA1s8c0oXwsVzi0=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PEi8eI5gHJEmYns8mQ2dllplcISz7BiwdFvPpF3vwbJ8keNLGgoajqprsrSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWj26nfeuLaiFg94jjhfkQHSoSCUbTSw03P7ZUrbtWdgSwTLycVyFHvlb+6/ZilEVfIJDWm47kJ+hnVKJjkk1I3NTyhbEQHvGOpohE3fjY7dUJOrNInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4bWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tOyYbgLb68TJpnVe+i6t6fV2qXeRxFOIJjOAUPrqAGd1CHBjAYwDO8wpsjnRfn3fmYtxacfOYQ/sD5/AG0CY1g</latexit>

A0
<latexit sha1_base64="KUWWlsdWjaRc6s71EbmKQ0CCzwc=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PEi8eI5gHJEmYns8mQ2dllplcISz7BiwdFvPpF3vwbJ8keNLGgoajqprsrSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWj26nfeuLaiFg94jjhfkQHSoSCUbTSw03P65UrbtWdgSwTLycVyFHvlb+6/ZilEVfIJDWm47kJ+hnVKJjkk1I3NTyhbEQHvGOpohE3fjY7dUJOrNInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4bWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tOyYbgLb68TJpnVe+i6t6fV2qXeRxFOIJjOAUPrqAGd1CHBjAYwDO8wpsjnRfn3fmYtxacfOYQ/sD5/AG1jY1h</latexit>

A1
<latexit sha1_base64="Bagk0F5cRg8Svqcq5JIgCsxP9nY=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBA8hd3g6xjx4jGieUCyhNlJbzJkdnaZmRXCkk/w4kERr36RN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nfqtJ1Sax/LRjBP0IzqQPOSMGis93PSqvVLZrbgzkGXi5aQMOeq90le3H7M0QmmYoFp3PDcxfkaV4UzgpNhNNSaUjegAO5ZKGqH2s9mpE3JqlT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeO1nXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtO0YbgLb68TJrVindRce/Py7XLPI4CHMMJnIEHV1CDO6hDAxgM4Ble4c0Rzovz7nzMW1ecfOYI/sD5/AG3EY1i</latexit>

A2
<latexit sha1_base64="1C/NMCPh5W0wlkjTs6ifqgyB3fo=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKez6Pka8eIxoHpAsYXYymwyZnV1meoWw5BO8eFDEq1/kzb9xkuxBowUNRVU33V1BIoVB1/1yCkvLK6trxfXSxubW9k55d69p4lQz3mCxjHU7oIZLoXgDBUreTjSnUSB5KxjdTP3WI9dGxOoBxwn3IzpQIhSMopXur3unvXLFrbozkL/Ey0kFctR75c9uP2ZpxBUySY3peG6CfkY1Cib5pNRNDU8oG9EB71iqaMSNn81OnZAjq/RJGGtbCslM/TmR0ciYcRTYzoji0Cx6U/E/r5NieOVnQiUpcsXmi8JUEozJ9G/SF5ozlGNLKNPC3krYkGrK0KZTsiF4iy//Jc2Tqndede/OKrWLPI4iHMAhHIMHl1CDW6hDAxgM4Ale4NWRzrPz5rzPWwtOPrMPv+B8fAO4lY1j</latexit>

A3
<latexit sha1_base64="SOJBYcTljxMO6QieairlWbCDFBk=">AAAB/nicbVDLSgMxFL1TX7W+RsWVm2ARXJQyU5/LFjcuK9gHtMOQSdM2NJMZkoxQhoK/4saFIm79Dnf+jWk7C209cOBwzr3k5gQxZ0o7zreVW1ldW9/Ibxa2tnd29+z9g6aKEklog0Q8ku0AK8qZoA3NNKftWFIcBpy2gtHtNG89UqlYJB70OKZeiAeC9RnB2li+fVTznVLNdw0rhuelbi/SyreLTtmZAS0LNxNFyFD37S+zR5KQCk04VqrjOrH2Uiw1I5xOCt1E0RiTER7QjpECh1R56ez8CTo1Tg/1I2koNJq5vzdSHCo1DgMzGWI9VIvZ1Pwv6yS6f+OlTMSJpoLMH+onHOkITbtAPSYp0XxsBCaSmVsRGWKJiTaNFUwJ7uKXl0WzUnYvy879RbF6ldWRh2M4gTNw4RqqcAd1aACBFJ7hFd6sJ+vFerc+5qM5K9s5hD+wPn8A6uSTgQ==</latexit>

A0, A1, A2, A3, . . .

<latexit sha1_base64="3FKfao+acHqKb9cFKnJhnHhJCCo=">AAAB/nicbVDLSgMxFL1TX7W+RsWVm2ARXJQyU5/LghuXFeyLdhgyadqGZjJDkhHKUPBX3LhQxK3f4c6/MW1noa0HDhzOuZfcnCDmTGnH+bZyK6tr6xv5zcLW9s7unr1/0FBRIgmtk4hHshVgRTkTtK6Z5rQVS4rDgNNmMLqd5s1HKhWLxIMex9QL8UCwPiNYG8u3j9q+U2r7rmHF8LzU7UVa+XbRKTszoGXhZqIIGWq+/WX2SBJSoQnHSnVcJ9ZeiqVmhNNJoZsoGmMywgPaMVLgkCovnZ0/QafG6aF+JA2FRjP390aKQ6XGYWAmQ6yHajGbmv9lnUT3b7yUiTjRVJD5Q/2EIx2haReoxyQlmo+NwEQycysiQywx0aaxginBXfzysmhUyu5l2bm/KFavsjrycAwncAYuXEMV7qAGdSCQwjO8wpv1ZL1Y79bHfDRnZTuH8AfW5w+Bs5Ph</latexit>

Y0, Y1, Y2, Y3, . . .

<latexit sha1_base64="QVKkqqzWzmxl8y/oHSi4KfTxXeI="></latexit>

p(y:ts:t+1|a:) = p(s0)
tY

⌧=0

⌧ (y⌧ , s⌧+1|a⌧ , st)

<latexit sha1_base64="H6fpI15PJavRNgoXifoxdh6I+jQ=">AAACCnicbVDLSsNAFJ34rPUV69LNYBHcWBJRLIJQcNNlRfuANoTJdNIOnUnCzI1YQv/Ab3Cra3fi1p9w6Z+YtFnY1gMXDufcy7kcLxJcg2V9Gyura+sbm4Wt4vbO7t6+eVBq6TBWlDVpKELV8YhmggesCRwE60SKEekJ1vZGt5nffmRK8zB4gHHEHEkGAfc5JZBKrlm6dwHf4J4ncd1NruHMnrhm2apYU+BlYuekjHI0XPOn1w9pLFkAVBCtu7YVgZMQBZwKNin2Ys0iQkdkwLopDYhk2kmmv0/wSar0sR+qdALAU/XvRUKk1mPppZuSwFAvepn4n9eNwa86CQ+iGFhAZ0F+LDCEOCsC97liFMQ4JYQqnv6K6ZAoQiGtay7Fk1kn9mIDy6R1XrEvK9bdRblWzdspoCN0jE6Rja5QDdVRAzURRU/oBb2iN+PZeDc+jM/Z6oqR3xyiORhfv7rkmYg=</latexit>

St = H:t�1

<latexit sha1_base64="uLYeRCipwxTDljFR50Hy6RUnjZk="></latexit>

S0 = 0, S1 = (A0, Y0), S2 = (A:1,Y:1), . . .

How can one “reduce” a transducer?
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Reducing transducers: tools 

World reductions: coarse-grains that keep the interface stays the same (equivalent to bisimulation). 

<latexit sha1_base64="jXx2H2dwzwjF93fXVsEYY8/SVm0=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PAi8dIzAOSJcxOZpMhs7PLTK8QlnyCFw+KePWLvPk3TpI9aGJBQ1HVTXdXkEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GdzO//cS1EbF6xEnC/YgOlQgFo2ilRqPv9ssVt+rOQVaJl5MK5Kj3y1+9QczSiCtkkhrT9dwE/YxqFEzyaamXGp5QNqZD3rVU0YgbP5ufOiVnVhmQMNa2FJK5+nsio5ExkyiwnRHFkVn2ZuJ/XjfF8NbPhEpS5IotFoWpJBiT2d9kIDRnKCeWUKaFvZWwEdWUoU2nZEPwll9eJa2LqndVdR8uK7XrPI4inMApnIMHN1CDe6hDExgM4Rle4c2Rzovz7nwsWgtOPnMMf+B8/gDPdY1y</latexit>

S0
<latexit sha1_base64="HMEo5UGRlBy+RuuYRI1ACrzs/5U=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PAi8dIzAOSJcxOepMhs7PLzKwQlnyCFw+KePWLvPk3TpI9aGJBQ1HVTXdXkAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHstHM0nQj+hQ8pAzaqzUaPS9frniVt05yCrxclKBHPV++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzUKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPUzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2nZEPwll9eJa2LqndVdR8uK7XrPI4inMApnIMHN1CDe6hDExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gDQ+Y1z</latexit>

S1
<latexit sha1_base64="nLrlhEaJ603r9pG4RYv3r8yVyGk=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBA8hd3g6xjw4jES84BkCbOT3mTI7OwyMyuEJZ/gxYMiXv0ib/6Nk2QPmljQUFR1090VJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WjmSToR3QoecgZNVZqNPrVfqnsVtw5yCrxclKGHPV+6as3iFkaoTRMUK27npsYP6PKcCZwWuylGhPKxnSIXUsljVD72fzUKTm3yoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPUzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2naEPwll9eJa1qxbuquA+X5dp1HkcBTuEMLsCDG6jBPdShCQyG8Ayv8OYI58V5dz4WrWtOPnMCf+B8/gDSfY10</latexit>

S2

<latexit sha1_base64="eGRx8awOura32QVG2gSfNhU987A=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PAi8eI5iHJEmYnvcmQ2dllZlYISz7BiwdFvPpF3vwbJ8keNLGgoajqprsrSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/VbT6g0j+WDGSfoR3QgecgZNVa6f+y5vXLFrbozkGXi5aQCOeq98le3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9mpE3JilT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeO1nXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtOyYbgLb68TJpnVe+i6t6dV2qXeRxFOIJjOAUPrqAGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AHYmY14</latexit>

Y0
<latexit sha1_base64="16AK0wRpyfjAhIrockso/Awocc0=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PAi8eI5iHJEmYns8mQ2dllplcISz7BiwdFvPpF3vwbJ8keNLGgoajqprsrSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWjm6nfeuLaiFg94DjhfkQHSoSCUbTS/WPP65UrbtWdgSwTLycVyFHvlb+6/ZilEVfIJDWm47kJ+hnVKJjkk1I3NTyhbEQHvGOpohE3fjY7dUJOrNInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4bWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tOyYbgLb68TJpnVe+i6t6dV2qXeRxFOIJjOAUPrqAGt1CHBjAYwDO8wpsjnRfn3fmYtxacfOYQ/sD5/AHaHY15</latexit>

Y1

<latexit sha1_base64="3i400Oud/fy7uA1s8c0oXwsVzi0=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PEi8eI5gHJEmYns8mQ2dllplcISz7BiwdFvPpF3vwbJ8keNLGgoajqprsrSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWj26nfeuLaiFg94jjhfkQHSoSCUbTSw03P7ZUrbtWdgSwTLycVyFHvlb+6/ZilEVfIJDWm47kJ+hnVKJjkk1I3NTyhbEQHvGOpohE3fjY7dUJOrNInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4bWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tOyYbgLb68TJpnVe+i6t6fV2qXeRxFOIJjOAUPrqAGd1CHBjAYwDO8wpsjnRfn3fmYtxacfOYQ/sD5/AG0CY1g</latexit>

A0
<latexit sha1_base64="KUWWlsdWjaRc6s71EbmKQ0CCzwc=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PEi8eI5gHJEmYns8mQ2dllplcISz7BiwdFvPpF3vwbJ8keNLGgoajqprsrSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWj26nfeuLaiFg94jjhfkQHSoSCUbTSw03P65UrbtWdgSwTLycVyFHvlb+6/ZilEVfIJDWm47kJ+hnVKJjkk1I3NTyhbEQHvGOpohE3fjY7dUJOrNInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4bWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tOyYbgLb68TJpnVe+i6t6fV2qXeRxFOIJjOAUPrqAGd1CHBjAYwDO8wpsjnRfn3fmYtxacfOYQ/sD5/AG1jY1h</latexit>

A1

<latexit sha1_base64="24O7MO9Uidz9u57ImgylBqolzPA=">AAACB3icbVDLSgMxFM34rPU16lKQYBFclRmpKK4K3bisaB/QGUomzbShmWRIMkIZZufGX3HjQhG3/oI7/8ZMO4i2HgicnHMv994TxIwq7Thf1tLyyuraemmjvLm1vbNr7+23lUgkJi0smJDdACnCKCctTTUj3VgSFAWMdIJxI/c790QqKvidnsTEj9CQ05BipI3Ut4+8eESvvAjpEUYsvc08LX5+jaxvV5yqMwVcJG5BKqBAs29/egOBk4hwjRlSquc6sfZTJDXFjGRlL1EkRniMhqRnKEcRUX46vSODJ0YZwFBI87iGU/V3R4oipSZRYCrzFdW8l4v/eb1Eh5d+SnmcaMLxbFCYMKgFzEOBAyoJ1mxiCMKSml0hHiGJsDbRlU0I7vzJi6R9VnXPq85NrVKvFXGUwCE4BqfABRegDq5BE7QABg/gCbyAV+vRerberPdZ6ZJV9ByAP7A+vgHBbZnV</latexit>

� : S ! C

<latexit sha1_base64="eGRx8awOura32QVG2gSfNhU987A=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PAi8eI5iHJEmYnvcmQ2dllZlYISz7BiwdFvPpF3vwbJ8keNLGgoajqprsrSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/VbT6g0j+WDGSfoR3QgecgZNVa6f+y5vXLFrbozkGXi5aQCOeq98le3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9mpE3JilT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeO1nXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtOyYbgLb68TJpnVe+i6t6dV2qXeRxFOIJjOAUPrqAGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AHYmY14</latexit>

Y0
<latexit sha1_base64="16AK0wRpyfjAhIrockso/Awocc0=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PAi8eI5iHJEmYns8mQ2dllplcISz7BiwdFvPpF3vwbJ8keNLGgoajqprsrSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWjm6nfeuLaiFg94DjhfkQHSoSCUbTS/WPP65UrbtWdgSwTLycVyFHvlb+6/ZilEVfIJDWm47kJ+hnVKJjkk1I3NTyhbEQHvGOpohE3fjY7dUJOrNInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4bWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tOyYbgLb68TJpnVe+i6t6dV2qXeRxFOIJjOAUPrqAGt1CHBjAYwDO8wpsjnRfn3fmYtxacfOYQ/sD5/AHaHY15</latexit>

Y1

<latexit sha1_base64="3i400Oud/fy7uA1s8c0oXwsVzi0=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PEi8eI5gHJEmYns8mQ2dllplcISz7BiwdFvPpF3vwbJ8keNLGgoajqprsrSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWj26nfeuLaiFg94jjhfkQHSoSCUbTSw03P7ZUrbtWdgSwTLycVyFHvlb+6/ZilEVfIJDWm47kJ+hnVKJjkk1I3NTyhbEQHvGOpohE3fjY7dUJOrNInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4bWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tOyYbgLb68TJpnVe+i6t6fV2qXeRxFOIJjOAUPrqAGd1CHBjAYwDO8wpsjnRfn3fmYtxacfOYQ/sD5/AG0CY1g</latexit>

A0
<latexit sha1_base64="KUWWlsdWjaRc6s71EbmKQ0CCzwc=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PEi8eI5gHJEmYns8mQ2dllplcISz7BiwdFvPpF3vwbJ8keNLGgoajqprsrSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWj26nfeuLaiFg94jjhfkQHSoSCUbTSw03P65UrbtWdgSwTLycVyFHvlb+6/ZilEVfIJDWm47kJ+hnVKJjkk1I3NTyhbEQHvGOpohE3fjY7dUJOrNInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4bWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tOyYbgLb68TJpnVe+i6t6fV2qXeRxFOIJjOAUPrqAGd1CHBjAYwDO8wpsjnRfn3fmYtxacfOYQ/sD5/AG1jY1h</latexit>

A1

<latexit sha1_base64="9qFsP4ioPIIvAfCHdBc6VuigLnk=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRahgpRdUfRY8OKxov2QdinZNNuGJtklyQpl6a/w4kERr/4cb/4b0+0etPXBwOO9GWbmBTFn2rjut1NYWV1b3yhulra2d3b3yvsHLR0litAmiXikOgHWlDNJm4YZTjuxolgEnLaD8c3Mbz9RpVkkH8wkpr7AQ8lCRrCx0mMvHrHqfd897Zcrbs3NgJaJl5MK5Gj0y1+9QUQSQaUhHGvd9dzY+ClWhhFOp6VeommMyRgPaddSiQXVfpodPEUnVhmgMFK2pEGZ+nsixULriQhsp8BmpBe9mfif101MeO2nTMaJoZLMF4UJRyZCs+/RgClKDJ9Ygoli9lZERlhhYmxGJRuCt/jyMmmd17zLmnt3Uamf5XEU4QiOoQoeXEEdbqEBTSAg4Ble4c1Rzovz7nzMWwtOPnMIf+B8/gCi5I+S</latexit>

�(S0)
<latexit sha1_base64="9djbCmxKglPV2LZkKHM1yRb4WME=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRahgpRdUfRY8OKxov2QdinZNNuGJtklyQpl6a/w4kERr/4cb/4b0+0etPXBwOO9GWbmBTFn2rjut1NYWV1b3yhulra2d3b3yvsHLR0litAmiXikOgHWlDNJm4YZTjuxolgEnLaD8c3Mbz9RpVkkH8wkpr7AQ8lCRrCx0mMvHrHqfd877Zcrbs3NgJaJl5MK5Gj0y1+9QUQSQaUhHGvd9dzY+ClWhhFOp6VeommMyRgPaddSiQXVfpodPEUnVhmgMFK2pEGZ+nsixULriQhsp8BmpBe9mfif101MeO2nTMaJoZLMF4UJRyZCs+/RgClKDJ9Ygoli9lZERlhhYmxGJRuCt/jyMmmd17zLmnt3Uamf5XEU4QiOoQoeXEEdbqEBTSAg4Ble4c1Rzovz7nzMWwtOPnMIf+B8/gCkaY+T</latexit>

�(S1)
<latexit sha1_base64="aDfIk9vxu5fPa4M35O3uN1AAW/s=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRahgpTdUtFjwYvHivZD2qVk02wbmmSXJCuUpb/CiwdFvPpzvPlvTNs9aOuDgcd7M8zMC2LOtHHdbye3tr6xuZXfLuzs7u0fFA+PWjpKFKFNEvFIdQKsKWeSNg0znHZiRbEIOG0H45uZ336iSrNIPphJTH2Bh5KFjGBjpcdePGLl+371vF8suRV3DrRKvIyUIEOjX/zqDSKSCCoN4VjrrufGxk+xMoxwOi30Ek1jTMZ4SLuWSiyo9tP5wVN0ZpUBCiNlSxo0V39PpFhoPRGB7RTYjPSyNxP/87qJCa/9lMk4MVSSxaIw4chEaPY9GjBFieETSzBRzN6KyAgrTIzNqGBD8JZfXiWtasW7rLh3tVL9IosjDydwCmXw4ArqcAsNaAIBAc/wCm+Ocl6cd+dj0Zpzsplj+APn8wel7o+U</latexit>

�(S2)
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Reducing transducers: tools 

World reductions: coarse-grains that keep the interface stays the same (equivalent to bisimulation). 

Isomorphic worlds: it is possible to reduce one into each other.  

<latexit sha1_base64="jXx2H2dwzwjF93fXVsEYY8/SVm0=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PAi8dIzAOSJcxOZpMhs7PLTK8QlnyCFw+KePWLvPk3TpI9aGJBQ1HVTXdXkEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GdzO//cS1EbF6xEnC/YgOlQgFo2ilRqPv9ssVt+rOQVaJl5MK5Kj3y1+9QczSiCtkkhrT9dwE/YxqFEzyaamXGp5QNqZD3rVU0YgbP5ufOiVnVhmQMNa2FJK5+nsio5ExkyiwnRHFkVn2ZuJ/XjfF8NbPhEpS5IotFoWpJBiT2d9kIDRnKCeWUKaFvZWwEdWUoU2nZEPwll9eJa2LqndVdR8uK7XrPI4inMApnIMHN1CDe6hDExgM4Rle4c2Rzovz7nwsWgtOPnMMf+B8/gDPdY1y</latexit>

S0
<latexit sha1_base64="HMEo5UGRlBy+RuuYRI1ACrzs/5U=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PAi8dIzAOSJcxOepMhs7PLzKwQlnyCFw+KePWLvPk3TpI9aGJBQ1HVTXdXkAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHstHM0nQj+hQ8pAzaqzUaPS9frniVt05yCrxclKBHPV++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzUKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPUzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2nZEPwll9eJa2LqndVdR8uK7XrPI4inMApnIMHN1CDe6hDExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gDQ+Y1z</latexit>

S1
<latexit sha1_base64="nLrlhEaJ603r9pG4RYv3r8yVyGk=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBA8hd3g6xjw4jES84BkCbOT3mTI7OwyMyuEJZ/gxYMiXv0ib/6Nk2QPmljQUFR1090VJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WjmSToR3QoecgZNVZqNPrVfqnsVtw5yCrxclKGHPV+6as3iFkaoTRMUK27npsYP6PKcCZwWuylGhPKxnSIXUsljVD72fzUKTm3yoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPUzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2naEPwll9eJa1qxbuquA+X5dp1HkcBTuEMLsCDG6jBPdShCQyG8Ayv8OYI58V5dz4WrWtOPnMCf+B8/gDSfY10</latexit>

S2

<latexit sha1_base64="eGRx8awOura32QVG2gSfNhU987A=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PAi8eI5iHJEmYnvcmQ2dllZlYISz7BiwdFvPpF3vwbJ8keNLGgoajqprsrSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/VbT6g0j+WDGSfoR3QgecgZNVa6f+y5vXLFrbozkGXi5aQCOeq98le3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9mpE3JilT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeO1nXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtOyYbgLb68TJpnVe+i6t6dV2qXeRxFOIJjOAUPrqAGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AHYmY14</latexit>

Y0
<latexit sha1_base64="16AK0wRpyfjAhIrockso/Awocc0=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PAi8eI5iHJEmYns8mQ2dllplcISz7BiwdFvPpF3vwbJ8keNLGgoajqprsrSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWjm6nfeuLaiFg94DjhfkQHSoSCUbTS/WPP65UrbtWdgSwTLycVyFHvlb+6/ZilEVfIJDWm47kJ+hnVKJjkk1I3NTyhbEQHvGOpohE3fjY7dUJOrNInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4bWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tOyYbgLb68TJpnVe+i6t6dV2qXeRxFOIJjOAUPrqAGt1CHBjAYwDO8wpsjnRfn3fmYtxacfOYQ/sD5/AHaHY15</latexit>

Y1

<latexit sha1_base64="3i400Oud/fy7uA1s8c0oXwsVzi0=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PEi8eI5gHJEmYns8mQ2dllplcISz7BiwdFvPpF3vwbJ8keNLGgoajqprsrSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWj26nfeuLaiFg94jjhfkQHSoSCUbTSw03P7ZUrbtWdgSwTLycVyFHvlb+6/ZilEVfIJDWm47kJ+hnVKJjkk1I3NTyhbEQHvGOpohE3fjY7dUJOrNInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4bWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tOyYbgLb68TJpnVe+i6t6fV2qXeRxFOIJjOAUPrqAGd1CHBjAYwDO8wpsjnRfn3fmYtxacfOYQ/sD5/AG0CY1g</latexit>

A0
<latexit sha1_base64="KUWWlsdWjaRc6s71EbmKQ0CCzwc=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PEi8eI5gHJEmYns8mQ2dllplcISz7BiwdFvPpF3vwbJ8keNLGgoajqprsrSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWj26nfeuLaiFg94jjhfkQHSoSCUbTSw03P65UrbtWdgSwTLycVyFHvlb+6/ZilEVfIJDWm47kJ+hnVKJjkk1I3NTyhbEQHvGOpohE3fjY7dUJOrNInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4bWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tOyYbgLb68TJpnVe+i6t6fV2qXeRxFOIJjOAUPrqAGd1CHBjAYwDO8wpsjnRfn3fmYtxacfOYQ/sD5/AG1jY1h</latexit>

A1

<latexit sha1_base64="24O7MO9Uidz9u57ImgylBqolzPA=">AAACB3icbVDLSgMxFM34rPU16lKQYBFclRmpKK4K3bisaB/QGUomzbShmWRIMkIZZufGX3HjQhG3/oI7/8ZMO4i2HgicnHMv994TxIwq7Thf1tLyyuraemmjvLm1vbNr7+23lUgkJi0smJDdACnCKCctTTUj3VgSFAWMdIJxI/c790QqKvidnsTEj9CQ05BipI3Ut4+8eESvvAjpEUYsvc08LX5+jaxvV5yqMwVcJG5BKqBAs29/egOBk4hwjRlSquc6sfZTJDXFjGRlL1EkRniMhqRnKEcRUX46vSODJ0YZwFBI87iGU/V3R4oipSZRYCrzFdW8l4v/eb1Eh5d+SnmcaMLxbFCYMKgFzEOBAyoJ1mxiCMKSml0hHiGJsDbRlU0I7vzJi6R9VnXPq85NrVKvFXGUwCE4BqfABRegDq5BE7QABg/gCbyAV+vRerberPdZ6ZJV9ByAP7A+vgHBbZnV</latexit>

� : S ! C

<latexit sha1_base64="eGRx8awOura32QVG2gSfNhU987A=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PAi8eI5iHJEmYnvcmQ2dllZlYISz7BiwdFvPpF3vwbJ8keNLGgoajqprsrSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/VbT6g0j+WDGSfoR3QgecgZNVa6f+y5vXLFrbozkGXi5aQCOeq98le3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9mpE3JilT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeO1nXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtOyYbgLb68TJpnVe+i6t6dV2qXeRxFOIJjOAUPrqAGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AHYmY14</latexit>

Y0
<latexit sha1_base64="16AK0wRpyfjAhIrockso/Awocc0=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PAi8eI5iHJEmYns8mQ2dllplcISz7BiwdFvPpF3vwbJ8keNLGgoajqprsrSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWjm6nfeuLaiFg94DjhfkQHSoSCUbTS/WPP65UrbtWdgSwTLycVyFHvlb+6/ZilEVfIJDWm47kJ+hnVKJjkk1I3NTyhbEQHvGOpohE3fjY7dUJOrNInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4bWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tOyYbgLb68TJpnVe+i6t6dV2qXeRxFOIJjOAUPrqAGt1CHBjAYwDO8wpsjnRfn3fmYtxacfOYQ/sD5/AHaHY15</latexit>

Y1

<latexit sha1_base64="3i400Oud/fy7uA1s8c0oXwsVzi0=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PEi8eI5gHJEmYns8mQ2dllplcISz7BiwdFvPpF3vwbJ8keNLGgoajqprsrSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWj26nfeuLaiFg94jjhfkQHSoSCUbTSw03P7ZUrbtWdgSwTLycVyFHvlb+6/ZilEVfIJDWm47kJ+hnVKJjkk1I3NTyhbEQHvGOpohE3fjY7dUJOrNInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4bWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tOyYbgLb68TJpnVe+i6t6fV2qXeRxFOIJjOAUPrqAGd1CHBjAYwDO8wpsjnRfn3fmYtxacfOYQ/sD5/AG0CY1g</latexit>

A0
<latexit sha1_base64="KUWWlsdWjaRc6s71EbmKQ0CCzwc=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PEi8eI5gHJEmYns8mQ2dllplcISz7BiwdFvPpF3vwbJ8keNLGgoajqprsrSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWj26nfeuLaiFg94jjhfkQHSoSCUbTSw03P65UrbtWdgSwTLycVyFHvlb+6/ZilEVfIJDWm47kJ+hnVKJjkk1I3NTyhbEQHvGOpohE3fjY7dUJOrNInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4bWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tOyYbgLb68TJpnVe+i6t6fV2qXeRxFOIJjOAUPrqAGd1CHBjAYwDO8wpsjnRfn3fmYtxacfOYQ/sD5/AG1jY1h</latexit>

A1

<latexit sha1_base64="9qFsP4ioPIIvAfCHdBc6VuigLnk=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRahgpRdUfRY8OKxov2QdinZNNuGJtklyQpl6a/w4kERr/4cb/4b0+0etPXBwOO9GWbmBTFn2rjut1NYWV1b3yhulra2d3b3yvsHLR0litAmiXikOgHWlDNJm4YZTjuxolgEnLaD8c3Mbz9RpVkkH8wkpr7AQ8lCRrCx0mMvHrHqfd897Zcrbs3NgJaJl5MK5Gj0y1+9QUQSQaUhHGvd9dzY+ClWhhFOp6VeommMyRgPaddSiQXVfpodPEUnVhmgMFK2pEGZ+nsixULriQhsp8BmpBe9mfif101MeO2nTMaJoZLMF4UJRyZCs+/RgClKDJ9Ygoli9lZERlhhYmxGJRuCt/jyMmmd17zLmnt3Uamf5XEU4QiOoQoeXEEdbqEBTSAg4Ble4c1Rzovz7nzMWwtOPnMIf+B8/gCi5I+S</latexit>

�(S0)
<latexit sha1_base64="9djbCmxKglPV2LZkKHM1yRb4WME=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRahgpRdUfRY8OKxov2QdinZNNuGJtklyQpl6a/w4kERr/4cb/4b0+0etPXBwOO9GWbmBTFn2rjut1NYWV1b3yhulra2d3b3yvsHLR0litAmiXikOgHWlDNJm4YZTjuxolgEnLaD8c3Mbz9RpVkkH8wkpr7AQ8lCRrCx0mMvHrHqfd877Zcrbs3NgJaJl5MK5Gj0y1+9QUQSQaUhHGvd9dzY+ClWhhFOp6VeommMyRgPaddSiQXVfpodPEUnVhmgMFK2pEGZ+nsixULriQhsp8BmpBe9mfif101MeO2nTMaJoZLMF4UJRyZCs+/RgClKDJ9Ygoli9lZERlhhYmxGJRuCt/jyMmmd17zLmnt3Uamf5XEU4QiOoQoeXEEdbqEBTSAg4Ble4c1Rzovz7nzMWwtOPnMIf+B8/gCkaY+T</latexit>

�(S1)
<latexit sha1_base64="aDfIk9vxu5fPa4M35O3uN1AAW/s=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRahgpTdUtFjwYvHivZD2qVk02wbmmSXJCuUpb/CiwdFvPpzvPlvTNs9aOuDgcd7M8zMC2LOtHHdbye3tr6xuZXfLuzs7u0fFA+PWjpKFKFNEvFIdQKsKWeSNg0znHZiRbEIOG0H45uZ336iSrNIPphJTH2Bh5KFjGBjpcdePGLl+371vF8suRV3DrRKvIyUIEOjX/zqDSKSCCoN4VjrrufGxk+xMoxwOi30Ek1jTMZ4SLuWSiyo9tP5wVN0ZpUBCiNlSxo0V39PpFhoPRGB7RTYjPSyNxP/87qJCa/9lMk4MVSSxaIw4chEaPY9GjBFieETSzBRzN6KyAgrTIzNqGBD8JZfXiWtasW7rLh3tVL9IosjDydwCmXw4ArqcAsNaAIBAc/wCm+Ocl6cd+dj0Zpzsplj+APn8wel7o+U</latexit>

�(S2)
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Reducing transducers: tools 

World reductions: coarse-grains that keep the interface stays the same (equivalent to bisimulation). 

Isomorphic worlds: it is possible to reduce one into each other.  

Minimal worlds: all reductions are isomorphic to itself. 

<latexit sha1_base64="jXx2H2dwzwjF93fXVsEYY8/SVm0=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PAi8dIzAOSJcxOZpMhs7PLTK8QlnyCFw+KePWLvPk3TpI9aGJBQ1HVTXdXkEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GdzO//cS1EbF6xEnC/YgOlQgFo2ilRqPv9ssVt+rOQVaJl5MK5Kj3y1+9QczSiCtkkhrT9dwE/YxqFEzyaamXGp5QNqZD3rVU0YgbP5ufOiVnVhmQMNa2FJK5+nsio5ExkyiwnRHFkVn2ZuJ/XjfF8NbPhEpS5IotFoWpJBiT2d9kIDRnKCeWUKaFvZWwEdWUoU2nZEPwll9eJa2LqndVdR8uK7XrPI4inMApnIMHN1CDe6hDExgM4Rle4c2Rzovz7nwsWgtOPnMMf+B8/gDPdY1y</latexit>

S0
<latexit sha1_base64="HMEo5UGRlBy+RuuYRI1ACrzs/5U=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PAi8dIzAOSJcxOepMhs7PLzKwQlnyCFw+KePWLvPk3TpI9aGJBQ1HVTXdXkAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHstHM0nQj+hQ8pAzaqzUaPS9frniVt05yCrxclKBHPV++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzUKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPUzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2nZEPwll9eJa2LqndVdR8uK7XrPI4inMApnIMHN1CDe6hDExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gDQ+Y1z</latexit>

S1
<latexit sha1_base64="nLrlhEaJ603r9pG4RYv3r8yVyGk=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBA8hd3g6xjw4jES84BkCbOT3mTI7OwyMyuEJZ/gxYMiXv0ib/6Nk2QPmljQUFR1090VJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WjmSToR3QoecgZNVZqNPrVfqnsVtw5yCrxclKGHPV+6as3iFkaoTRMUK27npsYP6PKcCZwWuylGhPKxnSIXUsljVD72fzUKTm3yoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPUzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2naEPwll9eJa1qxbuquA+X5dp1HkcBTuEMLsCDG6jBPdShCQyG8Ayv8OYI58V5dz4WrWtOPnMCf+B8/gDSfY10</latexit>

S2

<latexit sha1_base64="eGRx8awOura32QVG2gSfNhU987A=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PAi8eI5iHJEmYnvcmQ2dllZlYISz7BiwdFvPpF3vwbJ8keNLGgoajqprsrSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/VbT6g0j+WDGSfoR3QgecgZNVa6f+y5vXLFrbozkGXi5aQCOeq98le3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9mpE3JilT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeO1nXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtOyYbgLb68TJpnVe+i6t6dV2qXeRxFOIJjOAUPrqAGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AHYmY14</latexit>

Y0
<latexit sha1_base64="16AK0wRpyfjAhIrockso/Awocc0=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PAi8eI5iHJEmYns8mQ2dllplcISz7BiwdFvPpF3vwbJ8keNLGgoajqprsrSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWjm6nfeuLaiFg94DjhfkQHSoSCUbTS/WPP65UrbtWdgSwTLycVyFHvlb+6/ZilEVfIJDWm47kJ+hnVKJjkk1I3NTyhbEQHvGOpohE3fjY7dUJOrNInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4bWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tOyYbgLb68TJpnVe+i6t6dV2qXeRxFOIJjOAUPrqAGt1CHBjAYwDO8wpsjnRfn3fmYtxacfOYQ/sD5/AHaHY15</latexit>

Y1

<latexit sha1_base64="3i400Oud/fy7uA1s8c0oXwsVzi0=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PEi8eI5gHJEmYns8mQ2dllplcISz7BiwdFvPpF3vwbJ8keNLGgoajqprsrSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWj26nfeuLaiFg94jjhfkQHSoSCUbTSw03P7ZUrbtWdgSwTLycVyFHvlb+6/ZilEVfIJDWm47kJ+hnVKJjkk1I3NTyhbEQHvGOpohE3fjY7dUJOrNInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4bWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tOyYbgLb68TJpnVe+i6t6fV2qXeRxFOIJjOAUPrqAGd1CHBjAYwDO8wpsjnRfn3fmYtxacfOYQ/sD5/AG0CY1g</latexit>

A0
<latexit sha1_base64="KUWWlsdWjaRc6s71EbmKQ0CCzwc=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PEi8eI5gHJEmYns8mQ2dllplcISz7BiwdFvPpF3vwbJ8keNLGgoajqprsrSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWj26nfeuLaiFg94jjhfkQHSoSCUbTSw03P65UrbtWdgSwTLycVyFHvlb+6/ZilEVfIJDWm47kJ+hnVKJjkk1I3NTyhbEQHvGOpohE3fjY7dUJOrNInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4bWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tOyYbgLb68TJpnVe+i6t6fV2qXeRxFOIJjOAUPrqAGd1CHBjAYwDO8wpsjnRfn3fmYtxacfOYQ/sD5/AG1jY1h</latexit>

A1

<latexit sha1_base64="24O7MO9Uidz9u57ImgylBqolzPA=">AAACB3icbVDLSgMxFM34rPU16lKQYBFclRmpKK4K3bisaB/QGUomzbShmWRIMkIZZufGX3HjQhG3/oI7/8ZMO4i2HgicnHMv994TxIwq7Thf1tLyyuraemmjvLm1vbNr7+23lUgkJi0smJDdACnCKCctTTUj3VgSFAWMdIJxI/c790QqKvidnsTEj9CQ05BipI3Ut4+8eESvvAjpEUYsvc08LX5+jaxvV5yqMwVcJG5BKqBAs29/egOBk4hwjRlSquc6sfZTJDXFjGRlL1EkRniMhqRnKEcRUX46vSODJ0YZwFBI87iGU/V3R4oipSZRYCrzFdW8l4v/eb1Eh5d+SnmcaMLxbFCYMKgFzEOBAyoJ1mxiCMKSml0hHiGJsDbRlU0I7vzJi6R9VnXPq85NrVKvFXGUwCE4BqfABRegDq5BE7QABg/gCbyAV+vRerberPdZ6ZJV9ByAP7A+vgHBbZnV</latexit>

� : S ! C

<latexit sha1_base64="eGRx8awOura32QVG2gSfNhU987A=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PAi8eI5iHJEmYnvcmQ2dllZlYISz7BiwdFvPpF3vwbJ8keNLGgoajqprsrSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/VbT6g0j+WDGSfoR3QgecgZNVa6f+y5vXLFrbozkGXi5aQCOeq98le3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9mpE3JilT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeO1nXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtOyYbgLb68TJpnVe+i6t6dV2qXeRxFOIJjOAUPrqAGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AHYmY14</latexit>

Y0
<latexit sha1_base64="16AK0wRpyfjAhIrockso/Awocc0=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PAi8eI5iHJEmYns8mQ2dllplcISz7BiwdFvPpF3vwbJ8keNLGgoajqprsrSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWjm6nfeuLaiFg94DjhfkQHSoSCUbTS/WPP65UrbtWdgSwTLycVyFHvlb+6/ZilEVfIJDWm47kJ+hnVKJjkk1I3NTyhbEQHvGOpohE3fjY7dUJOrNInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4bWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tOyYbgLb68TJpnVe+i6t6dV2qXeRxFOIJjOAUPrqAGt1CHBjAYwDO8wpsjnRfn3fmYtxacfOYQ/sD5/AHaHY15</latexit>

Y1

<latexit sha1_base64="3i400Oud/fy7uA1s8c0oXwsVzi0=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PEi8eI5gHJEmYns8mQ2dllplcISz7BiwdFvPpF3vwbJ8keNLGgoajqprsrSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWj26nfeuLaiFg94jjhfkQHSoSCUbTSw03P7ZUrbtWdgSwTLycVyFHvlb+6/ZilEVfIJDWm47kJ+hnVKJjkk1I3NTyhbEQHvGOpohE3fjY7dUJOrNInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4bWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tOyYbgLb68TJpnVe+i6t6fV2qXeRxFOIJjOAUPrqAGd1CHBjAYwDO8wpsjnRfn3fmYtxacfOYQ/sD5/AG0CY1g</latexit>

A0
<latexit sha1_base64="KUWWlsdWjaRc6s71EbmKQ0CCzwc=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PEi8eI5gHJEmYns8mQ2dllplcISz7BiwdFvPpF3vwbJ8keNLGgoajqprsrSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWj26nfeuLaiFg94jjhfkQHSoSCUbTSw03P65UrbtWdgSwTLycVyFHvlb+6/ZilEVfIJDWm47kJ+hnVKJjkk1I3NTyhbEQHvGOpohE3fjY7dUJOrNInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4bWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tOyYbgLb68TJpnVe+i6t6fV2qXeRxFOIJjOAUPrqAGd1CHBjAYwDO8wpsjnRfn3fmYtxacfOYQ/sD5/AG1jY1h</latexit>

A1

<latexit sha1_base64="9qFsP4ioPIIvAfCHdBc6VuigLnk=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRahgpRdUfRY8OKxov2QdinZNNuGJtklyQpl6a/w4kERr/4cb/4b0+0etPXBwOO9GWbmBTFn2rjut1NYWV1b3yhulra2d3b3yvsHLR0litAmiXikOgHWlDNJm4YZTjuxolgEnLaD8c3Mbz9RpVkkH8wkpr7AQ8lCRrCx0mMvHrHqfd897Zcrbs3NgJaJl5MK5Gj0y1+9QUQSQaUhHGvd9dzY+ClWhhFOp6VeommMyRgPaddSiQXVfpodPEUnVhmgMFK2pEGZ+nsixULriQhsp8BmpBe9mfif101MeO2nTMaJoZLMF4UJRyZCs+/RgClKDJ9Ygoli9lZERlhhYmxGJRuCt/jyMmmd17zLmnt3Uamf5XEU4QiOoQoeXEEdbqEBTSAg4Ble4c1Rzovz7nzMWwtOPnMIf+B8/gCi5I+S</latexit>

�(S0)
<latexit sha1_base64="9djbCmxKglPV2LZkKHM1yRb4WME=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRahgpRdUfRY8OKxov2QdinZNNuGJtklyQpl6a/w4kERr/4cb/4b0+0etPXBwOO9GWbmBTFn2rjut1NYWV1b3yhulra2d3b3yvsHLR0litAmiXikOgHWlDNJm4YZTjuxolgEnLaD8c3Mbz9RpVkkH8wkpr7AQ8lCRrCx0mMvHrHqfd877Zcrbs3NgJaJl5MK5Gj0y1+9QUQSQaUhHGvd9dzY+ClWhhFOp6VeommMyRgPaddSiQXVfpodPEUnVhmgMFK2pEGZ+nsixULriQhsp8BmpBe9mfif101MeO2nTMaJoZLMF4UJRyZCs+/RgClKDJ9Ygoli9lZERlhhYmxGJRuCt/jyMmmd17zLmnt3Uamf5XEU4QiOoQoeXEEdbqEBTSAg4Ble4c1Rzovz7nzMWwtOPnMIf+B8/gCkaY+T</latexit>

�(S1)
<latexit sha1_base64="aDfIk9vxu5fPa4M35O3uN1AAW/s=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRahgpTdUtFjwYvHivZD2qVk02wbmmSXJCuUpb/CiwdFvPpzvPlvTNs9aOuDgcd7M8zMC2LOtHHdbye3tr6xuZXfLuzs7u0fFA+PWjpKFKFNEvFIdQKsKWeSNg0znHZiRbEIOG0H45uZ336iSrNIPphJTH2Bh5KFjGBjpcdePGLl+371vF8suRV3DrRKvIyUIEOjX/zqDSKSCCoN4VjrrufGxk+xMoxwOi30Ek1jTMZ4SLuWSiyo9tP5wVN0ZpUBCiNlSxo0V39PpFhoPRGB7RTYjPSyNxP/87qJCa/9lMk4MVSSxaIw4chEaPY9GjBFieETSzBRzN6KyAgrTIzNqGBD8JZfXiWtasW7rLh3tVL9IosjDydwCmXw4ArqcAsNaAIBAc/wCm+Ocl6cd+dj0Zpzsplj+APn8wel7o+U</latexit>

�(S2)
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Limitations of bisimulation 

Problem: bisimulation usually doesn’t have a global minima 
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Limitations of bisimulation 

Problem: bisimulation usually doesn’t have a global minima 

Reason: bisimulation can replace pairwisely identical states, but cannot compress redundancy  
                 between groups of three or more states… 
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Limitations of bisimulation 

Problem: bisimulation usually doesn’t have a global minima 

Reason: bisimulation can replace pairwisely identical states, but cannot compress redundancy  
                 between groups of three or more states… 

Solution: accept what you get, or embrace negative probabilities!
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Generalised transducers 

A quasi-stochastic vector sums 1 but can have negative numbers. 

<latexit sha1_base64="1celSE7vVHe91093X8xUonznFW8=">AAACCnicbVDLSgMxFM3UV62vsS7dBItQoQ4ZsdWNUHDjsoJ9QDuUTJq2oZnMkGTEMvQP/Aa3unYnbv0Jl/6JaTsL23rgwuGcezmX40ecKY3Qt5VZW9/Y3Mpu53Z29/YP7MN8Q4WxJLROQh7Klo8V5UzQumaa01YkKQ58Tpv+6HbqNx+pVCwUD3ocUS/AA8H6jGBtpK6dj+ANLCKnUjpHjltCTvmsaxeQg2aAq8RNSQGkqHXtn04vJHFAhSYcK9V2UaS9BEvNCKeTXCdWNMJkhAe0bajAAVVeMvt9Ak+N0oP9UJoRGs7UvxcJDpQaB77ZDLAeqmVvKv7ntWPdv/YSJqJYU0HmQf2YQx3CaRGwxyQlmo8NwUQy8yskQywx0aauhRQ/mJhO3OUGVknjwnHLDrq/LFQraTtZcAxOQBG44ApUwR2ogTog4Am8gFfwZj1b79aH9TlfzVjpzRFYgPX1C1Jfl2Y=</latexit>

p = (0.6,�0.1, 0.5)



29

Generalised transducers 

A quasi-stochastic vector sums 1 but can have negative numbers. 

Generalised transducers have quasi-stochastic states and transitions: 
<latexit sha1_base64="Z/wpBfuzUttX9WSNX4Gzwyyz3KU="></latexit>

Pr(y:t|a:t) = u| ·
⇣ tY

i=0

A(yi|ai)
i

⌘
· v
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Generalised transducers 

A quasi-stochastic vector sums 1 but can have negative numbers. 

Generalised transducers have quasi-stochastic states and transitions: 
<latexit sha1_base64="Z/wpBfuzUttX9WSNX4Gzwyyz3KU="></latexit>

Pr(y:t|a:t) = u| ·
⇣ tY

i=0

A(yi|ai)
i

⌘
· v

Theorem: generalised transducers can always be reduced up to a unique minimum!
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Generalised transducers 

A quasi-stochastic vector sums 1 but can have negative numbers. 

Generalised transducers have quasi-stochastic states and transitions: 

Limitation: substantial lack of interpretability, inability to sample, etc

<latexit sha1_base64="Z/wpBfuzUttX9WSNX4Gzwyyz3KU="></latexit>

Pr(y:t|a:t) = u| ·
⇣ tY

i=0

A(yi|ai)
i

⌘
· v

Theorem: generalised transducers can always be reduced up to a unique minimum!



32

Contents

1. Problem setting

2. Fundamental ideas

3. Minimal world models

4. Interpretable world models

5. Ideas to take home



33

Interpretable models: what can agents learn? 

What makes a world model learnable? 

          1. Predictive: world state have no future information. 

          2. Observable: world state is a (deterministic) function of the history, so  

          3. Unifilar: world state can be deterministically updated as  

<latexit sha1_base64="jXx2H2dwzwjF93fXVsEYY8/SVm0=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PAi8dIzAOSJcxOZpMhs7PLTK8QlnyCFw+KePWLvPk3TpI9aGJBQ1HVTXdXkEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GdzO//cS1EbF6xEnC/YgOlQgFo2ilRqPv9ssVt+rOQVaJl5MK5Kj3y1+9QczSiCtkkhrT9dwE/YxqFEzyaamXGp5QNqZD3rVU0YgbP5ufOiVnVhmQMNa2FJK5+nsio5ExkyiwnRHFkVn2ZuJ/XjfF8NbPhEpS5IotFoWpJBiT2d9kIDRnKCeWUKaFvZWwEdWUoU2nZEPwll9eJa2LqndVdR8uK7XrPI4inMApnIMHN1CDe6hDExgM4Rle4c2Rzovz7nwsWgtOPnMMf+B8/gDPdY1y</latexit>

S0
<latexit sha1_base64="HMEo5UGRlBy+RuuYRI1ACrzs/5U=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PAi8dIzAOSJcxOepMhs7PLzKwQlnyCFw+KePWLvPk3TpI9aGJBQ1HVTXdXkAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHstHM0nQj+hQ8pAzaqzUaPS9frniVt05yCrxclKBHPV++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzUKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPUzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2nZEPwll9eJa2LqndVdR8uK7XrPI4inMApnIMHN1CDe6hDExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gDQ+Y1z</latexit>

S1
<latexit sha1_base64="nLrlhEaJ603r9pG4RYv3r8yVyGk=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBA8hd3g6xjw4jES84BkCbOT3mTI7OwyMyuEJZ/gxYMiXv0ib/6Nk2QPmljQUFR1090VJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WjmSToR3QoecgZNVZqNPrVfqnsVtw5yCrxclKGHPV+6as3iFkaoTRMUK27npsYP6PKcCZwWuylGhPKxnSIXUsljVD72fzUKTm3yoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPUzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2naEPwll9eJa1qxbuquA+X5dp1HkcBTuEMLsCDG6jBPdShCQyG8Ayv8OYI58V5dz4WrWtOPnMCf+B8/gDSfY10</latexit>

S2

<latexit sha1_base64="eGRx8awOura32QVG2gSfNhU987A=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PAi8eI5iHJEmYnvcmQ2dllZlYISz7BiwdFvPpF3vwbJ8keNLGgoajqprsrSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/VbT6g0j+WDGSfoR3QgecgZNVa6f+y5vXLFrbozkGXi5aQCOeq98le3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9mpE3JilT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeO1nXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtOyYbgLb68TJpnVe+i6t6dV2qXeRxFOIJjOAUPrqAGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AHYmY14</latexit>

Y0
<latexit sha1_base64="16AK0wRpyfjAhIrockso/Awocc0=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PAi8eI5iHJEmYns8mQ2dllplcISz7BiwdFvPpF3vwbJ8keNLGgoajqprsrSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWjm6nfeuLaiFg94DjhfkQHSoSCUbTS/WPP65UrbtWdgSwTLycVyFHvlb+6/ZilEVfIJDWm47kJ+hnVKJjkk1I3NTyhbEQHvGOpohE3fjY7dUJOrNInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4bWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tOyYbgLb68TJpnVe+i6t6dV2qXeRxFOIJjOAUPrqAGt1CHBjAYwDO8wpsjnRfn3fmYtxacfOYQ/sD5/AHaHY15</latexit>

Y1

<latexit sha1_base64="3i400Oud/fy7uA1s8c0oXwsVzi0=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PEi8eI5gHJEmYns8mQ2dllplcISz7BiwdFvPpF3vwbJ8keNLGgoajqprsrSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWj26nfeuLaiFg94jjhfkQHSoSCUbTSw03P7ZUrbtWdgSwTLycVyFHvlb+6/ZilEVfIJDWm47kJ+hnVKJjkk1I3NTyhbEQHvGOpohE3fjY7dUJOrNInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4bWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tOyYbgLb68TJpnVe+i6t6fV2qXeRxFOIJjOAUPrqAGd1CHBjAYwDO8wpsjnRfn3fmYtxacfOYQ/sD5/AG0CY1g</latexit>

A0
<latexit sha1_base64="KUWWlsdWjaRc6s71EbmKQ0CCzwc=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PEi8eI5gHJEmYns8mQ2dllplcISz7BiwdFvPpF3vwbJ8keNLGgoajqprsrSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWj26nfeuLaiFg94jjhfkQHSoSCUbTSw03P65UrbtWdgSwTLycVyFHvlb+6/ZilEVfIJDWm47kJ+hnVKJjkk1I3NTyhbEQHvGOpohE3fjY7dUJOrNInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4bWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tOyYbgLb68TJpnVe+i6t6fV2qXeRxFOIJjOAUPrqAGd1CHBjAYwDO8wpsjnRfn3fmYtxacfOYQ/sD5/AG1jY1h</latexit>

A1

<latexit sha1_base64="tgc7Jod+oCjRyFoD39cfr37V6gw=">AAACDXicbVDLSsNAFJ3UV62vqLhyM1iEurAkolgEoeCmy4r2AW0Jk+mkHTqThJkboYR+g9/gVtfuxK3f4NI/cfpY2NYDFw7n3Mu5HD8WXIPjfFuZldW19Y3sZm5re2d3z94/qOsoUZTVaCQi1fSJZoKHrAYcBGvGihHpC9bwB3djv/HElOZR+AjDmHUk6YU84JSAkTz76MEDfIuDQtuXuOKlN3Dujs48O+8UnQnwMnFnJI9mqHr2T7sb0USyEKggWrdcJ4ZOShRwKtgo1040iwkdkB5rGRoSyXQnnbw/wqdG6eIgUmZCwBP170VKpNZD6ZtNSaCvF72x+J/XSiAodVIexgmwkE6DgkRgiPC4C9zlilEQQ0MIVdz8immfKELBNDaX4suR6cRdbGCZ1C+K7lXRub/Ml0uzdrLoGJ2gAnLRNSqjCqqiGqIoRS/oFb1Zz9a79WF9Tlcz1uzmEM3B+voFWzSaXQ==</latexit>

St = f(H:t�1)
<latexit sha1_base64="A4DckdFZIUzpYAjxdj5IUDnY/BY=">AAACFnicbVDJSgNBEO2JW4zbqEdBGoMQUcKMKOYiRLx4jMQskoShp9NjmvQsdNcIYZibH+E3eNWzN/Hq1aN/Ymc5mMQHBY/3qqiq50aCK7CsbyOzsLi0vJJdza2tb2xumds7dRXGkrIaDUUomy5RTPCA1YCDYM1IMuK7gjXc/vXQbzwyqXgY3MEgYh2fPATc45SAlhxzv+okcGyn+BK3ewQSLy1UHTi513XlwJFj5q2iNQKeJ/aE5NEEFcf8aXdDGvssACqIUi3biqCTEAmcCpbm2rFiEaF98sBamgbEZ6qTjP5I8aFWutgLpa4A8Ej9O5EQX6mB7+pOn0BPzXpD8T+vFYNX6iQ8iGJgAR0v8mKBIcTDUHCXS0ZBDDQhVHJ9K6Y9IgkFHd3UFtdPdSb2bALzpH5atM+L1u1ZvlyapJNFe+gAFZCNLlAZ3aAKqiGKntALekVvxrPxbnwYn+PWjDGZ2UVTML5+AcclnmQ=</latexit>

St+1 = f̂(St, Yt, At)

<latexit sha1_base64="eGRx8awOura32QVG2gSfNhU987A=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PAi8eI5iHJEmYnvcmQ2dllZlYISz7BiwdFvPpF3vwbJ8keNLGgoajqprsrSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/VbT6g0j+WDGSfoR3QgecgZNVa6f+y5vXLFrbozkGXi5aQCOeq98le3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9mpE3JilT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeO1nXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtOyYbgLb68TJpnVe+i6t6dV2qXeRxFOIJjOAUPrqAGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AHYmY14</latexit>

Y0
<latexit sha1_base64="16AK0wRpyfjAhIrockso/Awocc0=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PAi8eI5iHJEmYns8mQ2dllplcISz7BiwdFvPpF3vwbJ8keNLGgoajqprsrSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWjm6nfeuLaiFg94DjhfkQHSoSCUbTS/WPP65UrbtWdgSwTLycVyFHvlb+6/ZilEVfIJDWm47kJ+hnVKJjkk1I3NTyhbEQHvGOpohE3fjY7dUJOrNInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4bWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tOyYbgLb68TJpnVe+i6t6dV2qXeRxFOIJjOAUPrqAGt1CHBjAYwDO8wpsjnRfn3fmYtxacfOYQ/sD5/AHaHY15</latexit>

Y1

<latexit sha1_base64="3i400Oud/fy7uA1s8c0oXwsVzi0=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PEi8eI5gHJEmYns8mQ2dllplcISz7BiwdFvPpF3vwbJ8keNLGgoajqprsrSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWj26nfeuLaiFg94jjhfkQHSoSCUbTSw03P7ZUrbtWdgSwTLycVyFHvlb+6/ZilEVfIJDWm47kJ+hnVKJjkk1I3NTyhbEQHvGOpohE3fjY7dUJOrNInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4bWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tOyYbgLb68TJpnVe+i6t6fV2qXeRxFOIJjOAUPrqAGd1CHBjAYwDO8wpsjnRfn3fmYtxacfOYQ/sD5/AG0CY1g</latexit>

A0
<latexit sha1_base64="KUWWlsdWjaRc6s71EbmKQ0CCzwc=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PEi8eI5gHJEmYns8mQ2dllplcISz7BiwdFvPpF3vwbJ8keNLGgoajqprsrSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWj26nfeuLaiFg94jjhfkQHSoSCUbTSw03P65UrbtWdgSwTLycVyFHvlb+6/ZilEVfIJDWm47kJ+hnVKJjkk1I3NTyhbEQHvGOpohE3fjY7dUJOrNInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4bWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tOyYbgLb68TJpnVe+i6t6fV2qXeRxFOIJjOAUPrqAGd1CHBjAYwDO8wpsjnRfn3fmYtxacfOYQ/sD5/AG1jY1h</latexit>

A1

belification

<latexit sha1_base64="DiAy+AXCJesSgDRzJuLhxNXbhpg=">AAAB+XicbVDLTgJBEOzFF+IL9ehlIjHxRHaNryPRi0eMIiSwIbPDLEyYx2Zm1oRs+ASvevZmvPo1Hv0TB9iDgJV0UqnqTndXlHBmrO9/e4WV1bX1jeJmaWt7Z3evvH/wZFSqCW0QxZVuRdhQziRtWGY5bSWaYhFx2oyGtxO/+Uy1YUo+2lFCQ4H7ksWMYOukh5uu3y1X/Ko/BVomQU4qkKPeLf90eoqkgkpLODamHfiJDTOsLSOcjkud1NAEkyHu07ajEgtqwmx66hidOKWHYqVdSYum6t+JDAtjRiJynQLbgVn0JuJ/Xju18XWYMZmklkoyWxSnHFmFJn+jHtOUWD5yBBPN3K2IDLDGxLp05rZEYuwyCRYTWCZPZ9Xgourfn1dql3k6RTiCYziFAK6gBndQhwYQ6MMLvMKbl3nv3of3OWstePnMIczB+/oFX/ST9w==</latexit>

B0
<latexit sha1_base64="wGjYSB1xNlxUCWUH/nrNTUEmcUg=">AAAB+XicbVDLTgJBEOzFF+IL9ehlIjHxRHaNryPRi0eMIiSwIbPDLEyYx2Zm1oRs+ASvevZmvPo1Hv0TB9iDgJV0UqnqTndXlHBmrO9/e4WV1bX1jeJmaWt7Z3evvH/wZFSqCW0QxZVuRdhQziRtWGY5bSWaYhFx2oyGtxO/+Uy1YUo+2lFCQ4H7ksWMYOukh5tu0C1X/Ko/BVomQU4qkKPeLf90eoqkgkpLODamHfiJDTOsLSOcjkud1NAEkyHu07ajEgtqwmx66hidOKWHYqVdSYum6t+JDAtjRiJynQLbgVn0JuJ/Xju18XWYMZmklkoyWxSnHFmFJn+jHtOUWD5yBBPN3K2IDLDGxLp05rZEYuwyCRYTWCZPZ9Xgourfn1dql3k6RTiCYziFAK6gBndQhwYQ6MMLvMKbl3nv3of3OWstePnMIczB+/oFYYeT+A==</latexit>

B1
<latexit sha1_base64="LOA2bqZEegXtVmkS6t5yOs4u+DE=">AAAB+XicbVDLSgNBEOyNrxhfUY9eBoPgKewGX8egF48RzQOSJcxOZpMhM7PLzKwQlnyCVz17E69+jUf/xNlkDyaxoKGo6qa7K4g508Z1v53C2vrG5lZxu7Szu7d/UD48aukoUYQ2ScQj1QmwppxJ2jTMcNqJFcUi4LQdjO8yv/1MlWaRfDKTmPoCDyULGcHGSo+3/Vq/XHGr7gxolXg5qUCORr/80xtEJBFUGsKx1l3PjY2fYmUY4XRa6iWaxpiM8ZB2LZVYUO2ns1On6MwqAxRGypY0aKb+nUix0HoiAtspsBnpZS8T//O6iQlv/JTJODFUkvmiMOHIRCj7Gw2YosTwiSWYKGZvRWSEFSbGprOwJRBTm4m3nMAqadWq3mXVfbio1K/ydIpwAqdwDh5cQx3uoQFNIDCEF3iFNyd13p0P53PeWnDymWNYgPP1C2Mak/k=</latexit>

B2
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Interpretable models: what can agents learn? 

What makes a world model learnable? 

          1. Predictive: world state have no future information. 

          2. Observable: world state is a (deterministic) function of the history, so  

          3. Unifilar: world state can be deterministically updated as  

How to create observable world models?  
—-> By switching the phase space into distributions, known as “beliefs”. 

<latexit sha1_base64="jXx2H2dwzwjF93fXVsEYY8/SVm0=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PAi8dIzAOSJcxOZpMhs7PLTK8QlnyCFw+KePWLvPk3TpI9aGJBQ1HVTXdXkEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GdzO//cS1EbF6xEnC/YgOlQgFo2ilRqPv9ssVt+rOQVaJl5MK5Kj3y1+9QczSiCtkkhrT9dwE/YxqFEzyaamXGp5QNqZD3rVU0YgbP5ufOiVnVhmQMNa2FJK5+nsio5ExkyiwnRHFkVn2ZuJ/XjfF8NbPhEpS5IotFoWpJBiT2d9kIDRnKCeWUKaFvZWwEdWUoU2nZEPwll9eJa2LqndVdR8uK7XrPI4inMApnIMHN1CDe6hDExgM4Rle4c2Rzovz7nwsWgtOPnMMf+B8/gDPdY1y</latexit>

S0
<latexit sha1_base64="HMEo5UGRlBy+RuuYRI1ACrzs/5U=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PAi8dIzAOSJcxOepMhs7PLzKwQlnyCFw+KePWLvPk3TpI9aGJBQ1HVTXdXkAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHstHM0nQj+hQ8pAzaqzUaPS9frniVt05yCrxclKBHPV++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzUKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPUzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2nZEPwll9eJa2LqndVdR8uK7XrPI4inMApnIMHN1CDe6hDExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gDQ+Y1z</latexit>

S1
<latexit sha1_base64="nLrlhEaJ603r9pG4RYv3r8yVyGk=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBA8hd3g6xjw4jES84BkCbOT3mTI7OwyMyuEJZ/gxYMiXv0ib/6Nk2QPmljQUFR1090VJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WjmSToR3QoecgZNVZqNPrVfqnsVtw5yCrxclKGHPV+6as3iFkaoTRMUK27npsYP6PKcCZwWuylGhPKxnSIXUsljVD72fzUKTm3yoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPUzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2naEPwll9eJa1qxbuquA+X5dp1HkcBTuEMLsCDG6jBPdShCQyG8Ayv8OYI58V5dz4WrWtOPnMCf+B8/gDSfY10</latexit>

S2

<latexit sha1_base64="eGRx8awOura32QVG2gSfNhU987A=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PAi8eI5iHJEmYnvcmQ2dllZlYISz7BiwdFvPpF3vwbJ8keNLGgoajqprsrSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/VbT6g0j+WDGSfoR3QgecgZNVa6f+y5vXLFrbozkGXi5aQCOeq98le3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9mpE3JilT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeO1nXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtOyYbgLb68TJpnVe+i6t6dV2qXeRxFOIJjOAUPrqAGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AHYmY14</latexit>

Y0
<latexit sha1_base64="16AK0wRpyfjAhIrockso/Awocc0=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PAi8eI5iHJEmYns8mQ2dllplcISz7BiwdFvPpF3vwbJ8keNLGgoajqprsrSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWjm6nfeuLaiFg94DjhfkQHSoSCUbTS/WPP65UrbtWdgSwTLycVyFHvlb+6/ZilEVfIJDWm47kJ+hnVKJjkk1I3NTyhbEQHvGOpohE3fjY7dUJOrNInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4bWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tOyYbgLb68TJpnVe+i6t6dV2qXeRxFOIJjOAUPrqAGt1CHBjAYwDO8wpsjnRfn3fmYtxacfOYQ/sD5/AHaHY15</latexit>

Y1

<latexit sha1_base64="3i400Oud/fy7uA1s8c0oXwsVzi0=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PEi8eI5gHJEmYns8mQ2dllplcISz7BiwdFvPpF3vwbJ8keNLGgoajqprsrSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWj26nfeuLaiFg94jjhfkQHSoSCUbTSw03P7ZUrbtWdgSwTLycVyFHvlb+6/ZilEVfIJDWm47kJ+hnVKJjkk1I3NTyhbEQHvGOpohE3fjY7dUJOrNInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4bWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tOyYbgLb68TJpnVe+i6t6fV2qXeRxFOIJjOAUPrqAGd1CHBjAYwDO8wpsjnRfn3fmYtxacfOYQ/sD5/AG0CY1g</latexit>

A0
<latexit sha1_base64="KUWWlsdWjaRc6s71EbmKQ0CCzwc=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PEi8eI5gHJEmYns8mQ2dllplcISz7BiwdFvPpF3vwbJ8keNLGgoajqprsrSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWj26nfeuLaiFg94jjhfkQHSoSCUbTSw03P65UrbtWdgSwTLycVyFHvlb+6/ZilEVfIJDWm47kJ+hnVKJjkk1I3NTyhbEQHvGOpohE3fjY7dUJOrNInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4bWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tOyYbgLb68TJpnVe+i6t6fV2qXeRxFOIJjOAUPrqAGd1CHBjAYwDO8wpsjnRfn3fmYtxacfOYQ/sD5/AG1jY1h</latexit>

A1

<latexit sha1_base64="tgc7Jod+oCjRyFoD39cfr37V6gw=">AAACDXicbVDLSsNAFJ3UV62vqLhyM1iEurAkolgEoeCmy4r2AW0Jk+mkHTqThJkboYR+g9/gVtfuxK3f4NI/cfpY2NYDFw7n3Mu5HD8WXIPjfFuZldW19Y3sZm5re2d3z94/qOsoUZTVaCQi1fSJZoKHrAYcBGvGihHpC9bwB3djv/HElOZR+AjDmHUk6YU84JSAkTz76MEDfIuDQtuXuOKlN3Dujs48O+8UnQnwMnFnJI9mqHr2T7sb0USyEKggWrdcJ4ZOShRwKtgo1040iwkdkB5rGRoSyXQnnbw/wqdG6eIgUmZCwBP170VKpNZD6ZtNSaCvF72x+J/XSiAodVIexgmwkE6DgkRgiPC4C9zlilEQQ0MIVdz8immfKELBNDaX4suR6cRdbGCZ1C+K7lXRub/Ml0uzdrLoGJ2gAnLRNSqjCqqiGqIoRS/oFb1Zz9a79WF9Tlcz1uzmEM3B+voFWzSaXQ==</latexit>

St = f(H:t�1)
<latexit sha1_base64="A4DckdFZIUzpYAjxdj5IUDnY/BY=">AAACFnicbVDJSgNBEO2JW4zbqEdBGoMQUcKMKOYiRLx4jMQskoShp9NjmvQsdNcIYZibH+E3eNWzN/Hq1aN/Ymc5mMQHBY/3qqiq50aCK7CsbyOzsLi0vJJdza2tb2xumds7dRXGkrIaDUUomy5RTPCA1YCDYM1IMuK7gjXc/vXQbzwyqXgY3MEgYh2fPATc45SAlhxzv+okcGyn+BK3ewQSLy1UHTi513XlwJFj5q2iNQKeJ/aE5NEEFcf8aXdDGvssACqIUi3biqCTEAmcCpbm2rFiEaF98sBamgbEZ6qTjP5I8aFWutgLpa4A8Ej9O5EQX6mB7+pOn0BPzXpD8T+vFYNX6iQ8iGJgAR0v8mKBIcTDUHCXS0ZBDDQhVHJ9K6Y9IgkFHd3UFtdPdSb2bALzpH5atM+L1u1ZvlyapJNFe+gAFZCNLlAZ3aAKqiGKntALekVvxrPxbnwYn+PWjDGZ2UVTML5+AcclnmQ=</latexit>

St+1 = f̂(St, Yt, At)

<latexit sha1_base64="eGRx8awOura32QVG2gSfNhU987A=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PAi8eI5iHJEmYnvcmQ2dllZlYISz7BiwdFvPpF3vwbJ8keNLGgoajqprsrSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/VbT6g0j+WDGSfoR3QgecgZNVa6f+y5vXLFrbozkGXi5aQCOeq98le3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9mpE3JilT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeO1nXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtOyYbgLb68TJpnVe+i6t6dV2qXeRxFOIJjOAUPrqAGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AHYmY14</latexit>

Y0
<latexit sha1_base64="16AK0wRpyfjAhIrockso/Awocc0=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PAi8eI5iHJEmYns8mQ2dllplcISz7BiwdFvPpF3vwbJ8keNLGgoajqprsrSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWjm6nfeuLaiFg94DjhfkQHSoSCUbTS/WPP65UrbtWdgSwTLycVyFHvlb+6/ZilEVfIJDWm47kJ+hnVKJjkk1I3NTyhbEQHvGOpohE3fjY7dUJOrNInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4bWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tOyYbgLb68TJpnVe+i6t6dV2qXeRxFOIJjOAUPrqAGt1CHBjAYwDO8wpsjnRfn3fmYtxacfOYQ/sD5/AHaHY15</latexit>

Y1

<latexit sha1_base64="3i400Oud/fy7uA1s8c0oXwsVzi0=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PEi8eI5gHJEmYns8mQ2dllplcISz7BiwdFvPpF3vwbJ8keNLGgoajqprsrSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWj26nfeuLaiFg94jjhfkQHSoSCUbTSw03P7ZUrbtWdgSwTLycVyFHvlb+6/ZilEVfIJDWm47kJ+hnVKJjkk1I3NTyhbEQHvGOpohE3fjY7dUJOrNInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4bWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tOyYbgLb68TJpnVe+i6t6fV2qXeRxFOIJjOAUPrqAGd1CHBjAYwDO8wpsjnRfn3fmYtxacfOYQ/sD5/AG0CY1g</latexit>

A0
<latexit sha1_base64="KUWWlsdWjaRc6s71EbmKQ0CCzwc=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PEi8eI5gHJEmYns8mQ2dllplcISz7BiwdFvPpF3vwbJ8keNLGgoajqprsrSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWj26nfeuLaiFg94jjhfkQHSoSCUbTSw03P65UrbtWdgSwTLycVyFHvlb+6/ZilEVfIJDWm47kJ+hnVKJjkk1I3NTyhbEQHvGOpohE3fjY7dUJOrNInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4bWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tOyYbgLb68TJpnVe+i6t6fV2qXeRxFOIJjOAUPrqAGd1CHBjAYwDO8wpsjnRfn3fmYtxacfOYQ/sD5/AG1jY1h</latexit>

A1

belification

<latexit sha1_base64="DiAy+AXCJesSgDRzJuLhxNXbhpg=">AAAB+XicbVDLTgJBEOzFF+IL9ehlIjHxRHaNryPRi0eMIiSwIbPDLEyYx2Zm1oRs+ASvevZmvPo1Hv0TB9iDgJV0UqnqTndXlHBmrO9/e4WV1bX1jeJmaWt7Z3evvH/wZFSqCW0QxZVuRdhQziRtWGY5bSWaYhFx2oyGtxO/+Uy1YUo+2lFCQ4H7ksWMYOukh5uu3y1X/Ko/BVomQU4qkKPeLf90eoqkgkpLODamHfiJDTOsLSOcjkud1NAEkyHu07ajEgtqwmx66hidOKWHYqVdSYum6t+JDAtjRiJynQLbgVn0JuJ/Xju18XWYMZmklkoyWxSnHFmFJn+jHtOUWD5yBBPN3K2IDLDGxLp05rZEYuwyCRYTWCZPZ9Xgourfn1dql3k6RTiCYziFAK6gBndQhwYQ6MMLvMKbl3nv3of3OWstePnMIczB+/oFX/ST9w==</latexit>

B0
<latexit sha1_base64="wGjYSB1xNlxUCWUH/nrNTUEmcUg=">AAAB+XicbVDLTgJBEOzFF+IL9ehlIjHxRHaNryPRi0eMIiSwIbPDLEyYx2Zm1oRs+ASvevZmvPo1Hv0TB9iDgJV0UqnqTndXlHBmrO9/e4WV1bX1jeJmaWt7Z3evvH/wZFSqCW0QxZVuRdhQziRtWGY5bSWaYhFx2oyGtxO/+Uy1YUo+2lFCQ4H7ksWMYOukh5tu0C1X/Ko/BVomQU4qkKPeLf90eoqkgkpLODamHfiJDTOsLSOcjkud1NAEkyHu07ajEgtqwmx66hidOKWHYqVdSYum6t+JDAtjRiJynQLbgVn0JuJ/Xju18XWYMZmklkoyWxSnHFmFJn+jHtOUWD5yBBPN3K2IDLDGxLp05rZEYuwyCRYTWCZPZ9Xgourfn1dql3k6RTiCYziFAK6gBndQhwYQ6MMLvMKbl3nv3of3OWstePnMIczB+/oFYYeT+A==</latexit>

B1
<latexit sha1_base64="LOA2bqZEegXtVmkS6t5yOs4u+DE=">AAAB+XicbVDLSgNBEOyNrxhfUY9eBoPgKewGX8egF48RzQOSJcxOZpMhM7PLzKwQlnyCVz17E69+jUf/xNlkDyaxoKGo6qa7K4g508Z1v53C2vrG5lZxu7Szu7d/UD48aukoUYQ2ScQj1QmwppxJ2jTMcNqJFcUi4LQdjO8yv/1MlWaRfDKTmPoCDyULGcHGSo+3/Vq/XHGr7gxolXg5qUCORr/80xtEJBFUGsKx1l3PjY2fYmUY4XRa6iWaxpiM8ZB2LZVYUO2ns1On6MwqAxRGypY0aKb+nUix0HoiAtspsBnpZS8T//O6iQlv/JTJODFUkvmiMOHIRCj7Gw2YosTwiSWYKGZvRWSEFSbGprOwJRBTm4m3nMAqadWq3mXVfbio1K/ydIpwAqdwDh5cQx3uoQFNIDCEF3iFNyd13p0P53PeWnDymWNYgPP1C2Mak/k=</latexit>

B2
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Interpretable models: what can agents learn? 

What makes a world model learnable? 

          1. Predictive: world state have no future information. 

          2. Observable: world state is a (deterministic) function of the history, so  

          3. Unifilar: world state can be deterministically updated as  

How to create observable world models?  
—-> By switching the phase space into distributions, known as “beliefs”. 

In fact, Bayesian beliefs are unifilar and yield a transducer that generate the same interface!

<latexit sha1_base64="jXx2H2dwzwjF93fXVsEYY8/SVm0=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PAi8dIzAOSJcxOZpMhs7PLTK8QlnyCFw+KePWLvPk3TpI9aGJBQ1HVTXdXkEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GdzO//cS1EbF6xEnC/YgOlQgFo2ilRqPv9ssVt+rOQVaJl5MK5Kj3y1+9QczSiCtkkhrT9dwE/YxqFEzyaamXGp5QNqZD3rVU0YgbP5ufOiVnVhmQMNa2FJK5+nsio5ExkyiwnRHFkVn2ZuJ/XjfF8NbPhEpS5IotFoWpJBiT2d9kIDRnKCeWUKaFvZWwEdWUoU2nZEPwll9eJa2LqndVdR8uK7XrPI4inMApnIMHN1CDe6hDExgM4Rle4c2Rzovz7nwsWgtOPnMMf+B8/gDPdY1y</latexit>

S0
<latexit sha1_base64="HMEo5UGRlBy+RuuYRI1ACrzs/5U=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PAi8dIzAOSJcxOepMhs7PLzKwQlnyCFw+KePWLvPk3TpI9aGJBQ1HVTXdXkAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHstHM0nQj+hQ8pAzaqzUaPS9frniVt05yCrxclKBHPV++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzUKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPUzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2nZEPwll9eJa2LqndVdR8uK7XrPI4inMApnIMHN1CDe6hDExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gDQ+Y1z</latexit>

S1
<latexit sha1_base64="nLrlhEaJ603r9pG4RYv3r8yVyGk=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBA8hd3g6xjw4jES84BkCbOT3mTI7OwyMyuEJZ/gxYMiXv0ib/6Nk2QPmljQUFR1090VJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WjmSToR3QoecgZNVZqNPrVfqnsVtw5yCrxclKGHPV+6as3iFkaoTRMUK27npsYP6PKcCZwWuylGhPKxnSIXUsljVD72fzUKTm3yoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPUzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2naEPwll9eJa1qxbuquA+X5dp1HkcBTuEMLsCDG6jBPdShCQyG8Ayv8OYI58V5dz4WrWtOPnMCf+B8/gDSfY10</latexit>

S2

<latexit sha1_base64="eGRx8awOura32QVG2gSfNhU987A=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PAi8eI5iHJEmYnvcmQ2dllZlYISz7BiwdFvPpF3vwbJ8keNLGgoajqprsrSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/VbT6g0j+WDGSfoR3QgecgZNVa6f+y5vXLFrbozkGXi5aQCOeq98le3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9mpE3JilT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeO1nXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtOyYbgLb68TJpnVe+i6t6dV2qXeRxFOIJjOAUPrqAGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AHYmY14</latexit>

Y0
<latexit sha1_base64="16AK0wRpyfjAhIrockso/Awocc0=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PAi8eI5iHJEmYns8mQ2dllplcISz7BiwdFvPpF3vwbJ8keNLGgoajqprsrSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWjm6nfeuLaiFg94DjhfkQHSoSCUbTS/WPP65UrbtWdgSwTLycVyFHvlb+6/ZilEVfIJDWm47kJ+hnVKJjkk1I3NTyhbEQHvGOpohE3fjY7dUJOrNInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4bWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tOyYbgLb68TJpnVe+i6t6dV2qXeRxFOIJjOAUPrqAGt1CHBjAYwDO8wpsjnRfn3fmYtxacfOYQ/sD5/AHaHY15</latexit>

Y1

<latexit sha1_base64="3i400Oud/fy7uA1s8c0oXwsVzi0=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PEi8eI5gHJEmYns8mQ2dllplcISz7BiwdFvPpF3vwbJ8keNLGgoajqprsrSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWj26nfeuLaiFg94jjhfkQHSoSCUbTSw03P7ZUrbtWdgSwTLycVyFHvlb+6/ZilEVfIJDWm47kJ+hnVKJjkk1I3NTyhbEQHvGOpohE3fjY7dUJOrNInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4bWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tOyYbgLb68TJpnVe+i6t6fV2qXeRxFOIJjOAUPrqAGd1CHBjAYwDO8wpsjnRfn3fmYtxacfOYQ/sD5/AG0CY1g</latexit>

A0
<latexit sha1_base64="KUWWlsdWjaRc6s71EbmKQ0CCzwc=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PEi8eI5gHJEmYns8mQ2dllplcISz7BiwdFvPpF3vwbJ8keNLGgoajqprsrSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWj26nfeuLaiFg94jjhfkQHSoSCUbTSw03P65UrbtWdgSwTLycVyFHvlb+6/ZilEVfIJDWm47kJ+hnVKJjkk1I3NTyhbEQHvGOpohE3fjY7dUJOrNInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4bWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tOyYbgLb68TJpnVe+i6t6fV2qXeRxFOIJjOAUPrqAGd1CHBjAYwDO8wpsjnRfn3fmYtxacfOYQ/sD5/AG1jY1h</latexit>

A1

<latexit sha1_base64="tgc7Jod+oCjRyFoD39cfr37V6gw=">AAACDXicbVDLSsNAFJ3UV62vqLhyM1iEurAkolgEoeCmy4r2AW0Jk+mkHTqThJkboYR+g9/gVtfuxK3f4NI/cfpY2NYDFw7n3Mu5HD8WXIPjfFuZldW19Y3sZm5re2d3z94/qOsoUZTVaCQi1fSJZoKHrAYcBGvGihHpC9bwB3djv/HElOZR+AjDmHUk6YU84JSAkTz76MEDfIuDQtuXuOKlN3Dujs48O+8UnQnwMnFnJI9mqHr2T7sb0USyEKggWrdcJ4ZOShRwKtgo1040iwkdkB5rGRoSyXQnnbw/wqdG6eIgUmZCwBP170VKpNZD6ZtNSaCvF72x+J/XSiAodVIexgmwkE6DgkRgiPC4C9zlilEQQ0MIVdz8immfKELBNDaX4suR6cRdbGCZ1C+K7lXRub/Ml0uzdrLoGJ2gAnLRNSqjCqqiGqIoRS/oFb1Zz9a79WF9Tlcz1uzmEM3B+voFWzSaXQ==</latexit>

St = f(H:t�1)
<latexit sha1_base64="A4DckdFZIUzpYAjxdj5IUDnY/BY=">AAACFnicbVDJSgNBEO2JW4zbqEdBGoMQUcKMKOYiRLx4jMQskoShp9NjmvQsdNcIYZibH+E3eNWzN/Hq1aN/Ymc5mMQHBY/3qqiq50aCK7CsbyOzsLi0vJJdza2tb2xumds7dRXGkrIaDUUomy5RTPCA1YCDYM1IMuK7gjXc/vXQbzwyqXgY3MEgYh2fPATc45SAlhxzv+okcGyn+BK3ewQSLy1UHTi513XlwJFj5q2iNQKeJ/aE5NEEFcf8aXdDGvssACqIUi3biqCTEAmcCpbm2rFiEaF98sBamgbEZ6qTjP5I8aFWutgLpa4A8Ej9O5EQX6mB7+pOn0BPzXpD8T+vFYNX6iQ8iGJgAR0v8mKBIcTDUHCXS0ZBDDQhVHJ9K6Y9IgkFHd3UFtdPdSb2bALzpH5atM+L1u1ZvlyapJNFe+gAFZCNLlAZ3aAKqiGKntALekVvxrPxbnwYn+PWjDGZ2UVTML5+AcclnmQ=</latexit>

St+1 = f̂(St, Yt, At)

<latexit sha1_base64="9AsH39oBUrb2hOjq2nuVZf+jdiU="></latexit>

bt+1(st+1) =
1

Z

X

st

p(yt, st+1|at, st)bt(st),

<latexit sha1_base64="eGRx8awOura32QVG2gSfNhU987A=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PAi8eI5iHJEmYnvcmQ2dllZlYISz7BiwdFvPpF3vwbJ8keNLGgoajqprsrSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/VbT6g0j+WDGSfoR3QgecgZNVa6f+y5vXLFrbozkGXi5aQCOeq98le3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9mpE3JilT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeO1nXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtOyYbgLb68TJpnVe+i6t6dV2qXeRxFOIJjOAUPrqAGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AHYmY14</latexit>

Y0
<latexit sha1_base64="16AK0wRpyfjAhIrockso/Awocc0=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PAi8eI5iHJEmYns8mQ2dllplcISz7BiwdFvPpF3vwbJ8keNLGgoajqprsrSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWjm6nfeuLaiFg94DjhfkQHSoSCUbTS/WPP65UrbtWdgSwTLycVyFHvlb+6/ZilEVfIJDWm47kJ+hnVKJjkk1I3NTyhbEQHvGOpohE3fjY7dUJOrNInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4bWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tOyYbgLb68TJpnVe+i6t6dV2qXeRxFOIJjOAUPrqAGt1CHBjAYwDO8wpsjnRfn3fmYtxacfOYQ/sD5/AHaHY15</latexit>

Y1

<latexit sha1_base64="3i400Oud/fy7uA1s8c0oXwsVzi0=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PEi8eI5gHJEmYns8mQ2dllplcISz7BiwdFvPpF3vwbJ8keNLGgoajqprsrSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWj26nfeuLaiFg94jjhfkQHSoSCUbTSw03P7ZUrbtWdgSwTLycVyFHvlb+6/ZilEVfIJDWm47kJ+hnVKJjkk1I3NTyhbEQHvGOpohE3fjY7dUJOrNInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4bWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tOyYbgLb68TJpnVe+i6t6fV2qXeRxFOIJjOAUPrqAGd1CHBjAYwDO8wpsjnRfn3fmYtxacfOYQ/sD5/AG0CY1g</latexit>

A0
<latexit sha1_base64="KUWWlsdWjaRc6s71EbmKQ0CCzwc=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PEi8eI5gHJEmYns8mQ2dllplcISz7BiwdFvPpF3vwbJ8keNLGgoajqprsrSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWj26nfeuLaiFg94jjhfkQHSoSCUbTSw03P65UrbtWdgSwTLycVyFHvlb+6/ZilEVfIJDWm47kJ+hnVKJjkk1I3NTyhbEQHvGOpohE3fjY7dUJOrNInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4bWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tOyYbgLb68TJpnVe+i6t6fV2qXeRxFOIJjOAUPrqAGd1CHBjAYwDO8wpsjnRfn3fmYtxacfOYQ/sD5/AG1jY1h</latexit>

A1

belification

<latexit sha1_base64="DiAy+AXCJesSgDRzJuLhxNXbhpg=">AAAB+XicbVDLTgJBEOzFF+IL9ehlIjHxRHaNryPRi0eMIiSwIbPDLEyYx2Zm1oRs+ASvevZmvPo1Hv0TB9iDgJV0UqnqTndXlHBmrO9/e4WV1bX1jeJmaWt7Z3evvH/wZFSqCW0QxZVuRdhQziRtWGY5bSWaYhFx2oyGtxO/+Uy1YUo+2lFCQ4H7ksWMYOukh5uu3y1X/Ko/BVomQU4qkKPeLf90eoqkgkpLODamHfiJDTOsLSOcjkud1NAEkyHu07ajEgtqwmx66hidOKWHYqVdSYum6t+JDAtjRiJynQLbgVn0JuJ/Xju18XWYMZmklkoyWxSnHFmFJn+jHtOUWD5yBBPN3K2IDLDGxLp05rZEYuwyCRYTWCZPZ9Xgourfn1dql3k6RTiCYziFAK6gBndQhwYQ6MMLvMKbl3nv3of3OWstePnMIczB+/oFX/ST9w==</latexit>

B0
<latexit sha1_base64="wGjYSB1xNlxUCWUH/nrNTUEmcUg=">AAAB+XicbVDLTgJBEOzFF+IL9ehlIjHxRHaNryPRi0eMIiSwIbPDLEyYx2Zm1oRs+ASvevZmvPo1Hv0TB9iDgJV0UqnqTndXlHBmrO9/e4WV1bX1jeJmaWt7Z3evvH/wZFSqCW0QxZVuRdhQziRtWGY5bSWaYhFx2oyGtxO/+Uy1YUo+2lFCQ4H7ksWMYOukh5tu0C1X/Ko/BVomQU4qkKPeLf90eoqkgkpLODamHfiJDTOsLSOcjkud1NAEkyHu07ajEgtqwmx66hidOKWHYqVdSYum6t+JDAtjRiJynQLbgVn0JuJ/Xju18XWYMZmklkoyWxSnHFmFJn+jHtOUWD5yBBPN3K2IDLDGxLp05rZEYuwyCRYTWCZPZ9Xgourfn1dql3k6RTiCYziFAK6gBndQhwYQ6MMLvMKbl3nv3of3OWstePnMIczB+/oFYYeT+A==</latexit>

B1
<latexit sha1_base64="LOA2bqZEegXtVmkS6t5yOs4u+DE=">AAAB+XicbVDLSgNBEOyNrxhfUY9eBoPgKewGX8egF48RzQOSJcxOZpMhM7PLzKwQlnyCVz17E69+jUf/xNlkDyaxoKGo6qa7K4g508Z1v53C2vrG5lZxu7Szu7d/UD48aukoUYQ2ScQj1QmwppxJ2jTMcNqJFcUi4LQdjO8yv/1MlWaRfDKTmPoCDyULGcHGSo+3/Vq/XHGr7gxolXg5qUCORr/80xtEJBFUGsKx1l3PjY2fYmUY4XRa6iWaxpiM8ZB2LZVYUO2ns1On6MwqAxRGypY0aKb+nUix0HoiAtspsBnpZS8T//O6iQlv/JTJODFUkvmiMOHIRCj7Gw2YosTwiSWYKGZvRWSEFSbGprOwJRBTm4m3nMAqadWq3mXVfbio1K/ydIpwAqdwDh5cQx3uoQFNIDCEF3iFNyd13p0P53PeWnDymWNYgPP1C2Mak/k=</latexit>

B2
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Minimal predictive models 

Let’s build equivalence classes of histories where                                if and only if  

These are the states of the “e-transducer”. 

<latexit sha1_base64="+20eNa0LiZLAvvuMxFqLVFqFzDI="></latexit>

p(yt:t+T |h:t�1,at:t+T ) = p(yt:t+T |h0
:t�1,at:t+T ), 8yt:t+L,at:t+L, L 2 N.
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Minimal predictive models 

Let’s build equivalence classes of histories where                                if and only if  

These are the states of the “e-transducer”. 

Findings: 

          1. It is the minimal bisimulation of the Funes transducer  
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          4. Thus, it is the minimal predictive world model that generates the interface. 
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Minimal predictive models 

Let’s build equivalence classes of histories where                                if and only if  

These are the states of the “e-transducer”. 

Findings: 

          1. It is the minimal bisimulation of the Funes transducer  

          2. It is a transducer. 

          3. It is the minimal bisimulation of *any* predictive world model that generates the interface. 

          4. Thus, it is the minimal predictive world model that generates the interface. 
  

Conclusion 1: agents with same interface but beliefs in different world models still share  
                        the e-transducer. 
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Minimal predictive models 

Let’s build equivalence classes of histories where                                if and only if  

These are the states of the “e-transducer”. 

Findings: 

          1. It is the minimal bisimulation of the Funes transducer  

          2. It is a transducer. 

          3. It is the minimal bisimulation of *any* predictive world model that generates the interface. 

          4. Thus, it is the minimal predictive world model that generates the interface. 
  

Conclusion 1: agents with same interface but beliefs in different world models still share  
                        the e-transducer. 

Conclusion 2: the e-transducer contains all the predictive information about the world  
                         that is learnable from the interface.
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What have we learned? 

•   The class of world models that can be used to simulate a given agent’s 
interface is surprisingly rich. 

•   There exists a fundamental trade-off between computational 
efficiency and interpretability of world models. 

•   Interpretability has various flavours — we explored forward based on 
e-transducer and backwards based on reversible transducers.
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