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Many models of the physical world

All wrong, some useful.

Useful for what?



My focus:  Models that are useful for robot action selection

WTF? 1

1 What To do First?



Konidaris's tale of two levels

swampy:    (PDEs)
- potentially very accurate
- hard to know state
- hard to learn model
- hard to compute with

crisp
- potentially highly inaccurate
- sparse
- easier to learn model
- easier to compute with



We need both levels!

swampy: local control loops
- learn policy directly or do local MPC
- control out stochasticity and
(some) partial observability

crisp: transition model
- abstract over objects
- matched to planning algs
- nearly deterministic

policy

Carve nature at its joints!



How to get started?

Properties first (lpk)
- start with idea of objects, defined properties
- learn policies to change property values
- learn hybrid model of preconds and effects
for planning

Policies first (Konidaris)
- start with swampy option policies
- learn purely discrete factored transition 
model

policy



Planning in large hybrid (discrete  + continuous)  domains

Pure forward  search unlikely to  work
• infinite branching factor
• unbiased sampling unlikely to satisfy downstream 

requirements
Modern TAMP (task and motion planning) strategies 
integrate structure and parameter search
• constrained optimization 

(Toussaint)
• pre-image back-chaining 

(Kaelbling and Lozano-Perez)
• sampling guided by task-level plans 

(Garrett) 

Represent constraints among 
discrete and continuous values



How can a competent robot acquire a new ability?

• Learn new primitive skill 
• Examples: Cutting, pushing, stirring, pouring,

throwing
• Closed-loop low-level policy intended to achieve some 

objective, possibly parameterized

• Add that skill to existing skill set to accomplish new goals!
• For flexibility, use a general-purpose planner
• Learn description of skill's preconditions and effects
• Representation should generalize over objects, locations, etc.

Most robot learning:
assume given

Our focus



Learning a new operator

1. Determine which other objects may affect or be affected by this policy

• Old approach (Pasula, Zettlemoyer, K)

• Preliminary new approach (Xia, Wang, K)

2. Learn detailed relation on properties of all these objects that predicts 
when the  policy will have its intended  effect

• Gaussian process method also supports planning 
(Wang, Garrett,  K, Lozano-Perez)



Learning a new operator
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• Preliminary new approach (Xia, Wang, K)
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Blocks with 
(wonky) physics

Pasula, Zettlemoyer, K; JAIR 2007



Probabilistic dynamic rules

Combine logic and probability to 
model effects of actions in complex, uncertain domains

pickup(X): {Y: on(X,Y)}
clear(X), inhand-nil, size(X)>2, size(X)<7 à

0.803 :¬on(X,Y)
0.093 : no change

deictic reference:
Y = the object X is on

noise outcome:
probs don't sum to 1

STRIPS assumption:
no other relations change

sparse:
few dependencies



For now, assume some definition of "On"

Useful symbolic vocabulary should be learned



Given experience,
Find rule set that optimizes

Start with one default rule:  “stuff happens”
• Symbolic: add, delete rule;  change rule conditions
• Greedy: choose set of outcomes
• Convex optimization: find maximum likelihood probabilities

Neoclassical learning



Concept invention

p1(X) :- ¬$Y. on(X,Y) X is in the hand

p2() :- ¬$Z. p1(Z)     nothing is in the hand

p3(X) :- ¬$Y. on(Y,X)    X is clear

p4(X,Y) :- on(X,Y)* X is above Y

p5(X,Y) :- p3(X) Ù p4(X,Y)  X is on the top of the stack containing Y

f6(X) :- #Y. p4(X,Y)        the height of X

• New concepts allow predictive theory to be expressed more compactly and 
learned from less data

• Add outer loop with logical operations, quantification, transitive closure, counting
• Definitions subject to complexity penalty



pickup(X): {Y: on(X,Y)}
clear(X), inhand-nil, size(X)>2, size(X)<7à

0.803 :¬on(X,Y)
0.093 : no change

picking up middle-
sized blocks usually 

works

Rules learned from data



pickup(X): 
clear(X), inhand-nil, ¬size(X)<7 à
0.906 : no change

it’s impossible to 
pick up very big 

blocks

Rules learned from data



pickup(X): {T: table(T)}, {Y: on(X,Y), on(Y,T)}
clear(X), inhand-nil, size(X)<2  à

0.105 :¬on(X,Y)
0.582 :¬on(Y,T)
0.312 : no change

if a tiny block is on 
another block that is on 
the table, and we try to 
pick up the tiny block, 
we’ll often pick up the 
other block as well, or 

fail

Rules learned from data
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Planning with learned rules



Learning a new operator

1. Determine which other objects may affect or be affected by this policy

• Old approach (Pasula, Zettlemoyer, K)

• Preliminary new approach (Xia, Wang, K)

2. Learn detailed relation on properties of all these objects that predicts 
when the  policy will have its intended  effect

• Gaussian process method also supports planning 
(Wang, Garrett,  K, Lozano-Perez)



Operator descriptions: sparse relational transition model

Planning is efficient given representation that is
• factored,  relational 
• generalized over objects
• sparse and local

Operator descriptions represent 
transition model
Related models
• neural module networks
• graph networks
• attention models
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<latexit sha1_base64="pV1aVIJDSXuTtagXTFKIdZdgy4E=">AAAB6nicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHivYD2qVk09k2NJssSVYopT/BiwdFvPqLvPlvTNs9aOsLgYd3ZsjMG6WCG+v7315hbX1jc6u4XdrZ3ds/KB8eNY3KNMMGU0LpdkQNCi6xYbkV2E410iQS2IpGt7N66wm14Uo+2nGKYUIHksecUeusB9ULeuWKX/XnIqsQ5FCBXPVe+avbVyxLUFomqDGdwE9tOKHaciZwWupmBlPKRnSAHYeSJmjCyXzVKTlzTp/ESrsnLZm7vycmNDFmnESuM6F2aJZrM/O/Wiez8XU44TLNLEq2+CjOBLGKzO4mfa6RWTF2QJnmblfChlRTZl06JRdCsHzyKjQvqoHj+8tK7SaPowgncArnEMAV1OAO6tAABgN4hld484T34r17H4vWgpfPHMMfeZ8//e2Nlw==</latexit><latexit sha1_base64="pV1aVIJDSXuTtagXTFKIdZdgy4E=">AAAB6nicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHivYD2qVk09k2NJssSVYopT/BiwdFvPqLvPlvTNs9aOsLgYd3ZsjMG6WCG+v7315hbX1jc6u4XdrZ3ds/KB8eNY3KNMMGU0LpdkQNCi6xYbkV2E410iQS2IpGt7N66wm14Uo+2nGKYUIHksecUeusB9ULeuWKX/XnIqsQ5FCBXPVe+avbVyxLUFomqDGdwE9tOKHaciZwWupmBlPKRnSAHYeSJmjCyXzVKTlzTp/ESrsnLZm7vycmNDFmnESuM6F2aJZrM/O/Wiez8XU44TLNLEq2+CjOBLGKzO4mfa6RWTF2QJnmblfChlRTZl06JRdCsHzyKjQvqoHj+8tK7SaPowgncArnEMAV1OAO6tAABgN4hld484T34r17H4vWgpfPHMMfeZ8//e2Nlw==</latexit><latexit sha1_base64="pV1aVIJDSXuTtagXTFKIdZdgy4E=">AAAB6nicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHivYD2qVk09k2NJssSVYopT/BiwdFvPqLvPlvTNs9aOsLgYd3ZsjMG6WCG+v7315hbX1jc6u4XdrZ3ds/KB8eNY3KNMMGU0LpdkQNCi6xYbkV2E410iQS2IpGt7N66wm14Uo+2nGKYUIHksecUeusB9ULeuWKX/XnIqsQ5FCBXPVe+avbVyxLUFomqDGdwE9tOKHaciZwWupmBlPKRnSAHYeSJmjCyXzVKTlzTp/ESrsnLZm7vycmNDFmnESuM6F2aJZrM/O/Wiez8XU44TLNLEq2+CjOBLGKzO4mfa6RWTF2QJnmblfChlRTZl06JRdCsHzyKjQvqoHj+8tK7SaPowgncArnEMAV1OAO6tAABgN4hld484T34r17H4vWgpfPHMMfeZ8//e2Nlw==</latexit><latexit sha1_base64="pV1aVIJDSXuTtagXTFKIdZdgy4E=">AAAB6nicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHivYD2qVk09k2NJssSVYopT/BiwdFvPqLvPlvTNs9aOsLgYd3ZsjMG6WCG+v7315hbX1jc6u4XdrZ3ds/KB8eNY3KNMMGU0LpdkQNCi6xYbkV2E410iQS2IpGt7N66wm14Uo+2nGKYUIHksecUeusB9ULeuWKX/XnIqsQ5FCBXPVe+avbVyxLUFomqDGdwE9tOKHaciZwWupmBlPKRnSAHYeSJmjCyXzVKTlzTp/ESrsnLZm7vycmNDFmnESuM6F2aJZrM/O/Wiez8XU44TLNLEq2+CjOBLGKzO4mfa6RWTF2QJnmblfChlRTZl06JRdCsHzyKjQvqoHj+8tK7SaPowgncArnEMAV1OAO6tAABgN4hld484T34r17H4vWgpfPHMMfeZ8//e2Nlw==</latexit>

on
<latexit sha1_base64="nXDJPQPnQITohi0kvd3kAlRgDT8=">AAAB6nicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHivYD2qVk02wbmk2WZFYopT/BiwdFvPqLvPlvTNs9aOsLgYd3ZsjMG6VSWPT9b6+wtr6xuVXcLu3s7u0flA+PmlZnhvEG01KbdkQtl0LxBgqUvJ0aTpNI8lY0up3VW0/cWKHVI45THiZ0oEQsGEVnPeie6pUrftWfi6xCkEMFctV75a9uX7Ms4QqZpNZ2Aj/FcEINCib5tNTNLE8pG9EB7zhUNOE2nMxXnZIz5/RJrI17Csnc/T0xoYm14yRynQnFoV2uzcz/ap0M4+twIlSaIVds8VGcSYKazO4mfWE4Qzl2QJkRblfChtRQhi6dkgshWD55FZoX1cDx/WWldpPHUYQTOIVzCOAKanAHdWgAgwE8wyu8edJ78d69j0VrwctnjuGPvM8fWnCN1A==</latexit><latexit sha1_base64="nXDJPQPnQITohi0kvd3kAlRgDT8=">AAAB6nicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHivYD2qVk02wbmk2WZFYopT/BiwdFvPqLvPlvTNs9aOsLgYd3ZsjMG6VSWPT9b6+wtr6xuVXcLu3s7u0flA+PmlZnhvEG01KbdkQtl0LxBgqUvJ0aTpNI8lY0up3VW0/cWKHVI45THiZ0oEQsGEVnPeie6pUrftWfi6xCkEMFctV75a9uX7Ms4QqZpNZ2Aj/FcEINCib5tNTNLE8pG9EB7zhUNOE2nMxXnZIz5/RJrI17Csnc/T0xoYm14yRynQnFoV2uzcz/ap0M4+twIlSaIVds8VGcSYKazO4mfWE4Qzl2QJkRblfChtRQhi6dkgshWD55FZoX1cDx/WWldpPHUYQTOIVzCOAKanAHdWgAgwE8wyu8edJ78d69j0VrwctnjuGPvM8fWnCN1A==</latexit><latexit sha1_base64="nXDJPQPnQITohi0kvd3kAlRgDT8=">AAAB6nicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHivYD2qVk02wbmk2WZFYopT/BiwdFvPqLvPlvTNs9aOsLgYd3ZsjMG6VSWPT9b6+wtr6xuVXcLu3s7u0flA+PmlZnhvEG01KbdkQtl0LxBgqUvJ0aTpNI8lY0up3VW0/cWKHVI45THiZ0oEQsGEVnPeie6pUrftWfi6xCkEMFctV75a9uX7Ms4QqZpNZ2Aj/FcEINCib5tNTNLE8pG9EB7zhUNOE2nMxXnZIz5/RJrI17Csnc/T0xoYm14yRynQnFoV2uzcz/ap0M4+twIlSaIVds8VGcSYKazO4mfWE4Qzl2QJkRblfChtRQhi6dkgshWD55FZoX1cDx/WWldpPHUYQTOIVzCOAKanAHdWgAgwE8wyu8edJ78d69j0VrwctnjuGPvM8fWnCN1A==</latexit><latexit sha1_base64="nXDJPQPnQITohi0kvd3kAlRgDT8=">AAAB6nicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHivYD2qVk02wbmk2WZFYopT/BiwdFvPqLvPlvTNs9aOsLgYd3ZsjMG6VSWPT9b6+wtr6xuVXcLu3s7u0flA+PmlZnhvEG01KbdkQtl0LxBgqUvJ0aTpNI8lY0up3VW0/cWKHVI45THiZ0oEQsGEVnPeie6pUrftWfi6xCkEMFctV75a9uX7Ms4QqZpNZ2Aj/FcEINCib5tNTNLE8pG9EB7zhUNOE2nMxXnZIz5/RJrI17Csnc/T0xoYm14yRynQnFoV2uzcz/ap0M4+twIlSaIVds8VGcSYKazO4mfWE4Qzl2QJkRblfChtRQhi6dkgshWD55FZoX1cDx/WWldpPHUYQTOIVzCOAKanAHdWgAgwE8wyu8edJ78d69j0VrwctnjuGPvM8fWnCN1A==</latexit>

p1
<latexit sha1_base64="YgAuzWg+wuyQict0QiuK5Kx+fug=">AAAB6nicbZBNS8NAEIYn9avWr6hHL4tF8FQSEfRY9OKxov2ANpTNdtIu3WzC7kYooT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5gKro3nfTultfWNza3ydmVnd2//wD08aukkUwybLBGJ6oRUo+ASm4YbgZ1UIY1Dge1wfDurt59QaZ7IRzNJMYjpUPKIM2qs9ZD2/b5b9WreXGQV/AKqUKjRd796g4RlMUrDBNW663upCXKqDGcCp5VepjGlbEyH2LUoaYw6yOerTsmZdQYkSpR90pC5+3sip7HWkzi0nTE1I71cm5n/1bqZia6DnMs0MyjZ4qMoE8QkZHY3GXCFzIiJBcoUt7sSNqKKMmPTqdgQ/OWTV6F1UfMt319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOcF+fd+Vi0lpxi5hj+yPn8Af9zjZg=</latexit><latexit sha1_base64="YgAuzWg+wuyQict0QiuK5Kx+fug=">AAAB6nicbZBNS8NAEIYn9avWr6hHL4tF8FQSEfRY9OKxov2ANpTNdtIu3WzC7kYooT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5gKro3nfTultfWNza3ydmVnd2//wD08aukkUwybLBGJ6oRUo+ASm4YbgZ1UIY1Dge1wfDurt59QaZ7IRzNJMYjpUPKIM2qs9ZD2/b5b9WreXGQV/AKqUKjRd796g4RlMUrDBNW663upCXKqDGcCp5VepjGlbEyH2LUoaYw6yOerTsmZdQYkSpR90pC5+3sip7HWkzi0nTE1I71cm5n/1bqZia6DnMs0MyjZ4qMoE8QkZHY3GXCFzIiJBcoUt7sSNqKKMmPTqdgQ/OWTV6F1UfMt319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOcF+fd+Vi0lpxi5hj+yPn8Af9zjZg=</latexit><latexit sha1_base64="YgAuzWg+wuyQict0QiuK5Kx+fug=">AAAB6nicbZBNS8NAEIYn9avWr6hHL4tF8FQSEfRY9OKxov2ANpTNdtIu3WzC7kYooT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5gKro3nfTultfWNza3ydmVnd2//wD08aukkUwybLBGJ6oRUo+ASm4YbgZ1UIY1Dge1wfDurt59QaZ7IRzNJMYjpUPKIM2qs9ZD2/b5b9WreXGQV/AKqUKjRd796g4RlMUrDBNW663upCXKqDGcCp5VepjGlbEyH2LUoaYw6yOerTsmZdQYkSpR90pC5+3sip7HWkzi0nTE1I71cm5n/1bqZia6DnMs0MyjZ4qMoE8QkZHY3GXCFzIiJBcoUt7sSNqKKMmPTqdgQ/OWTV6F1UfMt319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOcF+fd+Vi0lpxi5hj+yPn8Af9zjZg=</latexit><latexit sha1_base64="YgAuzWg+wuyQict0QiuK5Kx+fug=">AAAB6nicbZBNS8NAEIYn9avWr6hHL4tF8FQSEfRY9OKxov2ANpTNdtIu3WzC7kYooT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5gKro3nfTultfWNza3ydmVnd2//wD08aukkUwybLBGJ6oRUo+ASm4YbgZ1UIY1Dge1wfDurt59QaZ7IRzNJMYjpUPKIM2qs9ZD2/b5b9WreXGQV/AKqUKjRd796g4RlMUrDBNW663upCXKqDGcCp5VepjGlbEyH2LUoaYw6yOerTsmZdQYkSpR90pC5+3sip7HWkzi0nTE1I71cm5n/1bqZia6DnMs0MyjZ4qMoE8QkZHY3GXCFzIiJBcoUt7sSNqKKMmPTqdgQ/OWTV6F1UfMt319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOcF+fd+Vi0lpxi5hj+yPn8Af9zjZg=</latexit>

pk
<latexit sha1_base64="im4lb+8b8uqzDvHndMFlZwYWuGU=">AAAB6nicbZBNS8NAEIYn9avWr6hHL4tF8FQSEfRY9OKxov2ANpTNdtMu3WzC7kQooT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5hKYdDzvp3S2vrG5lZ5u7Kzu7d/4B4etUySacabLJGJ7oTUcCkUb6JAyTup5jQOJW+H49tZvf3EtRGJesRJyoOYDpWIBKNorYe0P+67Va/mzUVWwS+gCoUafferN0hYFnOFTFJjur6XYpBTjYJJPq30MsNTysZ0yLsWFY25CfL5qlNyZp0BiRJtn0Iyd39P5DQ2ZhKHtjOmODLLtZn5X62bYXQd5EKlGXLFFh9FmSSYkNndZCA0ZygnFijTwu5K2IhqytCmU7Eh+Msnr0LrouZbvr+s1m+KOMpwAqdwDj5cQR3uoAFNYDCEZ3iFN0c6L86787FoLTnFzDH8kfP5A1dqjdI=</latexit><latexit sha1_base64="im4lb+8b8uqzDvHndMFlZwYWuGU=">AAAB6nicbZBNS8NAEIYn9avWr6hHL4tF8FQSEfRY9OKxov2ANpTNdtMu3WzC7kQooT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5hKYdDzvp3S2vrG5lZ5u7Kzu7d/4B4etUySacabLJGJ7oTUcCkUb6JAyTup5jQOJW+H49tZvf3EtRGJesRJyoOYDpWIBKNorYe0P+67Va/mzUVWwS+gCoUafferN0hYFnOFTFJjur6XYpBTjYJJPq30MsNTysZ0yLsWFY25CfL5qlNyZp0BiRJtn0Iyd39P5DQ2ZhKHtjOmODLLtZn5X62bYXQd5EKlGXLFFh9FmSSYkNndZCA0ZygnFijTwu5K2IhqytCmU7Eh+Msnr0LrouZbvr+s1m+KOMpwAqdwDj5cQR3uoAFNYDCEZ3iFN0c6L86787FoLTnFzDH8kfP5A1dqjdI=</latexit><latexit sha1_base64="im4lb+8b8uqzDvHndMFlZwYWuGU=">AAAB6nicbZBNS8NAEIYn9avWr6hHL4tF8FQSEfRY9OKxov2ANpTNdtMu3WzC7kQooT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5hKYdDzvp3S2vrG5lZ5u7Kzu7d/4B4etUySacabLJGJ7oTUcCkUb6JAyTup5jQOJW+H49tZvf3EtRGJesRJyoOYDpWIBKNorYe0P+67Va/mzUVWwS+gCoUafferN0hYFnOFTFJjur6XYpBTjYJJPq30MsNTysZ0yLsWFY25CfL5qlNyZp0BiRJtn0Iyd39P5DQ2ZhKHtjOmODLLtZn5X62bYXQd5EKlGXLFFh9FmSSYkNndZCA0ZygnFijTwu5K2IhqytCmU7Eh+Msnr0LrouZbvr+s1m+KOMpwAqdwDj5cQR3uoAFNYDCEZ3iFN0c6L86787FoLTnFzDH8kfP5A1dqjdI=</latexit><latexit sha1_base64="im4lb+8b8uqzDvHndMFlZwYWuGU=">AAAB6nicbZBNS8NAEIYn9avWr6hHL4tF8FQSEfRY9OKxov2ANpTNdtMu3WzC7kQooT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5hKYdDzvp3S2vrG5lZ5u7Kzu7d/4B4etUySacabLJGJ7oTUcCkUb6JAyTup5jQOJW+H49tZvf3EtRGJesRJyoOYDpWIBKNorYe0P+67Va/mzUVWwS+gCoUafferN0hYFnOFTFJjur6XYpBTjYJJPq30MsNTysZ0yLsWFY25CfL5qlNyZp0BiRJtn0Iyd39P5DQ2ZhKHtjOmODLLtZn5X62bYXQd5EKlGXLFFh9FmSSYkNndZCA0ZygnFijTwu5K2IhqytCmU7Eh+Msnr0LrouZbvr+s1m+KOMpwAqdwDj5cQR3uoAFNYDCEZ3iFN0c6L86787FoLTnFzDH8kfP5A1dqjdI=</latexit>

st
<latexit sha1_base64="YIN2fe3C3Rk2qiX6U7kLtT/L5uM=">AAAB6nicbZBNS8NAEIYn9avWr6hHL4tF8FQSEfRY9OKxov2ANpTNdtMu3WzC7kQooT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5hKYdDzvp3S2vrG5lZ5u7Kzu7d/4B4etUySacabLJGJ7oTUcCkUb6JAyTup5jQOJW+H49tZvf3EtRGJesRJyoOYDpWIBKNorQfTx75b9WreXGQV/AKqUKjRd796g4RlMVfIJDWm63spBjnVKJjk00ovMzylbEyHvGtR0ZibIJ+vOiVn1hmQKNH2KSRz9/dETmNjJnFoO2OKI7Ncm5n/1boZRtdBLlSaIVds8VGUSYIJmd1NBkJzhnJigTIt7K6EjaimDG06FRuCv3zyKrQuar7l+8tq/aaIowwncArn4MMV1OEOGtAEBkN4hld4c6Tz4rw7H4vWklPMHMMfOZ8/aaCN3g==</latexit><latexit sha1_base64="YIN2fe3C3Rk2qiX6U7kLtT/L5uM=">AAAB6nicbZBNS8NAEIYn9avWr6hHL4tF8FQSEfRY9OKxov2ANpTNdtMu3WzC7kQooT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5hKYdDzvp3S2vrG5lZ5u7Kzu7d/4B4etUySacabLJGJ7oTUcCkUb6JAyTup5jQOJW+H49tZvf3EtRGJesRJyoOYDpWIBKNorQfTx75b9WreXGQV/AKqUKjRd796g4RlMVfIJDWm63spBjnVKJjk00ovMzylbEyHvGtR0ZibIJ+vOiVn1hmQKNH2KSRz9/dETmNjJnFoO2OKI7Ncm5n/1boZRtdBLlSaIVds8VGUSYIJmd1NBkJzhnJigTIt7K6EjaimDG06FRuCv3zyKrQuar7l+8tq/aaIowwncArn4MMV1OEOGtAEBkN4hld4c6Tz4rw7H4vWklPMHMMfOZ8/aaCN3g==</latexit><latexit sha1_base64="YIN2fe3C3Rk2qiX6U7kLtT/L5uM=">AAAB6nicbZBNS8NAEIYn9avWr6hHL4tF8FQSEfRY9OKxov2ANpTNdtMu3WzC7kQooT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5hKYdDzvp3S2vrG5lZ5u7Kzu7d/4B4etUySacabLJGJ7oTUcCkUb6JAyTup5jQOJW+H49tZvf3EtRGJesRJyoOYDpWIBKNorQfTx75b9WreXGQV/AKqUKjRd796g4RlMVfIJDWm63spBjnVKJjk00ovMzylbEyHvGtR0ZibIJ+vOiVn1hmQKNH2KSRz9/dETmNjJnFoO2OKI7Ncm5n/1boZRtdBLlSaIVds8VGUSYIJmd1NBkJzhnJigTIt7K6EjaimDG06FRuCv3zyKrQuar7l+8tq/aaIowwncArn4MMV1OEOGtAEBkN4hld4c6Tz4rw7H4vWklPMHMMfOZ8/aaCN3g==</latexit><latexit sha1_base64="YIN2fe3C3Rk2qiX6U7kLtT/L5uM=">AAAB6nicbZBNS8NAEIYn9avWr6hHL4tF8FQSEfRY9OKxov2ANpTNdtMu3WzC7kQooT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5hKYdDzvp3S2vrG5lZ5u7Kzu7d/4B4etUySacabLJGJ7oTUcCkUb6JAyTup5jQOJW+H49tZvf3EtRGJesRJyoOYDpWIBKNorQfTx75b9WreXGQV/AKqUKjRd796g4RlMVfIJDWm63spBjnVKJjk00ovMzylbEyHvGtR0ZibIJ+vOiVn1hmQKNH2KSRz9/dETmNjJnFoO2OKI7Ncm5n/1boZRtdBLlSaIVds8VGUSYIJmd1NBkJzhnJigTIt7K6EjaimDG06FRuCv3zyKrQuar7l+8tq/aaIowwncArn4MMV1OEOGtAEBkN4hld4c6Tz4rw7H4vWklPMHMMfOZ8/aaCN3g==</latexit>

st+1
<latexit sha1_base64="3GXIeeaS0w/F6pOQO6igMJ1tOE0=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tFEISSiKDHohePFewHtKFstpt26WYTdidCCf0RXjwo4tXf481/46bNQVtfWHh4Z4adeYNECoOu++2U1tY3NrfK25Wd3b39g+rhUdvEqWa8xWIZ625ADZdC8RYKlLybaE6jQPJOMLnL650nro2I1SNOE+5HdKREKBhFa3XMIMMLbzao1ty6OxdZBa+AGhRqDqpf/WHM0ogrZJIa0/PcBP2MahRM8lmlnxqeUDahI96zqGjEjZ/N152RM+sMSRhr+xSSuft7IqORMdMosJ0RxbFZruXmf7VeiuGNnwmVpMgVW3wUppJgTPLbyVBozlBOLVCmhd2VsDHVlKFNqGJD8JZPXoX2Zd2z/HBVa9wWcZThBE7hHDy4hgbcQxNawGACz/AKb07ivDjvzseiteQUM8fwR87nDwfgj1o=</latexit><latexit sha1_base64="3GXIeeaS0w/F6pOQO6igMJ1tOE0=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tFEISSiKDHohePFewHtKFstpt26WYTdidCCf0RXjwo4tXf481/46bNQVtfWHh4Z4adeYNECoOu++2U1tY3NrfK25Wd3b39g+rhUdvEqWa8xWIZ625ADZdC8RYKlLybaE6jQPJOMLnL650nro2I1SNOE+5HdKREKBhFa3XMIMMLbzao1ty6OxdZBa+AGhRqDqpf/WHM0ogrZJIa0/PcBP2MahRM8lmlnxqeUDahI96zqGjEjZ/N152RM+sMSRhr+xSSuft7IqORMdMosJ0RxbFZruXmf7VeiuGNnwmVpMgVW3wUppJgTPLbyVBozlBOLVCmhd2VsDHVlKFNqGJD8JZPXoX2Zd2z/HBVa9wWcZThBE7hHDy4hgbcQxNawGACz/AKb07ivDjvzseiteQUM8fwR87nDwfgj1o=</latexit><latexit sha1_base64="3GXIeeaS0w/F6pOQO6igMJ1tOE0=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tFEISSiKDHohePFewHtKFstpt26WYTdidCCf0RXjwo4tXf481/46bNQVtfWHh4Z4adeYNECoOu++2U1tY3NrfK25Wd3b39g+rhUdvEqWa8xWIZ625ADZdC8RYKlLybaE6jQPJOMLnL650nro2I1SNOE+5HdKREKBhFa3XMIMMLbzao1ty6OxdZBa+AGhRqDqpf/WHM0ogrZJIa0/PcBP2MahRM8lmlnxqeUDahI96zqGjEjZ/N152RM+sMSRhr+xSSuft7IqORMdMosJ0RxbFZruXmf7VeiuGNnwmVpMgVW3wUppJgTPLbyVBozlBOLVCmhd2VsDHVlKFNqGJD8JZPXoX2Zd2z/HBVa9wWcZThBE7hHDy4hgbcQxNawGACz/AKb07ivDjvzseiteQUM8fwR87nDwfgj1o=</latexit><latexit sha1_base64="3GXIeeaS0w/F6pOQO6igMJ1tOE0=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tFEISSiKDHohePFewHtKFstpt26WYTdidCCf0RXjwo4tXf481/46bNQVtfWHh4Z4adeYNECoOu++2U1tY3NrfK25Wd3b39g+rhUdvEqWa8xWIZ625ADZdC8RYKlLybaE6jQPJOMLnL650nro2I1SNOE+5HdKREKBhFa3XMIMMLbzao1ty6OxdZBa+AGhRqDqpf/WHM0ogrZJIa0/PcBP2MahRM8lmlnxqeUDahI96zqGjEjZ/N152RM+sMSRhr+xSSuft7IqORMdMosJ0RxbFZruXmf7VeiuGNnwmVpMgVW3wUppJgTPLbyVBozlBOLVCmhd2VsDHVlKFNqGJD8JZPXoX2Zd2z/HBVa9wWcZThBE7hHDy4hgbcQxNawGACz/AKb07ivDjvzseiteQUM8fwR87nDwfgj1o=</latexit>

Op(A,B) :p2(A) = v, p4(B) = w, r3(A,B) = c !
p2(A) = d

<latexit sha1_base64="fhGke8+TpS1W4pRYNSO29inAYjY="></latexit><latexit sha1_base64="fhGke8+TpS1W4pRYNSO29inAYjY="></latexit><latexit sha1_base64="fhGke8+TpS1W4pRYNSO29inAYjY="></latexit><latexit sha1_base64="fhGke8+TpS1W4pRYNSO29inAYjY="></latexit>

objects

propertiesXia, Wang, K; arXiv,  2018



Deictic references name related objects
Rules automatically condition on and predict objects named in action: Push(Obj)
Refer to additional objects via deictic references:
• examples: above, below, near, nearest
• return an object or a set
• can be applied to  an object that has already 

been "recruited"
Push(O1)
• O2 = Above(O1)      
• O3 = Above(O2)
• O4 = Below(O1)
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Deictic references name related objects
Rules automatically condition on and predict objects named in action: Push(Obj)
Refer to additional objects via deictic references:
• examples: above, below, near, nearest
• return an object or a set
• can be applied to  an object that has already 

been "recruited"
Push(O1)
• O2 = Above(O1)      
• O3 = Above(O2)
• O4 = Below(O1)

A

B
C

D

Gripper Table

O1 = A
O2 = B
O3 = C
O4 = Table

A

T
D

C

B

Y

X



Deictic rule

• motor primitive:  Push(Obj, params)
• deictic references: select other objects: Obj2 = Above(Obj), ...
• neural network: predicts distribution on new property values for objects 

based on old property values
• fixed length input and output
• mechanism for handling sets

o1
<latexit sha1_base64="pV1aVIJDSXuTtagXTFKIdZdgy4E=">AAAB6nicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHivYD2qVk09k2NJssSVYopT/BiwdFvPqLvPlvTNs9aOsLgYd3ZsjMG6WCG+v7315hbX1jc6u4XdrZ3ds/KB8eNY3KNMMGU0LpdkQNCi6xYbkV2E410iQS2IpGt7N66wm14Uo+2nGKYUIHksecUeusB9ULeuWKX/XnIqsQ5FCBXPVe+avbVyxLUFomqDGdwE9tOKHaciZwWupmBlPKRnSAHYeSJmjCyXzVKTlzTp/ESrsnLZm7vycmNDFmnESuM6F2aJZrM/O/Wiez8XU44TLNLEq2+CjOBLGKzO4mfa6RWTF2QJnmblfChlRTZl06JRdCsHzyKjQvqoHj+8tK7SaPowgncArnEMAV1OAO6tAABgN4hld484T34r17H4vWgpfPHMMfeZ8//e2Nlw==</latexit><latexit sha1_base64="pV1aVIJDSXuTtagXTFKIdZdgy4E=">AAAB6nicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHivYD2qVk09k2NJssSVYopT/BiwdFvPqLvPlvTNs9aOsLgYd3ZsjMG6WCG+v7315hbX1jc6u4XdrZ3ds/KB8eNY3KNMMGU0LpdkQNCi6xYbkV2E410iQS2IpGt7N66wm14Uo+2nGKYUIHksecUeusB9ULeuWKX/XnIqsQ5FCBXPVe+avbVyxLUFomqDGdwE9tOKHaciZwWupmBlPKRnSAHYeSJmjCyXzVKTlzTp/ESrsnLZm7vycmNDFmnESuM6F2aJZrM/O/Wiez8XU44TLNLEq2+CjOBLGKzO4mfa6RWTF2QJnmblfChlRTZl06JRdCsHzyKjQvqoHj+8tK7SaPowgncArnEMAV1OAO6tAABgN4hld484T34r17H4vWgpfPHMMfeZ8//e2Nlw==</latexit><latexit sha1_base64="pV1aVIJDSXuTtagXTFKIdZdgy4E=">AAAB6nicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHivYD2qVk09k2NJssSVYopT/BiwdFvPqLvPlvTNs9aOsLgYd3ZsjMG6WCG+v7315hbX1jc6u4XdrZ3ds/KB8eNY3KNMMGU0LpdkQNCi6xYbkV2E410iQS2IpGt7N66wm14Uo+2nGKYUIHksecUeusB9ULeuWKX/XnIqsQ5FCBXPVe+avbVyxLUFomqDGdwE9tOKHaciZwWupmBlPKRnSAHYeSJmjCyXzVKTlzTp/ESrsnLZm7vycmNDFmnESuM6F2aJZrM/O/Wiez8XU44TLNLEq2+CjOBLGKzO4mfa6RWTF2QJnmblfChlRTZl06JRdCsHzyKjQvqoHj+8tK7SaPowgncArnEMAV1OAO6tAABgN4hld484T34r17H4vWgpfPHMMfeZ8//e2Nlw==</latexit><latexit sha1_base64="pV1aVIJDSXuTtagXTFKIdZdgy4E=">AAAB6nicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHivYD2qVk09k2NJssSVYopT/BiwdFvPqLvPlvTNs9aOsLgYd3ZsjMG6WCG+v7315hbX1jc6u4XdrZ3ds/KB8eNY3KNMMGU0LpdkQNCi6xYbkV2E410iQS2IpGt7N66wm14Uo+2nGKYUIHksecUeusB9ULeuWKX/XnIqsQ5FCBXPVe+avbVyxLUFomqDGdwE9tOKHaciZwWupmBlPKRnSAHYeSJmjCyXzVKTlzTp/ESrsnLZm7vycmNDFmnESuM6F2aJZrM/O/Wiez8XU44TLNLEq2+CjOBLGKzO4mfa6RWTF2QJnmblfChlRTZl06JRdCsHzyKjQvqoHj+8tK7SaPowgncArnEMAV1OAO6tAABgN4hld484T34r17H4vWgpfPHMMfeZ8//e2Nlw==</latexit>

on
<latexit sha1_base64="nXDJPQPnQITohi0kvd3kAlRgDT8=">AAAB6nicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHivYD2qVk02wbmk2WZFYopT/BiwdFvPqLvPlvTNs9aOsLgYd3ZsjMG6VSWPT9b6+wtr6xuVXcLu3s7u0flA+PmlZnhvEG01KbdkQtl0LxBgqUvJ0aTpNI8lY0up3VW0/cWKHVI45THiZ0oEQsGEVnPeie6pUrftWfi6xCkEMFctV75a9uX7Ms4QqZpNZ2Aj/FcEINCib5tNTNLE8pG9EB7zhUNOE2nMxXnZIz5/RJrI17Csnc/T0xoYm14yRynQnFoV2uzcz/ap0M4+twIlSaIVds8VGcSYKazO4mfWE4Qzl2QJkRblfChtRQhi6dkgshWD55FZoX1cDx/WWldpPHUYQTOIVzCOAKanAHdWgAgwE8wyu8edJ78d69j0VrwctnjuGPvM8fWnCN1A==</latexit><latexit sha1_base64="nXDJPQPnQITohi0kvd3kAlRgDT8=">AAAB6nicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHivYD2qVk02wbmk2WZFYopT/BiwdFvPqLvPlvTNs9aOsLgYd3ZsjMG6VSWPT9b6+wtr6xuVXcLu3s7u0flA+PmlZnhvEG01KbdkQtl0LxBgqUvJ0aTpNI8lY0up3VW0/cWKHVI45THiZ0oEQsGEVnPeie6pUrftWfi6xCkEMFctV75a9uX7Ms4QqZpNZ2Aj/FcEINCib5tNTNLE8pG9EB7zhUNOE2nMxXnZIz5/RJrI17Csnc/T0xoYm14yRynQnFoV2uzcz/ap0M4+twIlSaIVds8VGcSYKazO4mfWE4Qzl2QJkRblfChtRQhi6dkgshWD55FZoX1cDx/WWldpPHUYQTOIVzCOAKanAHdWgAgwE8wyu8edJ78d69j0VrwctnjuGPvM8fWnCN1A==</latexit><latexit sha1_base64="nXDJPQPnQITohi0kvd3kAlRgDT8=">AAAB6nicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHivYD2qVk02wbmk2WZFYopT/BiwdFvPqLvPlvTNs9aOsLgYd3ZsjMG6VSWPT9b6+wtr6xuVXcLu3s7u0flA+PmlZnhvEG01KbdkQtl0LxBgqUvJ0aTpNI8lY0up3VW0/cWKHVI45THiZ0oEQsGEVnPeie6pUrftWfi6xCkEMFctV75a9uX7Ms4QqZpNZ2Aj/FcEINCib5tNTNLE8pG9EB7zhUNOE2nMxXnZIz5/RJrI17Csnc/T0xoYm14yRynQnFoV2uzcz/ap0M4+twIlSaIVds8VGcSYKazO4mfWE4Qzl2QJkRblfChtRQhi6dkgshWD55FZoX1cDx/WWldpPHUYQTOIVzCOAKanAHdWgAgwE8wyu8edJ78d69j0VrwctnjuGPvM8fWnCN1A==</latexit><latexit sha1_base64="nXDJPQPnQITohi0kvd3kAlRgDT8=">AAAB6nicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHivYD2qVk02wbmk2WZFYopT/BiwdFvPqLvPlvTNs9aOsLgYd3ZsjMG6VSWPT9b6+wtr6xuVXcLu3s7u0flA+PmlZnhvEG01KbdkQtl0LxBgqUvJ0aTpNI8lY0up3VW0/cWKHVI45THiZ0oEQsGEVnPeie6pUrftWfi6xCkEMFctV75a9uX7Ms4QqZpNZ2Aj/FcEINCib5tNTNLE8pG9EB7zhUNOE2nMxXnZIz5/RJrI17Csnc/T0xoYm14yRynQnFoV2uzcz/ap0M4+twIlSaIVds8VGcSYKazO4mfWE4Qzl2QJkRblfChtRQhi6dkgshWD55FZoX1cDx/WWldpPHUYQTOIVzCOAKanAHdWgAgwE8wyu8edJ78d69j0VrwctnjuGPvM8fWnCN1A==</latexit>

p1
<latexit sha1_base64="YgAuzWg+wuyQict0QiuK5Kx+fug=">AAAB6nicbZBNS8NAEIYn9avWr6hHL4tF8FQSEfRY9OKxov2ANpTNdtIu3WzC7kYooT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5gKro3nfTultfWNza3ydmVnd2//wD08aukkUwybLBGJ6oRUo+ASm4YbgZ1UIY1Dge1wfDurt59QaZ7IRzNJMYjpUPKIM2qs9ZD2/b5b9WreXGQV/AKqUKjRd796g4RlMUrDBNW663upCXKqDGcCp5VepjGlbEyH2LUoaYw6yOerTsmZdQYkSpR90pC5+3sip7HWkzi0nTE1I71cm5n/1bqZia6DnMs0MyjZ4qMoE8QkZHY3GXCFzIiJBcoUt7sSNqKKMmPTqdgQ/OWTV6F1UfMt319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOcF+fd+Vi0lpxi5hj+yPn8Af9zjZg=</latexit><latexit sha1_base64="YgAuzWg+wuyQict0QiuK5Kx+fug=">AAAB6nicbZBNS8NAEIYn9avWr6hHL4tF8FQSEfRY9OKxov2ANpTNdtIu3WzC7kYooT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5gKro3nfTultfWNza3ydmVnd2//wD08aukkUwybLBGJ6oRUo+ASm4YbgZ1UIY1Dge1wfDurt59QaZ7IRzNJMYjpUPKIM2qs9ZD2/b5b9WreXGQV/AKqUKjRd796g4RlMUrDBNW663upCXKqDGcCp5VepjGlbEyH2LUoaYw6yOerTsmZdQYkSpR90pC5+3sip7HWkzi0nTE1I71cm5n/1bqZia6DnMs0MyjZ4qMoE8QkZHY3GXCFzIiJBcoUt7sSNqKKMmPTqdgQ/OWTV6F1UfMt319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOcF+fd+Vi0lpxi5hj+yPn8Af9zjZg=</latexit><latexit sha1_base64="YgAuzWg+wuyQict0QiuK5Kx+fug=">AAAB6nicbZBNS8NAEIYn9avWr6hHL4tF8FQSEfRY9OKxov2ANpTNdtIu3WzC7kYooT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5gKro3nfTultfWNza3ydmVnd2//wD08aukkUwybLBGJ6oRUo+ASm4YbgZ1UIY1Dge1wfDurt59QaZ7IRzNJMYjpUPKIM2qs9ZD2/b5b9WreXGQV/AKqUKjRd796g4RlMUrDBNW663upCXKqDGcCp5VepjGlbEyH2LUoaYw6yOerTsmZdQYkSpR90pC5+3sip7HWkzi0nTE1I71cm5n/1bqZia6DnMs0MyjZ4qMoE8QkZHY3GXCFzIiJBcoUt7sSNqKKMmPTqdgQ/OWTV6F1UfMt319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOcF+fd+Vi0lpxi5hj+yPn8Af9zjZg=</latexit><latexit sha1_base64="YgAuzWg+wuyQict0QiuK5Kx+fug=">AAAB6nicbZBNS8NAEIYn9avWr6hHL4tF8FQSEfRY9OKxov2ANpTNdtIu3WzC7kYooT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5gKro3nfTultfWNza3ydmVnd2//wD08aukkUwybLBGJ6oRUo+ASm4YbgZ1UIY1Dge1wfDurt59QaZ7IRzNJMYjpUPKIM2qs9ZD2/b5b9WreXGQV/AKqUKjRd796g4RlMUrDBNW663upCXKqDGcCp5VepjGlbEyH2LUoaYw6yOerTsmZdQYkSpR90pC5+3sip7HWkzi0nTE1I71cm5n/1bqZia6DnMs0MyjZ4qMoE8QkZHY3GXCFzIiJBcoUt7sSNqKKMmPTqdgQ/OWTV6F1UfMt319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOcF+fd+Vi0lpxi5hj+yPn8Af9zjZg=</latexit>

pk
<latexit sha1_base64="im4lb+8b8uqzDvHndMFlZwYWuGU=">AAAB6nicbZBNS8NAEIYn9avWr6hHL4tF8FQSEfRY9OKxov2ANpTNdtMu3WzC7kQooT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5hKYdDzvp3S2vrG5lZ5u7Kzu7d/4B4etUySacabLJGJ7oTUcCkUb6JAyTup5jQOJW+H49tZvf3EtRGJesRJyoOYDpWIBKNorYe0P+67Va/mzUVWwS+gCoUafferN0hYFnOFTFJjur6XYpBTjYJJPq30MsNTysZ0yLsWFY25CfL5qlNyZp0BiRJtn0Iyd39P5DQ2ZhKHtjOmODLLtZn5X62bYXQd5EKlGXLFFh9FmSSYkNndZCA0ZygnFijTwu5K2IhqytCmU7Eh+Msnr0LrouZbvr+s1m+KOMpwAqdwDj5cQR3uoAFNYDCEZ3iFN0c6L86787FoLTnFzDH8kfP5A1dqjdI=</latexit><latexit sha1_base64="im4lb+8b8uqzDvHndMFlZwYWuGU=">AAAB6nicbZBNS8NAEIYn9avWr6hHL4tF8FQSEfRY9OKxov2ANpTNdtMu3WzC7kQooT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5hKYdDzvp3S2vrG5lZ5u7Kzu7d/4B4etUySacabLJGJ7oTUcCkUb6JAyTup5jQOJW+H49tZvf3EtRGJesRJyoOYDpWIBKNorYe0P+67Va/mzUVWwS+gCoUafferN0hYFnOFTFJjur6XYpBTjYJJPq30MsNTysZ0yLsWFY25CfL5qlNyZp0BiRJtn0Iyd39P5DQ2ZhKHtjOmODLLtZn5X62bYXQd5EKlGXLFFh9FmSSYkNndZCA0ZygnFijTwu5K2IhqytCmU7Eh+Msnr0LrouZbvr+s1m+KOMpwAqdwDj5cQR3uoAFNYDCEZ3iFN0c6L86787FoLTnFzDH8kfP5A1dqjdI=</latexit><latexit sha1_base64="im4lb+8b8uqzDvHndMFlZwYWuGU=">AAAB6nicbZBNS8NAEIYn9avWr6hHL4tF8FQSEfRY9OKxov2ANpTNdtMu3WzC7kQooT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5hKYdDzvp3S2vrG5lZ5u7Kzu7d/4B4etUySacabLJGJ7oTUcCkUb6JAyTup5jQOJW+H49tZvf3EtRGJesRJyoOYDpWIBKNorYe0P+67Va/mzUVWwS+gCoUafferN0hYFnOFTFJjur6XYpBTjYJJPq30MsNTysZ0yLsWFY25CfL5qlNyZp0BiRJtn0Iyd39P5DQ2ZhKHtjOmODLLtZn5X62bYXQd5EKlGXLFFh9FmSSYkNndZCA0ZygnFijTwu5K2IhqytCmU7Eh+Msnr0LrouZbvr+s1m+KOMpwAqdwDj5cQR3uoAFNYDCEZ3iFN0c6L86787FoLTnFzDH8kfP5A1dqjdI=</latexit><latexit sha1_base64="im4lb+8b8uqzDvHndMFlZwYWuGU=">AAAB6nicbZBNS8NAEIYn9avWr6hHL4tF8FQSEfRY9OKxov2ANpTNdtMu3WzC7kQooT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5hKYdDzvp3S2vrG5lZ5u7Kzu7d/4B4etUySacabLJGJ7oTUcCkUb6JAyTup5jQOJW+H49tZvf3EtRGJesRJyoOYDpWIBKNorYe0P+67Va/mzUVWwS+gCoUafferN0hYFnOFTFJjur6XYpBTjYJJPq30MsNTysZ0yLsWFY25CfL5qlNyZp0BiRJtn0Iyd39P5DQ2ZhKHtjOmODLLtZn5X62bYXQd5EKlGXLFFh9FmSSYkNndZCA0ZygnFijTwu5K2IhqytCmU7Eh+Msnr0LrouZbvr+s1m+KOMpwAqdwDj5cQR3uoAFNYDCEZ3iFN0c6L86787FoLTnFzDH8kfP5A1dqjdI=</latexit>

o1
<latexit sha1_base64="pV1aVIJDSXuTtagXTFKIdZdgy4E=">AAAB6nicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHivYD2qVk09k2NJssSVYopT/BiwdFvPqLvPlvTNs9aOsLgYd3ZsjMG6WCG+v7315hbX1jc6u4XdrZ3ds/KB8eNY3KNMMGU0LpdkQNCi6xYbkV2E410iQS2IpGt7N66wm14Uo+2nGKYUIHksecUeusB9ULeuWKX/XnIqsQ5FCBXPVe+avbVyxLUFomqDGdwE9tOKHaciZwWupmBlPKRnSAHYeSJmjCyXzVKTlzTp/ESrsnLZm7vycmNDFmnESuM6F2aJZrM/O/Wiez8XU44TLNLEq2+CjOBLGKzO4mfa6RWTF2QJnmblfChlRTZl06JRdCsHzyKjQvqoHj+8tK7SaPowgncArnEMAV1OAO6tAABgN4hld484T34r17H4vWgpfPHMMfeZ8//e2Nlw==</latexit><latexit sha1_base64="pV1aVIJDSXuTtagXTFKIdZdgy4E=">AAAB6nicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHivYD2qVk09k2NJssSVYopT/BiwdFvPqLvPlvTNs9aOsLgYd3ZsjMG6WCG+v7315hbX1jc6u4XdrZ3ds/KB8eNY3KNMMGU0LpdkQNCi6xYbkV2E410iQS2IpGt7N66wm14Uo+2nGKYUIHksecUeusB9ULeuWKX/XnIqsQ5FCBXPVe+avbVyxLUFomqDGdwE9tOKHaciZwWupmBlPKRnSAHYeSJmjCyXzVKTlzTp/ESrsnLZm7vycmNDFmnESuM6F2aJZrM/O/Wiez8XU44TLNLEq2+CjOBLGKzO4mfa6RWTF2QJnmblfChlRTZl06JRdCsHzyKjQvqoHj+8tK7SaPowgncArnEMAV1OAO6tAABgN4hld484T34r17H4vWgpfPHMMfeZ8//e2Nlw==</latexit><latexit sha1_base64="pV1aVIJDSXuTtagXTFKIdZdgy4E=">AAAB6nicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHivYD2qVk09k2NJssSVYopT/BiwdFvPqLvPlvTNs9aOsLgYd3ZsjMG6WCG+v7315hbX1jc6u4XdrZ3ds/KB8eNY3KNMMGU0LpdkQNCi6xYbkV2E410iQS2IpGt7N66wm14Uo+2nGKYUIHksecUeusB9ULeuWKX/XnIqsQ5FCBXPVe+avbVyxLUFomqDGdwE9tOKHaciZwWupmBlPKRnSAHYeSJmjCyXzVKTlzTp/ESrsnLZm7vycmNDFmnESuM6F2aJZrM/O/Wiez8XU44TLNLEq2+CjOBLGKzO4mfa6RWTF2QJnmblfChlRTZl06JRdCsHzyKjQvqoHj+8tK7SaPowgncArnEMAV1OAO6tAABgN4hld484T34r17H4vWgpfPHMMfeZ8//e2Nlw==</latexit><latexit sha1_base64="pV1aVIJDSXuTtagXTFKIdZdgy4E=">AAAB6nicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHivYD2qVk09k2NJssSVYopT/BiwdFvPqLvPlvTNs9aOsLgYd3ZsjMG6WCG+v7315hbX1jc6u4XdrZ3ds/KB8eNY3KNMMGU0LpdkQNCi6xYbkV2E410iQS2IpGt7N66wm14Uo+2nGKYUIHksecUeusB9ULeuWKX/XnIqsQ5FCBXPVe+avbVyxLUFomqDGdwE9tOKHaciZwWupmBlPKRnSAHYeSJmjCyXzVKTlzTp/ESrsnLZm7vycmNDFmnESuM6F2aJZrM/O/Wiez8XU44TLNLEq2+CjOBLGKzO4mfa6RWTF2QJnmblfChlRTZl06JRdCsHzyKjQvqoHj+8tK7SaPowgncArnEMAV1OAO6tAABgN4hld484T34r17H4vWgpfPHMMfeZ8//e2Nlw==</latexit>

on
<latexit sha1_base64="nXDJPQPnQITohi0kvd3kAlRgDT8=">AAAB6nicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHivYD2qVk02wbmk2WZFYopT/BiwdFvPqLvPlvTNs9aOsLgYd3ZsjMG6VSWPT9b6+wtr6xuVXcLu3s7u0flA+PmlZnhvEG01KbdkQtl0LxBgqUvJ0aTpNI8lY0up3VW0/cWKHVI45THiZ0oEQsGEVnPeie6pUrftWfi6xCkEMFctV75a9uX7Ms4QqZpNZ2Aj/FcEINCib5tNTNLE8pG9EB7zhUNOE2nMxXnZIz5/RJrI17Csnc/T0xoYm14yRynQnFoV2uzcz/ap0M4+twIlSaIVds8VGcSYKazO4mfWE4Qzl2QJkRblfChtRQhi6dkgshWD55FZoX1cDx/WWldpPHUYQTOIVzCOAKanAHdWgAgwE8wyu8edJ78d69j0VrwctnjuGPvM8fWnCN1A==</latexit><latexit sha1_base64="nXDJPQPnQITohi0kvd3kAlRgDT8=">AAAB6nicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHivYD2qVk02wbmk2WZFYopT/BiwdFvPqLvPlvTNs9aOsLgYd3ZsjMG6VSWPT9b6+wtr6xuVXcLu3s7u0flA+PmlZnhvEG01KbdkQtl0LxBgqUvJ0aTpNI8lY0up3VW0/cWKHVI45THiZ0oEQsGEVnPeie6pUrftWfi6xCkEMFctV75a9uX7Ms4QqZpNZ2Aj/FcEINCib5tNTNLE8pG9EB7zhUNOE2nMxXnZIz5/RJrI17Csnc/T0xoYm14yRynQnFoV2uzcz/ap0M4+twIlSaIVds8VGcSYKazO4mfWE4Qzl2QJkRblfChtRQhi6dkgshWD55FZoX1cDx/WWldpPHUYQTOIVzCOAKanAHdWgAgwE8wyu8edJ78d69j0VrwctnjuGPvM8fWnCN1A==</latexit><latexit sha1_base64="nXDJPQPnQITohi0kvd3kAlRgDT8=">AAAB6nicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHivYD2qVk02wbmk2WZFYopT/BiwdFvPqLvPlvTNs9aOsLgYd3ZsjMG6VSWPT9b6+wtr6xuVXcLu3s7u0flA+PmlZnhvEG01KbdkQtl0LxBgqUvJ0aTpNI8lY0up3VW0/cWKHVI45THiZ0oEQsGEVnPeie6pUrftWfi6xCkEMFctV75a9uX7Ms4QqZpNZ2Aj/FcEINCib5tNTNLE8pG9EB7zhUNOE2nMxXnZIz5/RJrI17Csnc/T0xoYm14yRynQnFoV2uzcz/ap0M4+twIlSaIVds8VGcSYKazO4mfWE4Qzl2QJkRblfChtRQhi6dkgshWD55FZoX1cDx/WWldpPHUYQTOIVzCOAKanAHdWgAgwE8wyu8edJ78d69j0VrwctnjuGPvM8fWnCN1A==</latexit><latexit sha1_base64="nXDJPQPnQITohi0kvd3kAlRgDT8=">AAAB6nicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHivYD2qVk02wbmk2WZFYopT/BiwdFvPqLvPlvTNs9aOsLgYd3ZsjMG6VSWPT9b6+wtr6xuVXcLu3s7u0flA+PmlZnhvEG01KbdkQtl0LxBgqUvJ0aTpNI8lY0up3VW0/cWKHVI45THiZ0oEQsGEVnPeie6pUrftWfi6xCkEMFctV75a9uX7Ms4QqZpNZ2Aj/FcEINCib5tNTNLE8pG9EB7zhUNOE2nMxXnZIz5/RJrI17Csnc/T0xoYm14yRynQnFoV2uzcz/ap0M4+twIlSaIVds8VGcSYKazO4mfWE4Qzl2QJkRblfChtRQhi6dkgshWD55FZoX1cDx/WWldpPHUYQTOIVzCOAKanAHdWgAgwE8wyu8edJ78d69j0VrwctnjuGPvM8fWnCN1A==</latexit>

p1
<latexit sha1_base64="YgAuzWg+wuyQict0QiuK5Kx+fug=">AAAB6nicbZBNS8NAEIYn9avWr6hHL4tF8FQSEfRY9OKxov2ANpTNdtIu3WzC7kYooT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5gKro3nfTultfWNza3ydmVnd2//wD08aukkUwybLBGJ6oRUo+ASm4YbgZ1UIY1Dge1wfDurt59QaZ7IRzNJMYjpUPKIM2qs9ZD2/b5b9WreXGQV/AKqUKjRd796g4RlMUrDBNW663upCXKqDGcCp5VepjGlbEyH2LUoaYw6yOerTsmZdQYkSpR90pC5+3sip7HWkzi0nTE1I71cm5n/1bqZia6DnMs0MyjZ4qMoE8QkZHY3GXCFzIiJBcoUt7sSNqKKMmPTqdgQ/OWTV6F1UfMt319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOcF+fd+Vi0lpxi5hj+yPn8Af9zjZg=</latexit><latexit sha1_base64="YgAuzWg+wuyQict0QiuK5Kx+fug=">AAAB6nicbZBNS8NAEIYn9avWr6hHL4tF8FQSEfRY9OKxov2ANpTNdtIu3WzC7kYooT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5gKro3nfTultfWNza3ydmVnd2//wD08aukkUwybLBGJ6oRUo+ASm4YbgZ1UIY1Dge1wfDurt59QaZ7IRzNJMYjpUPKIM2qs9ZD2/b5b9WreXGQV/AKqUKjRd796g4RlMUrDBNW663upCXKqDGcCp5VepjGlbEyH2LUoaYw6yOerTsmZdQYkSpR90pC5+3sip7HWkzi0nTE1I71cm5n/1bqZia6DnMs0MyjZ4qMoE8QkZHY3GXCFzIiJBcoUt7sSNqKKMmPTqdgQ/OWTV6F1UfMt319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOcF+fd+Vi0lpxi5hj+yPn8Af9zjZg=</latexit><latexit sha1_base64="YgAuzWg+wuyQict0QiuK5Kx+fug=">AAAB6nicbZBNS8NAEIYn9avWr6hHL4tF8FQSEfRY9OKxov2ANpTNdtIu3WzC7kYooT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5gKro3nfTultfWNza3ydmVnd2//wD08aukkUwybLBGJ6oRUo+ASm4YbgZ1UIY1Dge1wfDurt59QaZ7IRzNJMYjpUPKIM2qs9ZD2/b5b9WreXGQV/AKqUKjRd796g4RlMUrDBNW663upCXKqDGcCp5VepjGlbEyH2LUoaYw6yOerTsmZdQYkSpR90pC5+3sip7HWkzi0nTE1I71cm5n/1bqZia6DnMs0MyjZ4qMoE8QkZHY3GXCFzIiJBcoUt7sSNqKKMmPTqdgQ/OWTV6F1UfMt319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOcF+fd+Vi0lpxi5hj+yPn8Af9zjZg=</latexit><latexit sha1_base64="YgAuzWg+wuyQict0QiuK5Kx+fug=">AAAB6nicbZBNS8NAEIYn9avWr6hHL4tF8FQSEfRY9OKxov2ANpTNdtIu3WzC7kYooT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5gKro3nfTultfWNza3ydmVnd2//wD08aukkUwybLBGJ6oRUo+ASm4YbgZ1UIY1Dge1wfDurt59QaZ7IRzNJMYjpUPKIM2qs9ZD2/b5b9WreXGQV/AKqUKjRd796g4RlMUrDBNW663upCXKqDGcCp5VepjGlbEyH2LUoaYw6yOerTsmZdQYkSpR90pC5+3sip7HWkzi0nTE1I71cm5n/1bqZia6DnMs0MyjZ4qMoE8QkZHY3GXCFzIiJBcoUt7sSNqKKMmPTqdgQ/OWTV6F1UfMt319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOcF+fd+Vi0lpxi5hj+yPn8Af9zjZg=</latexit>

pk
<latexit sha1_base64="im4lb+8b8uqzDvHndMFlZwYWuGU=">AAAB6nicbZBNS8NAEIYn9avWr6hHL4tF8FQSEfRY9OKxov2ANpTNdtMu3WzC7kQooT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5hKYdDzvp3S2vrG5lZ5u7Kzu7d/4B4etUySacabLJGJ7oTUcCkUb6JAyTup5jQOJW+H49tZvf3EtRGJesRJyoOYDpWIBKNorYe0P+67Va/mzUVWwS+gCoUafferN0hYFnOFTFJjur6XYpBTjYJJPq30MsNTysZ0yLsWFY25CfL5qlNyZp0BiRJtn0Iyd39P5DQ2ZhKHtjOmODLLtZn5X62bYXQd5EKlGXLFFh9FmSSYkNndZCA0ZygnFijTwu5K2IhqytCmU7Eh+Msnr0LrouZbvr+s1m+KOMpwAqdwDj5cQR3uoAFNYDCEZ3iFN0c6L86787FoLTnFzDH8kfP5A1dqjdI=</latexit><latexit sha1_base64="im4lb+8b8uqzDvHndMFlZwYWuGU=">AAAB6nicbZBNS8NAEIYn9avWr6hHL4tF8FQSEfRY9OKxov2ANpTNdtMu3WzC7kQooT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5hKYdDzvp3S2vrG5lZ5u7Kzu7d/4B4etUySacabLJGJ7oTUcCkUb6JAyTup5jQOJW+H49tZvf3EtRGJesRJyoOYDpWIBKNorYe0P+67Va/mzUVWwS+gCoUafferN0hYFnOFTFJjur6XYpBTjYJJPq30MsNTysZ0yLsWFY25CfL5qlNyZp0BiRJtn0Iyd39P5DQ2ZhKHtjOmODLLtZn5X62bYXQd5EKlGXLFFh9FmSSYkNndZCA0ZygnFijTwu5K2IhqytCmU7Eh+Msnr0LrouZbvr+s1m+KOMpwAqdwDj5cQR3uoAFNYDCEZ3iFN0c6L86787FoLTnFzDH8kfP5A1dqjdI=</latexit><latexit sha1_base64="im4lb+8b8uqzDvHndMFlZwYWuGU=">AAAB6nicbZBNS8NAEIYn9avWr6hHL4tF8FQSEfRY9OKxov2ANpTNdtMu3WzC7kQooT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5hKYdDzvp3S2vrG5lZ5u7Kzu7d/4B4etUySacabLJGJ7oTUcCkUb6JAyTup5jQOJW+H49tZvf3EtRGJesRJyoOYDpWIBKNorYe0P+67Va/mzUVWwS+gCoUafferN0hYFnOFTFJjur6XYpBTjYJJPq30MsNTysZ0yLsWFY25CfL5qlNyZp0BiRJtn0Iyd39P5DQ2ZhKHtjOmODLLtZn5X62bYXQd5EKlGXLFFh9FmSSYkNndZCA0ZygnFijTwu5K2IhqytCmU7Eh+Msnr0LrouZbvr+s1m+KOMpwAqdwDj5cQR3uoAFNYDCEZ3iFN0c6L86787FoLTnFzDH8kfP5A1dqjdI=</latexit><latexit sha1_base64="im4lb+8b8uqzDvHndMFlZwYWuGU=">AAAB6nicbZBNS8NAEIYn9avWr6hHL4tF8FQSEfRY9OKxov2ANpTNdtMu3WzC7kQooT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5hKYdDzvp3S2vrG5lZ5u7Kzu7d/4B4etUySacabLJGJ7oTUcCkUb6JAyTup5jQOJW+H49tZvf3EtRGJesRJyoOYDpWIBKNorYe0P+67Va/mzUVWwS+gCoUafferN0hYFnOFTFJjur6XYpBTjYJJPq30MsNTysZ0yLsWFY25CfL5qlNyZp0BiRJtn0Iyd39P5DQ2ZhKHtjOmODLLtZn5X62bYXQd5EKlGXLFFh9FmSSYkNndZCA0ZygnFijTwu5K2IhqytCmU7Eh+Msnr0LrouZbvr+s1m+KOMpwAqdwDj5cQR3uoAFNYDCEZ3iFN0c6L86787FoLTnFzDH8kfP5A1dqjdI=</latexit>

st
<latexit sha1_base64="YIN2fe3C3Rk2qiX6U7kLtT/L5uM=">AAAB6nicbZBNS8NAEIYn9avWr6hHL4tF8FQSEfRY9OKxov2ANpTNdtMu3WzC7kQooT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5hKYdDzvp3S2vrG5lZ5u7Kzu7d/4B4etUySacabLJGJ7oTUcCkUb6JAyTup5jQOJW+H49tZvf3EtRGJesRJyoOYDpWIBKNorQfTx75b9WreXGQV/AKqUKjRd796g4RlMVfIJDWm63spBjnVKJjk00ovMzylbEyHvGtR0ZibIJ+vOiVn1hmQKNH2KSRz9/dETmNjJnFoO2OKI7Ncm5n/1boZRtdBLlSaIVds8VGUSYIJmd1NBkJzhnJigTIt7K6EjaimDG06FRuCv3zyKrQuar7l+8tq/aaIowwncArn4MMV1OEOGtAEBkN4hld4c6Tz4rw7H4vWklPMHMMfOZ8/aaCN3g==</latexit><latexit sha1_base64="YIN2fe3C3Rk2qiX6U7kLtT/L5uM=">AAAB6nicbZBNS8NAEIYn9avWr6hHL4tF8FQSEfRY9OKxov2ANpTNdtMu3WzC7kQooT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5hKYdDzvp3S2vrG5lZ5u7Kzu7d/4B4etUySacabLJGJ7oTUcCkUb6JAyTup5jQOJW+H49tZvf3EtRGJesRJyoOYDpWIBKNorQfTx75b9WreXGQV/AKqUKjRd796g4RlMVfIJDWm63spBjnVKJjk00ovMzylbEyHvGtR0ZibIJ+vOiVn1hmQKNH2KSRz9/dETmNjJnFoO2OKI7Ncm5n/1boZRtdBLlSaIVds8VGUSYIJmd1NBkJzhnJigTIt7K6EjaimDG06FRuCv3zyKrQuar7l+8tq/aaIowwncArn4MMV1OEOGtAEBkN4hld4c6Tz4rw7H4vWklPMHMMfOZ8/aaCN3g==</latexit><latexit sha1_base64="YIN2fe3C3Rk2qiX6U7kLtT/L5uM=">AAAB6nicbZBNS8NAEIYn9avWr6hHL4tF8FQSEfRY9OKxov2ANpTNdtMu3WzC7kQooT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5hKYdDzvp3S2vrG5lZ5u7Kzu7d/4B4etUySacabLJGJ7oTUcCkUb6JAyTup5jQOJW+H49tZvf3EtRGJesRJyoOYDpWIBKNorQfTx75b9WreXGQV/AKqUKjRd796g4RlMVfIJDWm63spBjnVKJjk00ovMzylbEyHvGtR0ZibIJ+vOiVn1hmQKNH2KSRz9/dETmNjJnFoO2OKI7Ncm5n/1boZRtdBLlSaIVds8VGUSYIJmd1NBkJzhnJigTIt7K6EjaimDG06FRuCv3zyKrQuar7l+8tq/aaIowwncArn4MMV1OEOGtAEBkN4hld4c6Tz4rw7H4vWklPMHMMfOZ8/aaCN3g==</latexit><latexit sha1_base64="YIN2fe3C3Rk2qiX6U7kLtT/L5uM=">AAAB6nicbZBNS8NAEIYn9avWr6hHL4tF8FQSEfRY9OKxov2ANpTNdtMu3WzC7kQooT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5hKYdDzvp3S2vrG5lZ5u7Kzu7d/4B4etUySacabLJGJ7oTUcCkUb6JAyTup5jQOJW+H49tZvf3EtRGJesRJyoOYDpWIBKNorQfTx75b9WreXGQV/AKqUKjRd796g4RlMVfIJDWm63spBjnVKJjk00ovMzylbEyHvGtR0ZibIJ+vOiVn1hmQKNH2KSRz9/dETmNjJnFoO2OKI7Ncm5n/1boZRtdBLlSaIVds8VGUSYIJmd1NBkJzhnJigTIt7K6EjaimDG06FRuCv3zyKrQuar7l+8tq/aaIowwncArn4MMV1OEOGtAEBkN4hld4c6Tz4rw7H4vWklPMHMMfOZ8/aaCN3g==</latexit>

st+1
<latexit sha1_base64="3GXIeeaS0w/F6pOQO6igMJ1tOE0=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tFEISSiKDHohePFewHtKFstpt26WYTdidCCf0RXjwo4tXf481/46bNQVtfWHh4Z4adeYNECoOu++2U1tY3NrfK25Wd3b39g+rhUdvEqWa8xWIZ625ADZdC8RYKlLybaE6jQPJOMLnL650nro2I1SNOE+5HdKREKBhFa3XMIMMLbzao1ty6OxdZBa+AGhRqDqpf/WHM0ogrZJIa0/PcBP2MahRM8lmlnxqeUDahI96zqGjEjZ/N152RM+sMSRhr+xSSuft7IqORMdMosJ0RxbFZruXmf7VeiuGNnwmVpMgVW3wUppJgTPLbyVBozlBOLVCmhd2VsDHVlKFNqGJD8JZPXoX2Zd2z/HBVa9wWcZThBE7hHDy4hgbcQxNawGACz/AKb07ivDjvzseiteQUM8fwR87nDwfgj1o=</latexit><latexit sha1_base64="3GXIeeaS0w/F6pOQO6igMJ1tOE0=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tFEISSiKDHohePFewHtKFstpt26WYTdidCCf0RXjwo4tXf481/46bNQVtfWHh4Z4adeYNECoOu++2U1tY3NrfK25Wd3b39g+rhUdvEqWa8xWIZ625ADZdC8RYKlLybaE6jQPJOMLnL650nro2I1SNOE+5HdKREKBhFa3XMIMMLbzao1ty6OxdZBa+AGhRqDqpf/WHM0ogrZJIa0/PcBP2MahRM8lmlnxqeUDahI96zqGjEjZ/N152RM+sMSRhr+xSSuft7IqORMdMosJ0RxbFZruXmf7VeiuGNnwmVpMgVW3wUppJgTPLbyVBozlBOLVCmhd2VsDHVlKFNqGJD8JZPXoX2Zd2z/HBVa9wWcZThBE7hHDy4hgbcQxNawGACz/AKb07ivDjvzseiteQUM8fwR87nDwfgj1o=</latexit><latexit sha1_base64="3GXIeeaS0w/F6pOQO6igMJ1tOE0=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tFEISSiKDHohePFewHtKFstpt26WYTdidCCf0RXjwo4tXf481/46bNQVtfWHh4Z4adeYNECoOu++2U1tY3NrfK25Wd3b39g+rhUdvEqWa8xWIZ625ADZdC8RYKlLybaE6jQPJOMLnL650nro2I1SNOE+5HdKREKBhFa3XMIMMLbzao1ty6OxdZBa+AGhRqDqpf/WHM0ogrZJIa0/PcBP2MahRM8lmlnxqeUDahI96zqGjEjZ/N152RM+sMSRhr+xSSuft7IqORMdMosJ0RxbFZruXmf7VeiuGNnwmVpMgVW3wUppJgTPLbyVBozlBOLVCmhd2VsDHVlKFNqGJD8JZPXoX2Zd2z/HBVa9wWcZThBE7hHDy4hgbcQxNawGACz/AKb07ivDjvzseiteQUM8fwR87nDwfgj1o=</latexit><latexit sha1_base64="3GXIeeaS0w/F6pOQO6igMJ1tOE0=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tFEISSiKDHohePFewHtKFstpt26WYTdidCCf0RXjwo4tXf481/46bNQVtfWHh4Z4adeYNECoOu++2U1tY3NrfK25Wd3b39g+rhUdvEqWa8xWIZ625ADZdC8RYKlLybaE6jQPJOMLnL650nro2I1SNOE+5HdKREKBhFa3XMIMMLbzao1ty6OxdZBa+AGhRqDqpf/WHM0ogrZJIa0/PcBP2MahRM8lmlnxqeUDahI96zqGjEjZ/N152RM+sMSRhr+xSSuft7IqORMdMosJ0RxbFZruXmf7VeiuGNnwmVpMgVW3wUppJgTPLbyVBozlBOLVCmhd2VsDHVlKFNqGJD8JZPXoX2Zd2z/HBVa9wWcZThBE7hHDy4hgbcQxNawGACz/AKb07ivDjvzseiteQUM8fwR87nDwfgj1o=</latexit>
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Rule learning:   training data is (s, a, s')
Outer loop over set of rules
• Greedily add best next deictic reference to generate new rule

Inner loop 
• EM-method for deciding which rule(s) account for which training examples
• Predict mean and variance for each property
• Gradient descent on NN that predicts next values, minimize conditional log likelihood

o1
<latexit sha1_base64="pV1aVIJDSXuTtagXTFKIdZdgy4E=">AAAB6nicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHivYD2qVk09k2NJssSVYopT/BiwdFvPqLvPlvTNs9aOsLgYd3ZsjMG6WCG+v7315hbX1jc6u4XdrZ3ds/KB8eNY3KNMMGU0LpdkQNCi6xYbkV2E410iQS2IpGt7N66wm14Uo+2nGKYUIHksecUeusB9ULeuWKX/XnIqsQ5FCBXPVe+avbVyxLUFomqDGdwE9tOKHaciZwWupmBlPKRnSAHYeSJmjCyXzVKTlzTp/ESrsnLZm7vycmNDFmnESuM6F2aJZrM/O/Wiez8XU44TLNLEq2+CjOBLGKzO4mfa6RWTF2QJnmblfChlRTZl06JRdCsHzyKjQvqoHj+8tK7SaPowgncArnEMAV1OAO6tAABgN4hld484T34r17H4vWgpfPHMMfeZ8//e2Nlw==</latexit><latexit sha1_base64="pV1aVIJDSXuTtagXTFKIdZdgy4E=">AAAB6nicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHivYD2qVk09k2NJssSVYopT/BiwdFvPqLvPlvTNs9aOsLgYd3ZsjMG6WCG+v7315hbX1jc6u4XdrZ3ds/KB8eNY3KNMMGU0LpdkQNCi6xYbkV2E410iQS2IpGt7N66wm14Uo+2nGKYUIHksecUeusB9ULeuWKX/XnIqsQ5FCBXPVe+avbVyxLUFomqDGdwE9tOKHaciZwWupmBlPKRnSAHYeSJmjCyXzVKTlzTp/ESrsnLZm7vycmNDFmnESuM6F2aJZrM/O/Wiez8XU44TLNLEq2+CjOBLGKzO4mfa6RWTF2QJnmblfChlRTZl06JRdCsHzyKjQvqoHj+8tK7SaPowgncArnEMAV1OAO6tAABgN4hld484T34r17H4vWgpfPHMMfeZ8//e2Nlw==</latexit><latexit sha1_base64="pV1aVIJDSXuTtagXTFKIdZdgy4E=">AAAB6nicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHivYD2qVk09k2NJssSVYopT/BiwdFvPqLvPlvTNs9aOsLgYd3ZsjMG6WCG+v7315hbX1jc6u4XdrZ3ds/KB8eNY3KNMMGU0LpdkQNCi6xYbkV2E410iQS2IpGt7N66wm14Uo+2nGKYUIHksecUeusB9ULeuWKX/XnIqsQ5FCBXPVe+avbVyxLUFomqDGdwE9tOKHaciZwWupmBlPKRnSAHYeSJmjCyXzVKTlzTp/ESrsnLZm7vycmNDFmnESuM6F2aJZrM/O/Wiez8XU44TLNLEq2+CjOBLGKzO4mfa6RWTF2QJnmblfChlRTZl06JRdCsHzyKjQvqoHj+8tK7SaPowgncArnEMAV1OAO6tAABgN4hld484T34r17H4vWgpfPHMMfeZ8//e2Nlw==</latexit><latexit sha1_base64="pV1aVIJDSXuTtagXTFKIdZdgy4E=">AAAB6nicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHivYD2qVk09k2NJssSVYopT/BiwdFvPqLvPlvTNs9aOsLgYd3ZsjMG6WCG+v7315hbX1jc6u4XdrZ3ds/KB8eNY3KNMMGU0LpdkQNCi6xYbkV2E410iQS2IpGt7N66wm14Uo+2nGKYUIHksecUeusB9ULeuWKX/XnIqsQ5FCBXPVe+avbVyxLUFomqDGdwE9tOKHaciZwWupmBlPKRnSAHYeSJmjCyXzVKTlzTp/ESrsnLZm7vycmNDFmnESuM6F2aJZrM/O/Wiez8XU44TLNLEq2+CjOBLGKzO4mfa6RWTF2QJnmblfChlRTZl06JRdCsHzyKjQvqoHj+8tK7SaPowgncArnEMAV1OAO6tAABgN4hld484T34r17H4vWgpfPHMMfeZ8//e2Nlw==</latexit>

on
<latexit sha1_base64="nXDJPQPnQITohi0kvd3kAlRgDT8=">AAAB6nicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHivYD2qVk02wbmk2WZFYopT/BiwdFvPqLvPlvTNs9aOsLgYd3ZsjMG6VSWPT9b6+wtr6xuVXcLu3s7u0flA+PmlZnhvEG01KbdkQtl0LxBgqUvJ0aTpNI8lY0up3VW0/cWKHVI45THiZ0oEQsGEVnPeie6pUrftWfi6xCkEMFctV75a9uX7Ms4QqZpNZ2Aj/FcEINCib5tNTNLE8pG9EB7zhUNOE2nMxXnZIz5/RJrI17Csnc/T0xoYm14yRynQnFoV2uzcz/ap0M4+twIlSaIVds8VGcSYKazO4mfWE4Qzl2QJkRblfChtRQhi6dkgshWD55FZoX1cDx/WWldpPHUYQTOIVzCOAKanAHdWgAgwE8wyu8edJ78d69j0VrwctnjuGPvM8fWnCN1A==</latexit><latexit sha1_base64="nXDJPQPnQITohi0kvd3kAlRgDT8=">AAAB6nicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHivYD2qVk02wbmk2WZFYopT/BiwdFvPqLvPlvTNs9aOsLgYd3ZsjMG6VSWPT9b6+wtr6xuVXcLu3s7u0flA+PmlZnhvEG01KbdkQtl0LxBgqUvJ0aTpNI8lY0up3VW0/cWKHVI45THiZ0oEQsGEVnPeie6pUrftWfi6xCkEMFctV75a9uX7Ms4QqZpNZ2Aj/FcEINCib5tNTNLE8pG9EB7zhUNOE2nMxXnZIz5/RJrI17Csnc/T0xoYm14yRynQnFoV2uzcz/ap0M4+twIlSaIVds8VGcSYKazO4mfWE4Qzl2QJkRblfChtRQhi6dkgshWD55FZoX1cDx/WWldpPHUYQTOIVzCOAKanAHdWgAgwE8wyu8edJ78d69j0VrwctnjuGPvM8fWnCN1A==</latexit><latexit sha1_base64="nXDJPQPnQITohi0kvd3kAlRgDT8=">AAAB6nicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHivYD2qVk02wbmk2WZFYopT/BiwdFvPqLvPlvTNs9aOsLgYd3ZsjMG6VSWPT9b6+wtr6xuVXcLu3s7u0flA+PmlZnhvEG01KbdkQtl0LxBgqUvJ0aTpNI8lY0up3VW0/cWKHVI45THiZ0oEQsGEVnPeie6pUrftWfi6xCkEMFctV75a9uX7Ms4QqZpNZ2Aj/FcEINCib5tNTNLE8pG9EB7zhUNOE2nMxXnZIz5/RJrI17Csnc/T0xoYm14yRynQnFoV2uzcz/ap0M4+twIlSaIVds8VGcSYKazO4mfWE4Qzl2QJkRblfChtRQhi6dkgshWD55FZoX1cDx/WWldpPHUYQTOIVzCOAKanAHdWgAgwE8wyu8edJ78d69j0VrwctnjuGPvM8fWnCN1A==</latexit><latexit sha1_base64="nXDJPQPnQITohi0kvd3kAlRgDT8=">AAAB6nicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHivYD2qVk02wbmk2WZFYopT/BiwdFvPqLvPlvTNs9aOsLgYd3ZsjMG6VSWPT9b6+wtr6xuVXcLu3s7u0flA+PmlZnhvEG01KbdkQtl0LxBgqUvJ0aTpNI8lY0up3VW0/cWKHVI45THiZ0oEQsGEVnPeie6pUrftWfi6xCkEMFctV75a9uX7Ms4QqZpNZ2Aj/FcEINCib5tNTNLE8pG9EB7zhUNOE2nMxXnZIz5/RJrI17Csnc/T0xoYm14yRynQnFoV2uzcz/ap0M4+twIlSaIVds8VGcSYKazO4mfWE4Qzl2QJkRblfChtRQhi6dkgshWD55FZoX1cDx/WWldpPHUYQTOIVzCOAKanAHdWgAgwE8wyu8edJ78d69j0VrwctnjuGPvM8fWnCN1A==</latexit>

p1
<latexit sha1_base64="YgAuzWg+wuyQict0QiuK5Kx+fug=">AAAB6nicbZBNS8NAEIYn9avWr6hHL4tF8FQSEfRY9OKxov2ANpTNdtIu3WzC7kYooT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5gKro3nfTultfWNza3ydmVnd2//wD08aukkUwybLBGJ6oRUo+ASm4YbgZ1UIY1Dge1wfDurt59QaZ7IRzNJMYjpUPKIM2qs9ZD2/b5b9WreXGQV/AKqUKjRd796g4RlMUrDBNW663upCXKqDGcCp5VepjGlbEyH2LUoaYw6yOerTsmZdQYkSpR90pC5+3sip7HWkzi0nTE1I71cm5n/1bqZia6DnMs0MyjZ4qMoE8QkZHY3GXCFzIiJBcoUt7sSNqKKMmPTqdgQ/OWTV6F1UfMt319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOcF+fd+Vi0lpxi5hj+yPn8Af9zjZg=</latexit><latexit sha1_base64="YgAuzWg+wuyQict0QiuK5Kx+fug=">AAAB6nicbZBNS8NAEIYn9avWr6hHL4tF8FQSEfRY9OKxov2ANpTNdtIu3WzC7kYooT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5gKro3nfTultfWNza3ydmVnd2//wD08aukkUwybLBGJ6oRUo+ASm4YbgZ1UIY1Dge1wfDurt59QaZ7IRzNJMYjpUPKIM2qs9ZD2/b5b9WreXGQV/AKqUKjRd796g4RlMUrDBNW663upCXKqDGcCp5VepjGlbEyH2LUoaYw6yOerTsmZdQYkSpR90pC5+3sip7HWkzi0nTE1I71cm5n/1bqZia6DnMs0MyjZ4qMoE8QkZHY3GXCFzIiJBcoUt7sSNqKKMmPTqdgQ/OWTV6F1UfMt319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOcF+fd+Vi0lpxi5hj+yPn8Af9zjZg=</latexit><latexit sha1_base64="YgAuzWg+wuyQict0QiuK5Kx+fug=">AAAB6nicbZBNS8NAEIYn9avWr6hHL4tF8FQSEfRY9OKxov2ANpTNdtIu3WzC7kYooT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5gKro3nfTultfWNza3ydmVnd2//wD08aukkUwybLBGJ6oRUo+ASm4YbgZ1UIY1Dge1wfDurt59QaZ7IRzNJMYjpUPKIM2qs9ZD2/b5b9WreXGQV/AKqUKjRd796g4RlMUrDBNW663upCXKqDGcCp5VepjGlbEyH2LUoaYw6yOerTsmZdQYkSpR90pC5+3sip7HWkzi0nTE1I71cm5n/1bqZia6DnMs0MyjZ4qMoE8QkZHY3GXCFzIiJBcoUt7sSNqKKMmPTqdgQ/OWTV6F1UfMt319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOcF+fd+Vi0lpxi5hj+yPn8Af9zjZg=</latexit><latexit sha1_base64="YgAuzWg+wuyQict0QiuK5Kx+fug=">AAAB6nicbZBNS8NAEIYn9avWr6hHL4tF8FQSEfRY9OKxov2ANpTNdtIu3WzC7kYooT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5gKro3nfTultfWNza3ydmVnd2//wD08aukkUwybLBGJ6oRUo+ASm4YbgZ1UIY1Dge1wfDurt59QaZ7IRzNJMYjpUPKIM2qs9ZD2/b5b9WreXGQV/AKqUKjRd796g4RlMUrDBNW663upCXKqDGcCp5VepjGlbEyH2LUoaYw6yOerTsmZdQYkSpR90pC5+3sip7HWkzi0nTE1I71cm5n/1bqZia6DnMs0MyjZ4qMoE8QkZHY3GXCFzIiJBcoUt7sSNqKKMmPTqdgQ/OWTV6F1UfMt319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOcF+fd+Vi0lpxi5hj+yPn8Af9zjZg=</latexit>

pk
<latexit sha1_base64="im4lb+8b8uqzDvHndMFlZwYWuGU=">AAAB6nicbZBNS8NAEIYn9avWr6hHL4tF8FQSEfRY9OKxov2ANpTNdtMu3WzC7kQooT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5hKYdDzvp3S2vrG5lZ5u7Kzu7d/4B4etUySacabLJGJ7oTUcCkUb6JAyTup5jQOJW+H49tZvf3EtRGJesRJyoOYDpWIBKNorYe0P+67Va/mzUVWwS+gCoUafferN0hYFnOFTFJjur6XYpBTjYJJPq30MsNTysZ0yLsWFY25CfL5qlNyZp0BiRJtn0Iyd39P5DQ2ZhKHtjOmODLLtZn5X62bYXQd5EKlGXLFFh9FmSSYkNndZCA0ZygnFijTwu5K2IhqytCmU7Eh+Msnr0LrouZbvr+s1m+KOMpwAqdwDj5cQR3uoAFNYDCEZ3iFN0c6L86787FoLTnFzDH8kfP5A1dqjdI=</latexit><latexit sha1_base64="im4lb+8b8uqzDvHndMFlZwYWuGU=">AAAB6nicbZBNS8NAEIYn9avWr6hHL4tF8FQSEfRY9OKxov2ANpTNdtMu3WzC7kQooT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5hKYdDzvp3S2vrG5lZ5u7Kzu7d/4B4etUySacabLJGJ7oTUcCkUb6JAyTup5jQOJW+H49tZvf3EtRGJesRJyoOYDpWIBKNorYe0P+67Va/mzUVWwS+gCoUafferN0hYFnOFTFJjur6XYpBTjYJJPq30MsNTysZ0yLsWFY25CfL5qlNyZp0BiRJtn0Iyd39P5DQ2ZhKHtjOmODLLtZn5X62bYXQd5EKlGXLFFh9FmSSYkNndZCA0ZygnFijTwu5K2IhqytCmU7Eh+Msnr0LrouZbvr+s1m+KOMpwAqdwDj5cQR3uoAFNYDCEZ3iFN0c6L86787FoLTnFzDH8kfP5A1dqjdI=</latexit><latexit sha1_base64="im4lb+8b8uqzDvHndMFlZwYWuGU=">AAAB6nicbZBNS8NAEIYn9avWr6hHL4tF8FQSEfRY9OKxov2ANpTNdtMu3WzC7kQooT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5hKYdDzvp3S2vrG5lZ5u7Kzu7d/4B4etUySacabLJGJ7oTUcCkUb6JAyTup5jQOJW+H49tZvf3EtRGJesRJyoOYDpWIBKNorYe0P+67Va/mzUVWwS+gCoUafferN0hYFnOFTFJjur6XYpBTjYJJPq30MsNTysZ0yLsWFY25CfL5qlNyZp0BiRJtn0Iyd39P5DQ2ZhKHtjOmODLLtZn5X62bYXQd5EKlGXLFFh9FmSSYkNndZCA0ZygnFijTwu5K2IhqytCmU7Eh+Msnr0LrouZbvr+s1m+KOMpwAqdwDj5cQR3uoAFNYDCEZ3iFN0c6L86787FoLTnFzDH8kfP5A1dqjdI=</latexit><latexit sha1_base64="im4lb+8b8uqzDvHndMFlZwYWuGU=">AAAB6nicbZBNS8NAEIYn9avWr6hHL4tF8FQSEfRY9OKxov2ANpTNdtMu3WzC7kQooT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5hKYdDzvp3S2vrG5lZ5u7Kzu7d/4B4etUySacabLJGJ7oTUcCkUb6JAyTup5jQOJW+H49tZvf3EtRGJesRJyoOYDpWIBKNorYe0P+67Va/mzUVWwS+gCoUafferN0hYFnOFTFJjur6XYpBTjYJJPq30MsNTysZ0yLsWFY25CfL5qlNyZp0BiRJtn0Iyd39P5DQ2ZhKHtjOmODLLtZn5X62bYXQd5EKlGXLFFh9FmSSYkNndZCA0ZygnFijTwu5K2IhqytCmU7Eh+Msnr0LrouZbvr+s1m+KOMpwAqdwDj5cQR3uoAFNYDCEZ3iFN0c6L86787FoLTnFzDH8kfP5A1dqjdI=</latexit>

o1
<latexit sha1_base64="pV1aVIJDSXuTtagXTFKIdZdgy4E=">AAAB6nicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHivYD2qVk09k2NJssSVYopT/BiwdFvPqLvPlvTNs9aOsLgYd3ZsjMG6WCG+v7315hbX1jc6u4XdrZ3ds/KB8eNY3KNMMGU0LpdkQNCi6xYbkV2E410iQS2IpGt7N66wm14Uo+2nGKYUIHksecUeusB9ULeuWKX/XnIqsQ5FCBXPVe+avbVyxLUFomqDGdwE9tOKHaciZwWupmBlPKRnSAHYeSJmjCyXzVKTlzTp/ESrsnLZm7vycmNDFmnESuM6F2aJZrM/O/Wiez8XU44TLNLEq2+CjOBLGKzO4mfa6RWTF2QJnmblfChlRTZl06JRdCsHzyKjQvqoHj+8tK7SaPowgncArnEMAV1OAO6tAABgN4hld484T34r17H4vWgpfPHMMfeZ8//e2Nlw==</latexit><latexit sha1_base64="pV1aVIJDSXuTtagXTFKIdZdgy4E=">AAAB6nicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHivYD2qVk09k2NJssSVYopT/BiwdFvPqLvPlvTNs9aOsLgYd3ZsjMG6WCG+v7315hbX1jc6u4XdrZ3ds/KB8eNY3KNMMGU0LpdkQNCi6xYbkV2E410iQS2IpGt7N66wm14Uo+2nGKYUIHksecUeusB9ULeuWKX/XnIqsQ5FCBXPVe+avbVyxLUFomqDGdwE9tOKHaciZwWupmBlPKRnSAHYeSJmjCyXzVKTlzTp/ESrsnLZm7vycmNDFmnESuM6F2aJZrM/O/Wiez8XU44TLNLEq2+CjOBLGKzO4mfa6RWTF2QJnmblfChlRTZl06JRdCsHzyKjQvqoHj+8tK7SaPowgncArnEMAV1OAO6tAABgN4hld484T34r17H4vWgpfPHMMfeZ8//e2Nlw==</latexit><latexit sha1_base64="pV1aVIJDSXuTtagXTFKIdZdgy4E=">AAAB6nicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHivYD2qVk09k2NJssSVYopT/BiwdFvPqLvPlvTNs9aOsLgYd3ZsjMG6WCG+v7315hbX1jc6u4XdrZ3ds/KB8eNY3KNMMGU0LpdkQNCi6xYbkV2E410iQS2IpGt7N66wm14Uo+2nGKYUIHksecUeusB9ULeuWKX/XnIqsQ5FCBXPVe+avbVyxLUFomqDGdwE9tOKHaciZwWupmBlPKRnSAHYeSJmjCyXzVKTlzTp/ESrsnLZm7vycmNDFmnESuM6F2aJZrM/O/Wiez8XU44TLNLEq2+CjOBLGKzO4mfa6RWTF2QJnmblfChlRTZl06JRdCsHzyKjQvqoHj+8tK7SaPowgncArnEMAV1OAO6tAABgN4hld484T34r17H4vWgpfPHMMfeZ8//e2Nlw==</latexit><latexit sha1_base64="pV1aVIJDSXuTtagXTFKIdZdgy4E=">AAAB6nicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHivYD2qVk09k2NJssSVYopT/BiwdFvPqLvPlvTNs9aOsLgYd3ZsjMG6WCG+v7315hbX1jc6u4XdrZ3ds/KB8eNY3KNMMGU0LpdkQNCi6xYbkV2E410iQS2IpGt7N66wm14Uo+2nGKYUIHksecUeusB9ULeuWKX/XnIqsQ5FCBXPVe+avbVyxLUFomqDGdwE9tOKHaciZwWupmBlPKRnSAHYeSJmjCyXzVKTlzTp/ESrsnLZm7vycmNDFmnESuM6F2aJZrM/O/Wiez8XU44TLNLEq2+CjOBLGKzO4mfa6RWTF2QJnmblfChlRTZl06JRdCsHzyKjQvqoHj+8tK7SaPowgncArnEMAV1OAO6tAABgN4hld484T34r17H4vWgpfPHMMfeZ8//e2Nlw==</latexit>

on
<latexit sha1_base64="nXDJPQPnQITohi0kvd3kAlRgDT8=">AAAB6nicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHivYD2qVk02wbmk2WZFYopT/BiwdFvPqLvPlvTNs9aOsLgYd3ZsjMG6VSWPT9b6+wtr6xuVXcLu3s7u0flA+PmlZnhvEG01KbdkQtl0LxBgqUvJ0aTpNI8lY0up3VW0/cWKHVI45THiZ0oEQsGEVnPeie6pUrftWfi6xCkEMFctV75a9uX7Ms4QqZpNZ2Aj/FcEINCib5tNTNLE8pG9EB7zhUNOE2nMxXnZIz5/RJrI17Csnc/T0xoYm14yRynQnFoV2uzcz/ap0M4+twIlSaIVds8VGcSYKazO4mfWE4Qzl2QJkRblfChtRQhi6dkgshWD55FZoX1cDx/WWldpPHUYQTOIVzCOAKanAHdWgAgwE8wyu8edJ78d69j0VrwctnjuGPvM8fWnCN1A==</latexit><latexit sha1_base64="nXDJPQPnQITohi0kvd3kAlRgDT8=">AAAB6nicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHivYD2qVk02wbmk2WZFYopT/BiwdFvPqLvPlvTNs9aOsLgYd3ZsjMG6VSWPT9b6+wtr6xuVXcLu3s7u0flA+PmlZnhvEG01KbdkQtl0LxBgqUvJ0aTpNI8lY0up3VW0/cWKHVI45THiZ0oEQsGEVnPeie6pUrftWfi6xCkEMFctV75a9uX7Ms4QqZpNZ2Aj/FcEINCib5tNTNLE8pG9EB7zhUNOE2nMxXnZIz5/RJrI17Csnc/T0xoYm14yRynQnFoV2uzcz/ap0M4+twIlSaIVds8VGcSYKazO4mfWE4Qzl2QJkRblfChtRQhi6dkgshWD55FZoX1cDx/WWldpPHUYQTOIVzCOAKanAHdWgAgwE8wyu8edJ78d69j0VrwctnjuGPvM8fWnCN1A==</latexit><latexit sha1_base64="nXDJPQPnQITohi0kvd3kAlRgDT8=">AAAB6nicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHivYD2qVk02wbmk2WZFYopT/BiwdFvPqLvPlvTNs9aOsLgYd3ZsjMG6VSWPT9b6+wtr6xuVXcLu3s7u0flA+PmlZnhvEG01KbdkQtl0LxBgqUvJ0aTpNI8lY0up3VW0/cWKHVI45THiZ0oEQsGEVnPeie6pUrftWfi6xCkEMFctV75a9uX7Ms4QqZpNZ2Aj/FcEINCib5tNTNLE8pG9EB7zhUNOE2nMxXnZIz5/RJrI17Csnc/T0xoYm14yRynQnFoV2uzcz/ap0M4+twIlSaIVds8VGcSYKazO4mfWE4Qzl2QJkRblfChtRQhi6dkgshWD55FZoX1cDx/WWldpPHUYQTOIVzCOAKanAHdWgAgwE8wyu8edJ78d69j0VrwctnjuGPvM8fWnCN1A==</latexit><latexit sha1_base64="nXDJPQPnQITohi0kvd3kAlRgDT8=">AAAB6nicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHivYD2qVk02wbmk2WZFYopT/BiwdFvPqLvPlvTNs9aOsLgYd3ZsjMG6VSWPT9b6+wtr6xuVXcLu3s7u0flA+PmlZnhvEG01KbdkQtl0LxBgqUvJ0aTpNI8lY0up3VW0/cWKHVI45THiZ0oEQsGEVnPeie6pUrftWfi6xCkEMFctV75a9uX7Ms4QqZpNZ2Aj/FcEINCib5tNTNLE8pG9EB7zhUNOE2nMxXnZIz5/RJrI17Csnc/T0xoYm14yRynQnFoV2uzcz/ap0M4+twIlSaIVds8VGcSYKazO4mfWE4Qzl2QJkRblfChtRQhi6dkgshWD55FZoX1cDx/WWldpPHUYQTOIVzCOAKanAHdWgAgwE8wyu8edJ78d69j0VrwctnjuGPvM8fWnCN1A==</latexit>

p1
<latexit sha1_base64="YgAuzWg+wuyQict0QiuK5Kx+fug=">AAAB6nicbZBNS8NAEIYn9avWr6hHL4tF8FQSEfRY9OKxov2ANpTNdtIu3WzC7kYooT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5gKro3nfTultfWNza3ydmVnd2//wD08aukkUwybLBGJ6oRUo+ASm4YbgZ1UIY1Dge1wfDurt59QaZ7IRzNJMYjpUPKIM2qs9ZD2/b5b9WreXGQV/AKqUKjRd796g4RlMUrDBNW663upCXKqDGcCp5VepjGlbEyH2LUoaYw6yOerTsmZdQYkSpR90pC5+3sip7HWkzi0nTE1I71cm5n/1bqZia6DnMs0MyjZ4qMoE8QkZHY3GXCFzIiJBcoUt7sSNqKKMmPTqdgQ/OWTV6F1UfMt319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOcF+fd+Vi0lpxi5hj+yPn8Af9zjZg=</latexit><latexit sha1_base64="YgAuzWg+wuyQict0QiuK5Kx+fug=">AAAB6nicbZBNS8NAEIYn9avWr6hHL4tF8FQSEfRY9OKxov2ANpTNdtIu3WzC7kYooT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5gKro3nfTultfWNza3ydmVnd2//wD08aukkUwybLBGJ6oRUo+ASm4YbgZ1UIY1Dge1wfDurt59QaZ7IRzNJMYjpUPKIM2qs9ZD2/b5b9WreXGQV/AKqUKjRd796g4RlMUrDBNW663upCXKqDGcCp5VepjGlbEyH2LUoaYw6yOerTsmZdQYkSpR90pC5+3sip7HWkzi0nTE1I71cm5n/1bqZia6DnMs0MyjZ4qMoE8QkZHY3GXCFzIiJBcoUt7sSNqKKMmPTqdgQ/OWTV6F1UfMt319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOcF+fd+Vi0lpxi5hj+yPn8Af9zjZg=</latexit><latexit sha1_base64="YgAuzWg+wuyQict0QiuK5Kx+fug=">AAAB6nicbZBNS8NAEIYn9avWr6hHL4tF8FQSEfRY9OKxov2ANpTNdtIu3WzC7kYooT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5gKro3nfTultfWNza3ydmVnd2//wD08aukkUwybLBGJ6oRUo+ASm4YbgZ1UIY1Dge1wfDurt59QaZ7IRzNJMYjpUPKIM2qs9ZD2/b5b9WreXGQV/AKqUKjRd796g4RlMUrDBNW663upCXKqDGcCp5VepjGlbEyH2LUoaYw6yOerTsmZdQYkSpR90pC5+3sip7HWkzi0nTE1I71cm5n/1bqZia6DnMs0MyjZ4qMoE8QkZHY3GXCFzIiJBcoUt7sSNqKKMmPTqdgQ/OWTV6F1UfMt319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOcF+fd+Vi0lpxi5hj+yPn8Af9zjZg=</latexit><latexit sha1_base64="YgAuzWg+wuyQict0QiuK5Kx+fug=">AAAB6nicbZBNS8NAEIYn9avWr6hHL4tF8FQSEfRY9OKxov2ANpTNdtIu3WzC7kYooT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5gKro3nfTultfWNza3ydmVnd2//wD08aukkUwybLBGJ6oRUo+ASm4YbgZ1UIY1Dge1wfDurt59QaZ7IRzNJMYjpUPKIM2qs9ZD2/b5b9WreXGQV/AKqUKjRd796g4RlMUrDBNW663upCXKqDGcCp5VepjGlbEyH2LUoaYw6yOerTsmZdQYkSpR90pC5+3sip7HWkzi0nTE1I71cm5n/1bqZia6DnMs0MyjZ4qMoE8QkZHY3GXCFzIiJBcoUt7sSNqKKMmPTqdgQ/OWTV6F1UfMt319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOcF+fd+Vi0lpxi5hj+yPn8Af9zjZg=</latexit>

pk
<latexit sha1_base64="im4lb+8b8uqzDvHndMFlZwYWuGU=">AAAB6nicbZBNS8NAEIYn9avWr6hHL4tF8FQSEfRY9OKxov2ANpTNdtMu3WzC7kQooT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5hKYdDzvp3S2vrG5lZ5u7Kzu7d/4B4etUySacabLJGJ7oTUcCkUb6JAyTup5jQOJW+H49tZvf3EtRGJesRJyoOYDpWIBKNorYe0P+67Va/mzUVWwS+gCoUafferN0hYFnOFTFJjur6XYpBTjYJJPq30MsNTysZ0yLsWFY25CfL5qlNyZp0BiRJtn0Iyd39P5DQ2ZhKHtjOmODLLtZn5X62bYXQd5EKlGXLFFh9FmSSYkNndZCA0ZygnFijTwu5K2IhqytCmU7Eh+Msnr0LrouZbvr+s1m+KOMpwAqdwDj5cQR3uoAFNYDCEZ3iFN0c6L86787FoLTnFzDH8kfP5A1dqjdI=</latexit><latexit sha1_base64="im4lb+8b8uqzDvHndMFlZwYWuGU=">AAAB6nicbZBNS8NAEIYn9avWr6hHL4tF8FQSEfRY9OKxov2ANpTNdtMu3WzC7kQooT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5hKYdDzvp3S2vrG5lZ5u7Kzu7d/4B4etUySacabLJGJ7oTUcCkUb6JAyTup5jQOJW+H49tZvf3EtRGJesRJyoOYDpWIBKNorYe0P+67Va/mzUVWwS+gCoUafferN0hYFnOFTFJjur6XYpBTjYJJPq30MsNTysZ0yLsWFY25CfL5qlNyZp0BiRJtn0Iyd39P5DQ2ZhKHtjOmODLLtZn5X62bYXQd5EKlGXLFFh9FmSSYkNndZCA0ZygnFijTwu5K2IhqytCmU7Eh+Msnr0LrouZbvr+s1m+KOMpwAqdwDj5cQR3uoAFNYDCEZ3iFN0c6L86787FoLTnFzDH8kfP5A1dqjdI=</latexit><latexit sha1_base64="im4lb+8b8uqzDvHndMFlZwYWuGU=">AAAB6nicbZBNS8NAEIYn9avWr6hHL4tF8FQSEfRY9OKxov2ANpTNdtMu3WzC7kQooT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5hKYdDzvp3S2vrG5lZ5u7Kzu7d/4B4etUySacabLJGJ7oTUcCkUb6JAyTup5jQOJW+H49tZvf3EtRGJesRJyoOYDpWIBKNorYe0P+67Va/mzUVWwS+gCoUafferN0hYFnOFTFJjur6XYpBTjYJJPq30MsNTysZ0yLsWFY25CfL5qlNyZp0BiRJtn0Iyd39P5DQ2ZhKHtjOmODLLtZn5X62bYXQd5EKlGXLFFh9FmSSYkNndZCA0ZygnFijTwu5K2IhqytCmU7Eh+Msnr0LrouZbvr+s1m+KOMpwAqdwDj5cQR3uoAFNYDCEZ3iFN0c6L86787FoLTnFzDH8kfP5A1dqjdI=</latexit><latexit sha1_base64="im4lb+8b8uqzDvHndMFlZwYWuGU=">AAAB6nicbZBNS8NAEIYn9avWr6hHL4tF8FQSEfRY9OKxov2ANpTNdtMu3WzC7kQooT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5hKYdDzvp3S2vrG5lZ5u7Kzu7d/4B4etUySacabLJGJ7oTUcCkUb6JAyTup5jQOJW+H49tZvf3EtRGJesRJyoOYDpWIBKNorYe0P+67Va/mzUVWwS+gCoUafferN0hYFnOFTFJjur6XYpBTjYJJPq30MsNTysZ0yLsWFY25CfL5qlNyZp0BiRJtn0Iyd39P5DQ2ZhKHtjOmODLLtZn5X62bYXQd5EKlGXLFFh9FmSSYkNndZCA0ZygnFijTwu5K2IhqytCmU7Eh+Msnr0LrouZbvr+s1m+KOMpwAqdwDj5cQR3uoAFNYDCEZ3iFN0c6L86787FoLTnFzDH8kfP5A1dqjdI=</latexit>

st
<latexit sha1_base64="YIN2fe3C3Rk2qiX6U7kLtT/L5uM=">AAAB6nicbZBNS8NAEIYn9avWr6hHL4tF8FQSEfRY9OKxov2ANpTNdtMu3WzC7kQooT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5hKYdDzvp3S2vrG5lZ5u7Kzu7d/4B4etUySacabLJGJ7oTUcCkUb6JAyTup5jQOJW+H49tZvf3EtRGJesRJyoOYDpWIBKNorQfTx75b9WreXGQV/AKqUKjRd796g4RlMVfIJDWm63spBjnVKJjk00ovMzylbEyHvGtR0ZibIJ+vOiVn1hmQKNH2KSRz9/dETmNjJnFoO2OKI7Ncm5n/1boZRtdBLlSaIVds8VGUSYIJmd1NBkJzhnJigTIt7K6EjaimDG06FRuCv3zyKrQuar7l+8tq/aaIowwncArn4MMV1OEOGtAEBkN4hld4c6Tz4rw7H4vWklPMHMMfOZ8/aaCN3g==</latexit><latexit sha1_base64="YIN2fe3C3Rk2qiX6U7kLtT/L5uM=">AAAB6nicbZBNS8NAEIYn9avWr6hHL4tF8FQSEfRY9OKxov2ANpTNdtMu3WzC7kQooT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5hKYdDzvp3S2vrG5lZ5u7Kzu7d/4B4etUySacabLJGJ7oTUcCkUb6JAyTup5jQOJW+H49tZvf3EtRGJesRJyoOYDpWIBKNorQfTx75b9WreXGQV/AKqUKjRd796g4RlMVfIJDWm63spBjnVKJjk00ovMzylbEyHvGtR0ZibIJ+vOiVn1hmQKNH2KSRz9/dETmNjJnFoO2OKI7Ncm5n/1boZRtdBLlSaIVds8VGUSYIJmd1NBkJzhnJigTIt7K6EjaimDG06FRuCv3zyKrQuar7l+8tq/aaIowwncArn4MMV1OEOGtAEBkN4hld4c6Tz4rw7H4vWklPMHMMfOZ8/aaCN3g==</latexit><latexit sha1_base64="YIN2fe3C3Rk2qiX6U7kLtT/L5uM=">AAAB6nicbZBNS8NAEIYn9avWr6hHL4tF8FQSEfRY9OKxov2ANpTNdtMu3WzC7kQooT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5hKYdDzvp3S2vrG5lZ5u7Kzu7d/4B4etUySacabLJGJ7oTUcCkUb6JAyTup5jQOJW+H49tZvf3EtRGJesRJyoOYDpWIBKNorQfTx75b9WreXGQV/AKqUKjRd796g4RlMVfIJDWm63spBjnVKJjk00ovMzylbEyHvGtR0ZibIJ+vOiVn1hmQKNH2KSRz9/dETmNjJnFoO2OKI7Ncm5n/1boZRtdBLlSaIVds8VGUSYIJmd1NBkJzhnJigTIt7K6EjaimDG06FRuCv3zyKrQuar7l+8tq/aaIowwncArn4MMV1OEOGtAEBkN4hld4c6Tz4rw7H4vWklPMHMMfOZ8/aaCN3g==</latexit><latexit sha1_base64="YIN2fe3C3Rk2qiX6U7kLtT/L5uM=">AAAB6nicbZBNS8NAEIYn9avWr6hHL4tF8FQSEfRY9OKxov2ANpTNdtMu3WzC7kQooT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5hKYdDzvp3S2vrG5lZ5u7Kzu7d/4B4etUySacabLJGJ7oTUcCkUb6JAyTup5jQOJW+H49tZvf3EtRGJesRJyoOYDpWIBKNorQfTx75b9WreXGQV/AKqUKjRd796g4RlMVfIJDWm63spBjnVKJjk00ovMzylbEyHvGtR0ZibIJ+vOiVn1hmQKNH2KSRz9/dETmNjJnFoO2OKI7Ncm5n/1boZRtdBLlSaIVds8VGUSYIJmd1NBkJzhnJigTIt7K6EjaimDG06FRuCv3zyKrQuar7l+8tq/aaIowwncArn4MMV1OEOGtAEBkN4hld4c6Tz4rw7H4vWklPMHMMfOZ8/aaCN3g==</latexit>

st+1
<latexit sha1_base64="3GXIeeaS0w/F6pOQO6igMJ1tOE0=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tFEISSiKDHohePFewHtKFstpt26WYTdidCCf0RXjwo4tXf481/46bNQVtfWHh4Z4adeYNECoOu++2U1tY3NrfK25Wd3b39g+rhUdvEqWa8xWIZ625ADZdC8RYKlLybaE6jQPJOMLnL650nro2I1SNOE+5HdKREKBhFa3XMIMMLbzao1ty6OxdZBa+AGhRqDqpf/WHM0ogrZJIa0/PcBP2MahRM8lmlnxqeUDahI96zqGjEjZ/N152RM+sMSRhr+xSSuft7IqORMdMosJ0RxbFZruXmf7VeiuGNnwmVpMgVW3wUppJgTPLbyVBozlBOLVCmhd2VsDHVlKFNqGJD8JZPXoX2Zd2z/HBVa9wWcZThBE7hHDy4hgbcQxNawGACz/AKb07ivDjvzseiteQUM8fwR87nDwfgj1o=</latexit><latexit sha1_base64="3GXIeeaS0w/F6pOQO6igMJ1tOE0=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tFEISSiKDHohePFewHtKFstpt26WYTdidCCf0RXjwo4tXf481/46bNQVtfWHh4Z4adeYNECoOu++2U1tY3NrfK25Wd3b39g+rhUdvEqWa8xWIZ625ADZdC8RYKlLybaE6jQPJOMLnL650nro2I1SNOE+5HdKREKBhFa3XMIMMLbzao1ty6OxdZBa+AGhRqDqpf/WHM0ogrZJIa0/PcBP2MahRM8lmlnxqeUDahI96zqGjEjZ/N152RM+sMSRhr+xSSuft7IqORMdMosJ0RxbFZruXmf7VeiuGNnwmVpMgVW3wUppJgTPLbyVBozlBOLVCmhd2VsDHVlKFNqGJD8JZPXoX2Zd2z/HBVa9wWcZThBE7hHDy4hgbcQxNawGACz/AKb07ivDjvzseiteQUM8fwR87nDwfgj1o=</latexit><latexit sha1_base64="3GXIeeaS0w/F6pOQO6igMJ1tOE0=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tFEISSiKDHohePFewHtKFstpt26WYTdidCCf0RXjwo4tXf481/46bNQVtfWHh4Z4adeYNECoOu++2U1tY3NrfK25Wd3b39g+rhUdvEqWa8xWIZ625ADZdC8RYKlLybaE6jQPJOMLnL650nro2I1SNOE+5HdKREKBhFa3XMIMMLbzao1ty6OxdZBa+AGhRqDqpf/WHM0ogrZJIa0/PcBP2MahRM8lmlnxqeUDahI96zqGjEjZ/N152RM+sMSRhr+xSSuft7IqORMdMosJ0RxbFZruXmf7VeiuGNnwmVpMgVW3wUppJgTPLbyVBozlBOLVCmhd2VsDHVlKFNqGJD8JZPXoX2Zd2z/HBVa9wWcZThBE7hHDy4hgbcQxNawGACz/AKb07ivDjvzseiteQUM8fwR87nDwfgj1o=</latexit><latexit sha1_base64="3GXIeeaS0w/F6pOQO6igMJ1tOE0=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tFEISSiKDHohePFewHtKFstpt26WYTdidCCf0RXjwo4tXf481/46bNQVtfWHh4Z4adeYNECoOu++2U1tY3NrfK25Wd3b39g+rhUdvEqWa8xWIZ625ADZdC8RYKlLybaE6jQPJOMLnL650nro2I1SNOE+5HdKREKBhFa3XMIMMLbzao1ty6OxdZBa+AGhRqDqpf/WHM0ogrZJIa0/PcBP2MahRM8lmlnxqeUDahI96zqGjEjZ/N152RM+sMSRhr+xSSuft7IqORMdMosJ0RxbFZruXmf7VeiuGNnwmVpMgVW3wUppJgTPLbyVBozlBOLVCmhd2VsDHVlKFNqGJD8JZPXoX2Zd2z/HBVa9wWcZThBE7hHDy4hgbcQxNawGACz/AKb07ivDjvzseiteQUM8fwR87nDwfgj1o=</latexit>
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Preliminary results: pushing objects  on crowded  table

Compare likelihood on held-out data
• Learned rule-based model
• Neural network trained on vector of attributes of all objects
• Pushed object always first
• Other objects sorted by distance from first



Sparse rules learn with less data (3 objects in all scenes)
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Sparse rules unaffected by clutter
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Very recent results with graphNN
• better predictive likelihood
• not sparse for planning

Allen, Silver, now



Learning a new operator

1. Determine which other objects may affect or be affected by this policy

• Old approach (Pasula, Zettlemoyer, K)

• Preliminary new approach (Xia, Wang, K)

2. Learn detailed relation on properties of all these objects that predicts 
when the  policy will have its intended  effect

• Gaussian process method also supports planning 
(Wang, Garrett,  K, Lozano-Perez)



Result: Contains(Dest, Liquid)
Skill: Pour(Gain) 
Preimage:
• Contains(Source, Liquid)
• Holding(Source, Grasp)
• Shape(Source) = (Swidth, Sheight)
• Shape(Dest) = (Dwidth, Dheight)
• RelPose(Source, Dest) = (Rx, Ry)
• Constraint(Sw, Sh, Dw, Dh, Rx, Ry, Grasp, Gain)

Operator description for planning:
when will skill achieve result?

Gain

Rx, Ry

Dheight

Dwidth

Sheight

Swidth

Grasp

Wang, Garrett, K, Lozano-Perez; IROS 2018

Infer2Control Workshop
Saturday 3:30PM



Preliminary results on robot (learning constraint only)

Substantial variability in
• starting arrangement
• goal

Given pick/place operators
Learned pour and push



Lots to do

• Quantify "epistemic" uncertainty in learned models

• Combine with active learning approach

• Extend to partial observability

Infer2Control Workshop
Saturday 3:30 PM

RL in POMDP Workshop
Saturday 9:05 AM



Thanks.  And out-takes to watch during questions


