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Research goal:  
understand the computational mechanisms 
necessary to make 
a general-purpose intelligent robot



Proxy: Make tea in a kitchen you’ve never been in before





Doing for our robots what nature did for us
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Robot Factory

The Wild



Designing the robot factory: a hard job!!

1.  Reverse-engineer  humans
• hard biology!
• limited applicability

2.  Engineers write pi
• hard engineering!

3.  Recapitulate  evolution
• slow!



Use insights from neuroscience, physics, engineering
to bias learning in the factory to learn in the wild



A quick bit of lpk history

1985:  Flakey
lpk learns to navigate

1988:  reinventing the RL  wheel

1990:  Spanky learns to navigate

1995:  disillusionment



Build in general algorithms, learn models

Domain-dependent
• transition models
• inference rules
• search control

• convolution in space and time
• kinematics
• path planning
• forward/backward causal inference

• abstraction over objects
• state abstraction/aggregation
• temporal abstraction
• state estimation, data association

General representation and inference mechanisms:



BHPN: Belief-space Hierarchical Planning in the Now

Commitments
• objects
• properties
• 3D space
• compositional motor primitives
• model-predictive control
• temporal intention hierarchy
• explicit representation of

uncertainty

Kaelbling, Lozano-Perez: ICRA11, ISRR11, IJRR13, ICRA16



BHPN: Same code (almost), different start, goal, domain, robot

All learning was done by 
lpk and tlp, not the robot!



An old robot can learn new tricks!

• convolution in space and time
• kinematics
• path planning
• forward/backward causal inference

• abstraction over objects
• state abstraction/aggregation
• temporal abstraction
• state estimation, data association

Build in general representation and inference mechanisms:

Learned
• transi\on models
• inference rules
• search control



Varieties of learning

State 
estimator Planner

Perception Controller

belief actionobservations

object types
of interest

intentionspredictions

viewpoint,
etc primitive 

policies
object 

detectors

search heuristic

hierarchical 
decomposition

reconsideration 
strategy

attention 
strategy

observa\on 
model

transition 
model

learning about the world
learning to reason

action samplers

initialization
strategies

MCMC
samplers



Learning transition model for planning

State 
estimator Planner

Perception Controller

belief actionobservations

object types
of interest

intentionspredictions

viewpoint,
etc

transi\on 
model

learning about the world
learning to reason

action samplers



Dynamics modeling in large hybrid domains

Pure forward  search (MCTS, IW) unlikely to  work
• infinite branching factor
• dimensionality-reducing (or tight) constraints

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) 

Need factored, sparse, constraint-based 
model of action effects



How can a competent robot acquire a new ability?

• Learn new primi\ve skill 
• Examples: Cu`ng, pushing, s\rring, pouring,

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

objec\ve, possibly parameterized

• Add that skill to exis\ng skill set to accomplish new goals!
• For flexibility, use a general-purpose planner
• Learn descrip\on of skill's precondi\ons and effects
• Representa\on should generalize over objects, loca\ons, etc.

Most robot learning

Our focus



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)

Factored, sparse dynamics model:
when will skill achieve result?

Gain

Rx, Ry

Dheight

Dwidth

Sheight

Swidth

Grasp

Learn efficiently to plan efficiently



Learning the operator constraint:
supervised training

Gaussian Process
Regression

Labeled training data

GRIPPER

Sw, Sh, Dw, Dh, Rx, Ry, Grasp, Gain score

labeled training data

constraint(✓) ⌘ g(✓) > 0
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g(✓)
<latexit sha1_base64="0TG2Jj1Ntj2XS3jvblVHMtFBxu4=">AAAB8HicbVBNS8NAEN3Ur1q/qh69LBahXkoigh6LXjxWsB/ShrLZTtqlu0nYnQgl9Fd48aCIV3+ON/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUc2jyWMa6EzADUkTQRIESOokGpgIJ7WB8O/PbT6CNiKMHnCTgKzaMRCg4Qys9Dqs9HAGy83654tbcOegq8XJSITka/fJXbxDzVEGEXDJjup6boJ8xjYJLmJZ6qYGE8TEbQtfSiCkwfjY/eErPrDKgYaxtRUjn6u+JjCljJiqwnYrhyCx7M/E/r5tieO1nIkpShIgvFoWppBjT2fd0IDRwlBNLGNfC3kr5iGnG0WZUsiF4yy+vktZFzXNr3v1lpX6Tx1EkJ+SUVIlHrkid3JEGaRJOFHkmr+TN0c6L8+58LFoLTj5zTP7A+fwBMIeP/g==</latexit><latexit sha1_base64="0TG2Jj1Ntj2XS3jvblVHMtFBxu4=">AAAB8HicbVBNS8NAEN3Ur1q/qh69LBahXkoigh6LXjxWsB/ShrLZTtqlu0nYnQgl9Fd48aCIV3+ON/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUc2jyWMa6EzADUkTQRIESOokGpgIJ7WB8O/PbT6CNiKMHnCTgKzaMRCg4Qys9Dqs9HAGy83654tbcOegq8XJSITka/fJXbxDzVEGEXDJjup6boJ8xjYJLmJZ6qYGE8TEbQtfSiCkwfjY/eErPrDKgYaxtRUjn6u+JjCljJiqwnYrhyCx7M/E/r5tieO1nIkpShIgvFoWppBjT2fd0IDRwlBNLGNfC3kr5iGnG0WZUsiF4yy+vktZFzXNr3v1lpX6Tx1EkJ+SUVIlHrkid3JEGaRJOFHkmr+TN0c6L8+58LFoLTj5zTP7A+fwBMIeP/g==</latexit><latexit sha1_base64="0TG2Jj1Ntj2XS3jvblVHMtFBxu4=">AAAB8HicbVBNS8NAEN3Ur1q/qh69LBahXkoigh6LXjxWsB/ShrLZTtqlu0nYnQgl9Fd48aCIV3+ON/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUc2jyWMa6EzADUkTQRIESOokGpgIJ7WB8O/PbT6CNiKMHnCTgKzaMRCg4Qys9Dqs9HAGy83654tbcOegq8XJSITka/fJXbxDzVEGEXDJjup6boJ8xjYJLmJZ6qYGE8TEbQtfSiCkwfjY/eErPrDKgYaxtRUjn6u+JjCljJiqwnYrhyCx7M/E/r5tieO1nIkpShIgvFoWppBjT2fd0IDRwlBNLGNfC3kr5iGnG0WZUsiF4yy+vktZFzXNr3v1lpX6Tx1EkJ+SUVIlHrkid3JEGaRJOFHkmr+TN0c6L8+58LFoLTj5zTP7A+fwBMIeP/g==</latexit><latexit sha1_base64="0TG2Jj1Ntj2XS3jvblVHMtFBxu4=">AAAB8HicbVBNS8NAEN3Ur1q/qh69LBahXkoigh6LXjxWsB/ShrLZTtqlu0nYnQgl9Fd48aCIV3+ON/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUc2jyWMa6EzADUkTQRIESOokGpgIJ7WB8O/PbT6CNiKMHnCTgKzaMRCg4Qys9Dqs9HAGy83654tbcOegq8XJSITka/fJXbxDzVEGEXDJjup6boJ8xjYJLmJZ6qYGE8TEbQtfSiCkwfjY/eErPrDKgYaxtRUjn6u+JjCljJiqwnYrhyCx7M/E/r5tieO1nIkpShIgvFoWppBjT2fd0IDRwlBNLGNfC3kr5iGnG0WZUsiF4yy+vktZFzXNr3v1lpX6Tx1EkJ+SUVIlHrkid3JEGaRJOFHkmr+TN0c6L8+58LFoLTj5zTP7A+fwBMIeP/g==</latexit>



Gaussian process regression
Represent distribu\on over func\ons!
• ✕ : observa\ons 

• ⎯ : mean 
• ◼ : stdev

• ⎯ : high probability super level set

✓
<latexit sha1_base64="JqEnYvV6PtsKBJYmBVwEpjIMANw=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllplcIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqSw6PvfXmFtfWNzq7hd2tnd2z8oHx41rU4NhwbXUpt2xCxIoaCBAiW0EwMsjiS0ovHtzG89gbFCqwecJBDGbKjEQHCGTmp2cQTIeuWKX/XnoKskyEmF5Kj3yl/dvuZpDAq5ZNZ2Aj/BMGMGBZcwLXVTCwnjYzaEjqOKxWDDbH7tlJ45pU8H2rhSSOfq74mMxdZO4sh1xgxHdtmbif95nRQH12EmVJIiKL5YNEglRU1nr9O+MMBRThxh3Ah3K+UjZhhHF1DJhRAsv7xKmhfVwK8G95eV2k0eR5GckFNyTgJyRWrkjtRJg3DySJ7JK3nztPfivXsfi9aCl88ckz/wPn8Ao/ePKA==</latexit><latexit sha1_base64="JqEnYvV6PtsKBJYmBVwEpjIMANw=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllplcIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqSw6PvfXmFtfWNzq7hd2tnd2z8oHx41rU4NhwbXUpt2xCxIoaCBAiW0EwMsjiS0ovHtzG89gbFCqwecJBDGbKjEQHCGTmp2cQTIeuWKX/XnoKskyEmF5Kj3yl/dvuZpDAq5ZNZ2Aj/BMGMGBZcwLXVTCwnjYzaEjqOKxWDDbH7tlJ45pU8H2rhSSOfq74mMxdZO4sh1xgxHdtmbif95nRQH12EmVJIiKL5YNEglRU1nr9O+MMBRThxh3Ah3K+UjZhhHF1DJhRAsv7xKmhfVwK8G95eV2k0eR5GckFNyTgJyRWrkjtRJg3DySJ7JK3nztPfivXsfi9aCl88ckz/wPn8Ao/ePKA==</latexit><latexit sha1_base64="JqEnYvV6PtsKBJYmBVwEpjIMANw=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllplcIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqSw6PvfXmFtfWNzq7hd2tnd2z8oHx41rU4NhwbXUpt2xCxIoaCBAiW0EwMsjiS0ovHtzG89gbFCqwecJBDGbKjEQHCGTmp2cQTIeuWKX/XnoKskyEmF5Kj3yl/dvuZpDAq5ZNZ2Aj/BMGMGBZcwLXVTCwnjYzaEjqOKxWDDbH7tlJ45pU8H2rhSSOfq74mMxdZO4sh1xgxHdtmbif95nRQH12EmVJIiKL5YNEglRU1nr9O+MMBRThxh3Ah3K+UjZhhHF1DJhRAsv7xKmhfVwK8G95eV2k0eR5GckFNyTgJyRWrkjtRJg3DySJ7JK3nztPfivXsfi9aCl88ckz/wPn8Ao/ePKA==</latexit><latexit sha1_base64="JqEnYvV6PtsKBJYmBVwEpjIMANw=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllplcIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqSw6PvfXmFtfWNzq7hd2tnd2z8oHx41rU4NhwbXUpt2xCxIoaCBAiW0EwMsjiS0ovHtzG89gbFCqwecJBDGbKjEQHCGTmp2cQTIeuWKX/XnoKskyEmF5Kj3yl/dvuZpDAq5ZNZ2Aj/BMGMGBZcwLXVTCwnjYzaEjqOKxWDDbH7tlJ45pU8H2rhSSOfq74mMxdZO4sh1xgxHdtmbif95nRQH12EmVJIiKL5YNEglRU1nr9O+MMBRThxh3Ah3K+UjZhhHF1DJhRAsv7xKmhfVwK8G95eV2k0eR5GckFNyTgJyRWrkjtRJg3DySJ7JK3nztPfivXsfi9aCl88ckz/wPn8Ao/ePKA==</latexit>

g(✓)
<latexit sha1_base64="0TG2Jj1Ntj2XS3jvblVHMtFBxu4=">AAAB8HicbVBNS8NAEN3Ur1q/qh69LBahXkoigh6LXjxWsB/ShrLZTtqlu0nYnQgl9Fd48aCIV3+ON/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUc2jyWMa6EzADUkTQRIESOokGpgIJ7WB8O/PbT6CNiKMHnCTgKzaMRCg4Qys9Dqs9HAGy83654tbcOegq8XJSITka/fJXbxDzVEGEXDJjup6boJ8xjYJLmJZ6qYGE8TEbQtfSiCkwfjY/eErPrDKgYaxtRUjn6u+JjCljJiqwnYrhyCx7M/E/r5tieO1nIkpShIgvFoWppBjT2fd0IDRwlBNLGNfC3kr5iGnG0WZUsiF4yy+vktZFzXNr3v1lpX6Tx1EkJ+SUVIlHrkid3JEGaRJOFHkmr+TN0c6L8+58LFoLTj5zTP7A+fwBMIeP/g==</latexit><latexit sha1_base64="0TG2Jj1Ntj2XS3jvblVHMtFBxu4=">AAAB8HicbVBNS8NAEN3Ur1q/qh69LBahXkoigh6LXjxWsB/ShrLZTtqlu0nYnQgl9Fd48aCIV3+ON/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUc2jyWMa6EzADUkTQRIESOokGpgIJ7WB8O/PbT6CNiKMHnCTgKzaMRCg4Qys9Dqs9HAGy83654tbcOegq8XJSITka/fJXbxDzVEGEXDJjup6boJ8xjYJLmJZ6qYGE8TEbQtfSiCkwfjY/eErPrDKgYaxtRUjn6u+JjCljJiqwnYrhyCx7M/E/r5tieO1nIkpShIgvFoWppBjT2fd0IDRwlBNLGNfC3kr5iGnG0WZUsiF4yy+vktZFzXNr3v1lpX6Tx1EkJ+SUVIlHrkid3JEGaRJOFHkmr+TN0c6L8+58LFoLTj5zTP7A+fwBMIeP/g==</latexit><latexit sha1_base64="0TG2Jj1Ntj2XS3jvblVHMtFBxu4=">AAAB8HicbVBNS8NAEN3Ur1q/qh69LBahXkoigh6LXjxWsB/ShrLZTtqlu0nYnQgl9Fd48aCIV3+ON/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUc2jyWMa6EzADUkTQRIESOokGpgIJ7WB8O/PbT6CNiKMHnCTgKzaMRCg4Qys9Dqs9HAGy83654tbcOegq8XJSITka/fJXbxDzVEGEXDJjup6boJ8xjYJLmJZ6qYGE8TEbQtfSiCkwfjY/eErPrDKgYaxtRUjn6u+JjCljJiqwnYrhyCx7M/E/r5tieO1nIkpShIgvFoWppBjT2fd0IDRwlBNLGNfC3kr5iGnG0WZUsiF4yy+vktZFzXNr3v1lpX6Tx1EkJ+SUVIlHrkid3JEGaRJOFHkmr+TN0c6L8+58LFoLTj5zTP7A+fwBMIeP/g==</latexit><latexit sha1_base64="0TG2Jj1Ntj2XS3jvblVHMtFBxu4=">AAAB8HicbVBNS8NAEN3Ur1q/qh69LBahXkoigh6LXjxWsB/ShrLZTtqlu0nYnQgl9Fd48aCIV3+ON/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUc2jyWMa6EzADUkTQRIESOokGpgIJ7WB8O/PbT6CNiKMHnCTgKzaMRCg4Qys9Dqs9HAGy83654tbcOegq8XJSITka/fJXbxDzVEGEXDJjup6boJ8xjYJLmJZ6qYGE8TEbQtfSiCkwfjY/eErPrDKgYaxtRUjn6u+JjCljJiqwnYrhyCx7M/E/r5tieO1nIkpShIgvFoWppBjT2fd0IDRwlBNLGNfC3kr5iGnG0WZUsiF4yy+vktZFzXNr3v1lpX6Tx1EkJ+SUVIlHrkid3JEGaRJOFHkmr+TN0c6L8+58LFoLTj5zTP7A+fwBMIeP/g==</latexit>

constraint(✓) ⌘ g(✓) > 0
<latexit sha1_base64="lBPr34DqUBiXujgBrQaqNIzeNAE=">AAACF3icbVBNS8NAEN34bf2KevSyWIR6KYkIehLRi8cKtgpNKZvtpF3cbOLupFhC/4UX/4oXD4p41Zv/xm0NotUHA4/3ZpiZF6ZSGPS8D2dqemZ2bn5hsbS0vLK65q5vNEySaQ51nshEX4XMgBQK6ihQwlWqgcWhhMvw+nTkX/ZBG5GoCxyk0IpZV4lIcIZWarvVAOEWc54og5oJhcNKgD1AtksDuMlEn3a/hSPqtd2yV/XGoH+JX5AyKVBru+9BJ+FZDAq5ZMY0fS/FVs40Ci5hWAoyAynj16wLTUsVi8G08vFfQ7pjlQ6NEm1LIR2rPydyFhsziEPbGTPsmUlvJP7nNTOMDlu5UGmGoPjXoiiTFBM6Col2hAaOcmAJ41rYWynvMc042ihLNgR/8uW/pLFX9b2qf75fPj4p4lggW2SbVIhPDsgxOSM1Uiec3JEH8kSenXvn0XlxXr9ap5xiZpP8gvP2CS6KnzY=</latexit><latexit sha1_base64="lBPr34DqUBiXujgBrQaqNIzeNAE=">AAACF3icbVBNS8NAEN34bf2KevSyWIR6KYkIehLRi8cKtgpNKZvtpF3cbOLupFhC/4UX/4oXD4p41Zv/xm0NotUHA4/3ZpiZF6ZSGPS8D2dqemZ2bn5hsbS0vLK65q5vNEySaQ51nshEX4XMgBQK6ihQwlWqgcWhhMvw+nTkX/ZBG5GoCxyk0IpZV4lIcIZWarvVAOEWc54og5oJhcNKgD1AtksDuMlEn3a/hSPqtd2yV/XGoH+JX5AyKVBru+9BJ+FZDAq5ZMY0fS/FVs40Ci5hWAoyAynj16wLTUsVi8G08vFfQ7pjlQ6NEm1LIR2rPydyFhsziEPbGTPsmUlvJP7nNTOMDlu5UGmGoPjXoiiTFBM6Col2hAaOcmAJ41rYWynvMc042ihLNgR/8uW/pLFX9b2qf75fPj4p4lggW2SbVIhPDsgxOSM1Uiec3JEH8kSenXvn0XlxXr9ap5xiZpP8gvP2CS6KnzY=</latexit><latexit sha1_base64="lBPr34DqUBiXujgBrQaqNIzeNAE=">AAACF3icbVBNS8NAEN34bf2KevSyWIR6KYkIehLRi8cKtgpNKZvtpF3cbOLupFhC/4UX/4oXD4p41Zv/xm0NotUHA4/3ZpiZF6ZSGPS8D2dqemZ2bn5hsbS0vLK65q5vNEySaQ51nshEX4XMgBQK6ihQwlWqgcWhhMvw+nTkX/ZBG5GoCxyk0IpZV4lIcIZWarvVAOEWc54og5oJhcNKgD1AtksDuMlEn3a/hSPqtd2yV/XGoH+JX5AyKVBru+9BJ+FZDAq5ZMY0fS/FVs40Ci5hWAoyAynj16wLTUsVi8G08vFfQ7pjlQ6NEm1LIR2rPydyFhsziEPbGTPsmUlvJP7nNTOMDlu5UGmGoPjXoiiTFBM6Col2hAaOcmAJ41rYWynvMc042ihLNgR/8uW/pLFX9b2qf75fPj4p4lggW2SbVIhPDsgxOSM1Uiec3JEH8kSenXvn0XlxXr9ap5xiZpP8gvP2CS6KnzY=</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="QNdxm2Myl1Ty66YCvgzqeqNGrOE=">AAACDHicbZDNSgMxFIXv1P9adXTrJiiCbsqMG12J4MZlBatCp5RMetuGZjJjcqdYhr6FG1/FjQtFXLvzbUxrEa0eCHyck3BzT5wpaSkIPrzS3PzC4tLySnm1sra+4W9WrmyaG4F1karU3MTcopIa6yRJ4U1mkCexwuu4fzbOrwdorEz1JQ0zbCa8q2VHCk7OavnViPCOCpFqS4ZLTaP9iHpI/IBFeJvLAet+GycsaPm7QTWYiP2FcAq7MFWt5b9H7VTkCWoSilvbCIOMmgU3JIXCUTnKLWZc9HkXGw41T9A2i8leI7bnnDbrpMYdTWzi/nxR8MTaYRK7mwmnnp3NxuZ/WSOnznGzkDrLCbX4GtTJFaOUjUtibWlQkBo64MJI91cmetxwQa7KsishnF35L1wdVsOgGl4EsAzbsAP7EMIRnMI51KAOAu7hEZ7hxXvwnrzXr7pK3rS3Lfgl7+0TWcmdtA==</latexit><latexit sha1_base64="QNdxm2Myl1Ty66YCvgzqeqNGrOE=">AAACDHicbZDNSgMxFIXv1P9adXTrJiiCbsqMG12J4MZlBatCp5RMetuGZjJjcqdYhr6FG1/FjQtFXLvzbUxrEa0eCHyck3BzT5wpaSkIPrzS3PzC4tLySnm1sra+4W9WrmyaG4F1karU3MTcopIa6yRJ4U1mkCexwuu4fzbOrwdorEz1JQ0zbCa8q2VHCk7OavnViPCOCpFqS4ZLTaP9iHpI/IBFeJvLAet+GycsaPm7QTWYiP2FcAq7MFWt5b9H7VTkCWoSilvbCIOMmgU3JIXCUTnKLWZc9HkXGw41T9A2i8leI7bnnDbrpMYdTWzi/nxR8MTaYRK7mwmnnp3NxuZ/WSOnznGzkDrLCbX4GtTJFaOUjUtibWlQkBo64MJI91cmetxwQa7KsishnF35L1wdVsOgGl4EsAzbsAP7EMIRnMI51KAOAu7hEZ7hxXvwnrzXr7pK3rS3Lfgl7+0TWcmdtA==</latexit><latexit sha1_base64="litWqRDc6DbdvbPVqkHmG5Tdbus=">AAACF3icbVDLSgNBEJz1GeMr6tHLYBDiJex60ZMEvXiMYB6QDWF20kmGzM6uM73BsOQvvPgrXjwo4lVv/o2TB6KJBQ1FVTfdXUEshUHX/XKWlldW19YzG9nNre2d3dzeftVEieZQ4ZGMdD1gBqRQUEGBEuqxBhYGEmpB/2rs1wagjYjULQ5jaIasq0RHcIZWauWKPsI9pjxSBjUTCkcFH3uA7IT6cJeIAe3+CBfUbeXybtGdgC4Sb0byZIZyK/fptyOehKCQS2ZMw3NjbKZMo+ASRlk/MRAz3mddaFiqWAimmU7+GtFjq7RpJ9K2FNKJ+nsiZaExwzCwnSHDnpn3xuJ/XiPBznkzFSpOEBSfLuokkmJExyHRttDAUQ4tYVwLeyvlPaYZRxtl1obgzb+8SKqnRc8tejduvnQ5iyNDDskRKRCPnJESuSZlUiGcPJAn8kJenUfn2Xlz3qetS85s5oD8gfPxDS1KnzI=</latexit><latexit sha1_base64="lBPr34DqUBiXujgBrQaqNIzeNAE=">AAACF3icbVBNS8NAEN34bf2KevSyWIR6KYkIehLRi8cKtgpNKZvtpF3cbOLupFhC/4UX/4oXD4p41Zv/xm0NotUHA4/3ZpiZF6ZSGPS8D2dqemZ2bn5hsbS0vLK65q5vNEySaQ51nshEX4XMgBQK6ihQwlWqgcWhhMvw+nTkX/ZBG5GoCxyk0IpZV4lIcIZWarvVAOEWc54og5oJhcNKgD1AtksDuMlEn3a/hSPqtd2yV/XGoH+JX5AyKVBru+9BJ+FZDAq5ZMY0fS/FVs40Ci5hWAoyAynj16wLTUsVi8G08vFfQ7pjlQ6NEm1LIR2rPydyFhsziEPbGTPsmUlvJP7nNTOMDlu5UGmGoPjXoiiTFBM6Col2hAaOcmAJ41rYWynvMc042ihLNgR/8uW/pLFX9b2qf75fPj4p4lggW2SbVIhPDsgxOSM1Uiec3JEH8kSenXvn0XlxXr9ap5xiZpP8gvP2CS6KnzY=</latexit><latexit sha1_base64="lBPr34DqUBiXujgBrQaqNIzeNAE=">AAACF3icbVBNS8NAEN34bf2KevSyWIR6KYkIehLRi8cKtgpNKZvtpF3cbOLupFhC/4UX/4oXD4p41Zv/xm0NotUHA4/3ZpiZF6ZSGPS8D2dqemZ2bn5hsbS0vLK65q5vNEySaQ51nshEX4XMgBQK6ihQwlWqgcWhhMvw+nTkX/ZBG5GoCxyk0IpZV4lIcIZWarvVAOEWc54og5oJhcNKgD1AtksDuMlEn3a/hSPqtd2yV/XGoH+JX5AyKVBru+9BJ+FZDAq5ZMY0fS/FVs40Ci5hWAoyAynj16wLTUsVi8G08vFfQ7pjlQ6NEm1LIR2rPydyFhsziEPbGTPsmUlvJP7nNTOMDlu5UGmGoPjXoiiTFBM6Col2hAaOcmAJ41rYWynvMc042ihLNgR/8uW/pLFX9b2qf75fPj4p4lggW2SbVIhPDsgxOSM1Uiec3JEH8kSenXvn0XlxXr9ap5xiZpP8gvP2CS6KnzY=</latexit><latexit sha1_base64="lBPr34DqUBiXujgBrQaqNIzeNAE=">AAACF3icbVBNS8NAEN34bf2KevSyWIR6KYkIehLRi8cKtgpNKZvtpF3cbOLupFhC/4UX/4oXD4p41Zv/xm0NotUHA4/3ZpiZF6ZSGPS8D2dqemZ2bn5hsbS0vLK65q5vNEySaQ51nshEX4XMgBQK6ihQwlWqgcWhhMvw+nTkX/ZBG5GoCxyk0IpZV4lIcIZWarvVAOEWc54og5oJhcNKgD1AtksDuMlEn3a/hSPqtd2yV/XGoH+JX5AyKVBru+9BJ+FZDAq5ZMY0fS/FVs40Ci5hWAoyAynj16wLTUsVi8G08vFfQ7pjlQ6NEm1LIR2rPydyFhsziEPbGTPsmUlvJP7nNTOMDlu5UGmGoPjXoiiTFBM6Col2hAaOcmAJ41rYWynvMc042ihLNgR/8uW/pLFX9b2qf75fPj4p4lggW2SbVIhPDsgxOSM1Uiec3JEH8kSenXvn0XlxXr9ap5xiZpP8gvP2CS6KnzY=</latexit><latexit sha1_base64="lBPr34DqUBiXujgBrQaqNIzeNAE=">AAACF3icbVBNS8NAEN34bf2KevSyWIR6KYkIehLRi8cKtgpNKZvtpF3cbOLupFhC/4UX/4oXD4p41Zv/xm0NotUHA4/3ZpiZF6ZSGPS8D2dqemZ2bn5hsbS0vLK65q5vNEySaQ51nshEX4XMgBQK6ihQwlWqgcWhhMvw+nTkX/ZBG5GoCxyk0IpZV4lIcIZWarvVAOEWc54og5oJhcNKgD1AtksDuMlEn3a/hSPqtd2yV/XGoH+JX5AyKVBru+9BJ+FZDAq5ZMY0fS/FVs40Ci5hWAoyAynj16wLTUsVi8G08vFfQ7pjlQ6NEm1LIR2rPydyFhsziEPbGTPsmUlvJP7nNTOMDlu5UGmGoPjXoiiTFBM6Col2hAaOcmAJ41rYWynvMc042ihLNgR/8uW/pLFX9b2qf75fPj4p4lggW2SbVIhPDsgxOSM1Uiec3JEH8kSenXvn0XlxXr9ap5xiZpP8gvP2CS6KnzY=</latexit><latexit sha1_base64="lBPr34DqUBiXujgBrQaqNIzeNAE=">AAACF3icbVBNS8NAEN34bf2KevSyWIR6KYkIehLRi8cKtgpNKZvtpF3cbOLupFhC/4UX/4oXD4p41Zv/xm0NotUHA4/3ZpiZF6ZSGPS8D2dqemZ2bn5hsbS0vLK65q5vNEySaQ51nshEX4XMgBQK6ihQwlWqgcWhhMvw+nTkX/ZBG5GoCxyk0IpZV4lIcIZWarvVAOEWc54og5oJhcNKgD1AtksDuMlEn3a/hSPqtd2yV/XGoH+JX5AyKVBru+9BJ+FZDAq5ZMY0fS/FVs40Ci5hWAoyAynj16wLTUsVi8G08vFfQ7pjlQ6NEm1LIR2rPydyFhsziEPbGTPsmUlvJP7nNTOMDlu5UGmGoPjXoiiTFBM6Col2hAaOcmAJ41rYWynvMc042ihLNgR/8uW/pLFX9b2qf75fPj4p4lggW2SbVIhPDsgxOSM1Uiec3JEH8kSenXvn0XlxXr9ap5xiZpP8gvP2CS6KnzY=</latexit><latexit sha1_base64="lBPr34DqUBiXujgBrQaqNIzeNAE=">AAACF3icbVBNS8NAEN34bf2KevSyWIR6KYkIehLRi8cKtgpNKZvtpF3cbOLupFhC/4UX/4oXD4p41Zv/xm0NotUHA4/3ZpiZF6ZSGPS8D2dqemZ2bn5hsbS0vLK65q5vNEySaQ51nshEX4XMgBQK6ihQwlWqgcWhhMvw+nTkX/ZBG5GoCxyk0IpZV4lIcIZWarvVAOEWc54og5oJhcNKgD1AtksDuMlEn3a/hSPqtd2yV/XGoH+JX5AyKVBru+9BJ+FZDAq5ZMY0fS/FVs40Ci5hWAoyAynj16wLTUsVi8G08vFfQ7pjlQ6NEm1LIR2rPydyFhsziEPbGTPsmUlvJP7nNTOMDlu5UGmGoPjXoiiTFBM6Col2hAaOcmAJ41rYWynvMc042ihLNgR/8uW/pLFX9b2qf75fPj4p4lggW2SbVIhPDsgxOSM1Uiec3JEH8kSenXvn0XlxXr9ap5xiZpP8gvP2CS6KnzY=</latexit>

0
<latexit sha1_base64="6ZTwbptvK00HUiMuNssEoeJJPkc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AeRmMtA==</latexit><latexit sha1_base64="6ZTwbptvK00HUiMuNssEoeJJPkc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AeRmMtA==</latexit><latexit sha1_base64="6ZTwbptvK00HUiMuNssEoeJJPkc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AeRmMtA==</latexit><latexit sha1_base64="6ZTwbptvK00HUiMuNssEoeJJPkc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AeRmMtA==</latexit>

(✓i, g(✓i))
<latexit sha1_base64="hC70aPT4iL4SbKLQ+uBnd52bsWE=">AAACAHicbZDLSsNAFIYn9VbrLerChZvBIrQgJRFBl0U3LivYC7QhTKaTduhkEmZOhBK68VXcuFDErY/hzrdx2gbR1h8GPv5zDmfOHySCa3CcL6uwsrq2vlHcLG1t7+zu2fsHLR2nirImjUWsOgHRTHDJmsBBsE6iGIkCwdrB6GZabz8wpXks72GcMC8iA8lDTgkYy7ePKj0YMiA+P8ODH65Wfbvs1JyZ8DK4OZRRroZvf/b6MU0jJoEKonXXdRLwMqKAU8EmpV6qWULoiAxY16AkEdNeNjtggk+N08dhrMyTgGfu74mMRFqPo8B0RgSGerE2Nf+rdVMIr7yMyyQFJul8UZgKDDGepoH7XDEKYmyAUMXNXzEdEkUomMxKJgR38eRlaJ3XXKfm3l2U69d5HEV0jE5QBbnoEtXRLWqgJqJogp7QC3q1Hq1n6816n7cWrHzmEP2R9fEN+42VWg==</latexit><latexit sha1_base64="hC70aPT4iL4SbKLQ+uBnd52bsWE=">AAACAHicbZDLSsNAFIYn9VbrLerChZvBIrQgJRFBl0U3LivYC7QhTKaTduhkEmZOhBK68VXcuFDErY/hzrdx2gbR1h8GPv5zDmfOHySCa3CcL6uwsrq2vlHcLG1t7+zu2fsHLR2nirImjUWsOgHRTHDJmsBBsE6iGIkCwdrB6GZabz8wpXks72GcMC8iA8lDTgkYy7ePKj0YMiA+P8ODH65Wfbvs1JyZ8DK4OZRRroZvf/b6MU0jJoEKonXXdRLwMqKAU8EmpV6qWULoiAxY16AkEdNeNjtggk+N08dhrMyTgGfu74mMRFqPo8B0RgSGerE2Nf+rdVMIr7yMyyQFJul8UZgKDDGepoH7XDEKYmyAUMXNXzEdEkUomMxKJgR38eRlaJ3XXKfm3l2U69d5HEV0jE5QBbnoEtXRLWqgJqJogp7QC3q1Hq1n6816n7cWrHzmEP2R9fEN+42VWg==</latexit><latexit sha1_base64="hC70aPT4iL4SbKLQ+uBnd52bsWE=">AAACAHicbZDLSsNAFIYn9VbrLerChZvBIrQgJRFBl0U3LivYC7QhTKaTduhkEmZOhBK68VXcuFDErY/hzrdx2gbR1h8GPv5zDmfOHySCa3CcL6uwsrq2vlHcLG1t7+zu2fsHLR2nirImjUWsOgHRTHDJmsBBsE6iGIkCwdrB6GZabz8wpXks72GcMC8iA8lDTgkYy7ePKj0YMiA+P8ODH65Wfbvs1JyZ8DK4OZRRroZvf/b6MU0jJoEKonXXdRLwMqKAU8EmpV6qWULoiAxY16AkEdNeNjtggk+N08dhrMyTgGfu74mMRFqPo8B0RgSGerE2Nf+rdVMIr7yMyyQFJul8UZgKDDGepoH7XDEKYmyAUMXNXzEdEkUomMxKJgR38eRlaJ3XXKfm3l2U69d5HEV0jE5QBbnoEtXRLWqgJqJogp7QC3q1Hq1n6816n7cWrHzmEP2R9fEN+42VWg==</latexit><latexit sha1_base64="hC70aPT4iL4SbKLQ+uBnd52bsWE=">AAACAHicbZDLSsNAFIYn9VbrLerChZvBIrQgJRFBl0U3LivYC7QhTKaTduhkEmZOhBK68VXcuFDErY/hzrdx2gbR1h8GPv5zDmfOHySCa3CcL6uwsrq2vlHcLG1t7+zu2fsHLR2nirImjUWsOgHRTHDJmsBBsE6iGIkCwdrB6GZabz8wpXks72GcMC8iA8lDTgkYy7ePKj0YMiA+P8ODH65Wfbvs1JyZ8DK4OZRRroZvf/b6MU0jJoEKonXXdRLwMqKAU8EmpV6qWULoiAxY16AkEdNeNjtggk+N08dhrMyTgGfu74mMRFqPo8B0RgSGerE2Nf+rdVMIr7yMyyQFJul8UZgKDDGepoH7XDEKYmyAUMXNXzEdEkUomMxKJgR38eRlaJ3XXKfm3l2U69d5HEV0jE5QBbnoEtXRLWqgJqJogp7QC3q1Hq1n6816n7cWrHzmEP2R9fEN+42VWg==</latexit>

µ(✓)± 2�(✓)
<latexit sha1_base64="0h9K0u0FtX6Luvcl7+12Rl7u8hE=">AAACCXicbVA9SwNBEN3zM8avU0ubxSDEJtwFQcugjWUE8wG5I+xtNsmS3b1jd04IR1ob/4qNhSK2/gM7/42b5ARNfDDweG+GmXlRIrgBz/tyVlbX1jc2C1vF7Z3dvX334LBp4lRT1qCxiHU7IoYJrlgDOAjWTjQjMhKsFY2up37rnmnDY3UH44SFkgwU73NKwEpdFwcyLQcwZEDOcJBIXMWB4QNJfsSuW/Iq3gx4mfg5KaEc9a77GfRimkqmgApiTMf3EggzooFTwSbFIDUsIXREBqxjqSKSmTCbfTLBp1bp4X6sbSnAM/X3REakMWMZ2U5JYGgWvan4n9dJoX8ZZlwlKTBF54v6qcAQ42ksuMc1oyDGlhCqub0V0yHRhIINr2hD8BdfXibNasX3Kv7teal2lcdRQMfoBJWRjy5QDd2gOmogih7QE3pBr86j8+y8Oe/z1hUnnzlCf+B8fAN3jJjn</latexit><latexit sha1_base64="0h9K0u0FtX6Luvcl7+12Rl7u8hE=">AAACCXicbVA9SwNBEN3zM8avU0ubxSDEJtwFQcugjWUE8wG5I+xtNsmS3b1jd04IR1ob/4qNhSK2/gM7/42b5ARNfDDweG+GmXlRIrgBz/tyVlbX1jc2C1vF7Z3dvX334LBp4lRT1qCxiHU7IoYJrlgDOAjWTjQjMhKsFY2up37rnmnDY3UH44SFkgwU73NKwEpdFwcyLQcwZEDOcJBIXMWB4QNJfsSuW/Iq3gx4mfg5KaEc9a77GfRimkqmgApiTMf3EggzooFTwSbFIDUsIXREBqxjqSKSmTCbfTLBp1bp4X6sbSnAM/X3REakMWMZ2U5JYGgWvan4n9dJoX8ZZlwlKTBF54v6qcAQ42ksuMc1oyDGlhCqub0V0yHRhIINr2hD8BdfXibNasX3Kv7teal2lcdRQMfoBJWRjy5QDd2gOmogih7QE3pBr86j8+y8Oe/z1hUnnzlCf+B8fAN3jJjn</latexit><latexit sha1_base64="0h9K0u0FtX6Luvcl7+12Rl7u8hE=">AAACCXicbVA9SwNBEN3zM8avU0ubxSDEJtwFQcugjWUE8wG5I+xtNsmS3b1jd04IR1ob/4qNhSK2/gM7/42b5ARNfDDweG+GmXlRIrgBz/tyVlbX1jc2C1vF7Z3dvX334LBp4lRT1qCxiHU7IoYJrlgDOAjWTjQjMhKsFY2up37rnmnDY3UH44SFkgwU73NKwEpdFwcyLQcwZEDOcJBIXMWB4QNJfsSuW/Iq3gx4mfg5KaEc9a77GfRimkqmgApiTMf3EggzooFTwSbFIDUsIXREBqxjqSKSmTCbfTLBp1bp4X6sbSnAM/X3REakMWMZ2U5JYGgWvan4n9dJoX8ZZlwlKTBF54v6qcAQ42ksuMc1oyDGlhCqub0V0yHRhIINr2hD8BdfXibNasX3Kv7teal2lcdRQMfoBJWRjy5QDd2gOmogih7QE3pBr86j8+y8Oe/z1hUnnzlCf+B8fAN3jJjn</latexit><latexit sha1_base64="0h9K0u0FtX6Luvcl7+12Rl7u8hE=">AAACCXicbVA9SwNBEN3zM8avU0ubxSDEJtwFQcugjWUE8wG5I+xtNsmS3b1jd04IR1ob/4qNhSK2/gM7/42b5ARNfDDweG+GmXlRIrgBz/tyVlbX1jc2C1vF7Z3dvX334LBp4lRT1qCxiHU7IoYJrlgDOAjWTjQjMhKsFY2up37rnmnDY3UH44SFkgwU73NKwEpdFwcyLQcwZEDOcJBIXMWB4QNJfsSuW/Iq3gx4mfg5KaEc9a77GfRimkqmgApiTMf3EggzooFTwSbFIDUsIXREBqxjqSKSmTCbfTLBp1bp4X6sbSnAM/X3REakMWMZ2U5JYGgWvan4n9dJoX8ZZlwlKTBF54v6qcAQ42ksuMc1oyDGlhCqub0V0yHRhIINr2hD8BdfXibNasX3Kv7teal2lcdRQMfoBJWRjy5QDd2gOmogih7QE3pBr86j8+y8Oe/z1hUnnzlCf+B8fAN3jJjn</latexit>

µ(✓)
<latexit sha1_base64="zxUeXjAq/w1cFjJcU/HOnVwlvxI=">AAAB8nicbVDLSgNBEJz1GeMr6tHLYBDiJeyKoMegF48RzAN2lzA7mSRD5rHM9AphyWd48aCIV7/Gm3/jJNmDJhY0FFXddHclqeAWfP/bW1vf2NzaLu2Ud/f2Dw4rR8dtqzNDWYtqoU03IZYJrlgLOAjWTQ0jMhGsk4zvZn7niRnLtXqEScpiSYaKDzgl4KQwklktghEDctGrVP26PwdeJUFBqqhAs1f5ivqaZpIpoIJYGwZ+CnFODHAq2LQcZZalhI7JkIWOKiKZjfP5yVN87pQ+HmjjSgGeq78nciKtncjEdUoCI7vszcT/vDCDwU2cc5VmwBRdLBpkAoPGs/9xnxtGQUwcIdRwdyumI2IIBZdS2YUQLL+8StqX9cCvBw9X1cZtEUcJnaIzVEMBukYNdI+aqIUo0ugZvaI3D7wX7937WLSuecXMCfoD7/MHyDmQ6Q==</latexit><latexit sha1_base64="zxUeXjAq/w1cFjJcU/HOnVwlvxI=">AAAB8nicbVDLSgNBEJz1GeMr6tHLYBDiJeyKoMegF48RzAN2lzA7mSRD5rHM9AphyWd48aCIV7/Gm3/jJNmDJhY0FFXddHclqeAWfP/bW1vf2NzaLu2Ud/f2Dw4rR8dtqzNDWYtqoU03IZYJrlgLOAjWTQ0jMhGsk4zvZn7niRnLtXqEScpiSYaKDzgl4KQwklktghEDctGrVP26PwdeJUFBqqhAs1f5ivqaZpIpoIJYGwZ+CnFODHAq2LQcZZalhI7JkIWOKiKZjfP5yVN87pQ+HmjjSgGeq78nciKtncjEdUoCI7vszcT/vDCDwU2cc5VmwBRdLBpkAoPGs/9xnxtGQUwcIdRwdyumI2IIBZdS2YUQLL+8StqX9cCvBw9X1cZtEUcJnaIzVEMBukYNdI+aqIUo0ugZvaI3D7wX7937WLSuecXMCfoD7/MHyDmQ6Q==</latexit><latexit sha1_base64="zxUeXjAq/w1cFjJcU/HOnVwlvxI=">AAAB8nicbVDLSgNBEJz1GeMr6tHLYBDiJeyKoMegF48RzAN2lzA7mSRD5rHM9AphyWd48aCIV7/Gm3/jJNmDJhY0FFXddHclqeAWfP/bW1vf2NzaLu2Ud/f2Dw4rR8dtqzNDWYtqoU03IZYJrlgLOAjWTQ0jMhGsk4zvZn7niRnLtXqEScpiSYaKDzgl4KQwklktghEDctGrVP26PwdeJUFBqqhAs1f5ivqaZpIpoIJYGwZ+CnFODHAq2LQcZZalhI7JkIWOKiKZjfP5yVN87pQ+HmjjSgGeq78nciKtncjEdUoCI7vszcT/vDCDwU2cc5VmwBRdLBpkAoPGs/9xnxtGQUwcIdRwdyumI2IIBZdS2YUQLL+8StqX9cCvBw9X1cZtEUcJnaIzVEMBukYNdI+aqIUo0ugZvaI3D7wX7937WLSuecXMCfoD7/MHyDmQ6Q==</latexit><latexit sha1_base64="zxUeXjAq/w1cFjJcU/HOnVwlvxI=">AAAB8nicbVDLSgNBEJz1GeMr6tHLYBDiJeyKoMegF48RzAN2lzA7mSRD5rHM9AphyWd48aCIV7/Gm3/jJNmDJhY0FFXddHclqeAWfP/bW1vf2NzaLu2Ud/f2Dw4rR8dtqzNDWYtqoU03IZYJrlgLOAjWTQ0jMhGsk4zvZn7niRnLtXqEScpiSYaKDzgl4KQwklktghEDctGrVP26PwdeJUFBqqhAs1f5ivqaZpIpoIJYGwZ+CnFODHAq2LQcZZalhI7JkIWOKiKZjfP5yVN87pQ+HmjjSgGeq78nciKtncjEdUoCI7vszcT/vDCDwU2cc5VmwBRdLBpkAoPGs/9xnxtGQUwcIdRwdyumI2IIBZdS2YUQLL+8StqX9cCvBw9X1cZtEUcJnaIzVEMBukYNdI+aqIUo0ugZvaI3D7wX7937WLSuecXMCfoD7/MHyDmQ6Q==</latexit>

{✓ | P (g(✓) > 0) > 0.954}
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Active learning: robot experience is expensive!
Try pouring in situations that will give us the most useful information
• sample to maximize acquisition function

• high values when 
• mean is close to 0 

(near a boundary)
• stdev is high 

(uncertain about the value)

• ⎯ : 
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Straddle algorithm, Bryan et al, NIPS 2016
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Active learning: robot experience is expensive!
Try pouring in situations that will give us the most useful information
• sample to maximize acquisition function

• high values when 
• mean is close to 0 

(near a boundary)
• stdev is high 

(uncertain about the value)

• ⎯ : 
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Straddle algorithm, Bryan et al, NIPS 2016
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Active learning: robot experience is expensive!
Try pouring in situa\ons that will give us the most useful informa\on
• sample to maximize acquisi\on func\on

• high values when 
• mean is close to 0 

(near a boundary)
• stdev is high 

(uncertain about the value)

• ⎯ : 
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Straddle algorithm, Bryan et al, NIPS 2016
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Active learning is data efficient!
Percent successful pouring ac\ons as a func\on of the number of training examples

• ⎯ : randomly chosen  

• ⎯ : neural network classifier

• ⎯ : neural network regression

• ⎯ : GP ac\ve learning
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Sampling for planning: quality and diversity
Given values for some parameters, sample values of the others so that:
• action is likely to be successful

• start with most likely to succeed:

• continue with rejection sampling in

• make more efficient by careful weighted selection of
samples near previously successful ones 

• action differs from previous attempts

{✓ | P (g(✓) > 0) > 0.954}
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argmax
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D(S) = log det(⌅S + I)
<latexit sha1_base64="BWy8Ky7+1HIh1x8K3d+hxC0cpC8=">AAACBHicbVDLSsNAFJ3UV62vqMtuBovQIpREBN0IRV3orlL7gCaWyWTSDp1kwsxEKKELN/6KGxeKuPUj3Pk3TtsstPXAhcM593LvPV7MqFSW9W3klpZXVtfy64WNza3tHXN3ryV5IjBpYs646HhIEkYj0lRUMdKJBUGhx0jbG15O/PYDEZLy6E6NYuKGqB/RgGKktNQzi1flRgWeQ4fxPnR8ospOh9434BG8qfTMklW1poCLxM5ICWSo98wvx+c4CUmkMENSdm0rVm6KhKKYkXHBSSSJER6iPulqGqGQSDedPjGGh1rxYcCFrkjBqfp7IkWhlKPQ050hUgM5703E/7xuooIzN6VRnCgS4dmiIGFQcThJBPpUEKzYSBOEBdW3QjxAAmGlcyvoEOz5lxdJ67hqW1X79qRUu8jiyIMiOABlYINTUAPXoA6aAINH8AxewZvxZLwY78bHrDVnZDP74A+Mzx9DH5VI</latexit><latexit sha1_base64="BWy8Ky7+1HIh1x8K3d+hxC0cpC8=">AAACBHicbVDLSsNAFJ3UV62vqMtuBovQIpREBN0IRV3orlL7gCaWyWTSDp1kwsxEKKELN/6KGxeKuPUj3Pk3TtsstPXAhcM593LvPV7MqFSW9W3klpZXVtfy64WNza3tHXN3ryV5IjBpYs646HhIEkYj0lRUMdKJBUGhx0jbG15O/PYDEZLy6E6NYuKGqB/RgGKktNQzi1flRgWeQ4fxPnR8ospOh9434BG8qfTMklW1poCLxM5ICWSo98wvx+c4CUmkMENSdm0rVm6KhKKYkXHBSSSJER6iPulqGqGQSDedPjGGh1rxYcCFrkjBqfp7IkWhlKPQ050hUgM5703E/7xuooIzN6VRnCgS4dmiIGFQcThJBPpUEKzYSBOEBdW3QjxAAmGlcyvoEOz5lxdJ67hqW1X79qRUu8jiyIMiOABlYINTUAPXoA6aAINH8AxewZvxZLwY78bHrDVnZDP74A+Mzx9DH5VI</latexit><latexit sha1_base64="BWy8Ky7+1HIh1x8K3d+hxC0cpC8=">AAACBHicbVDLSsNAFJ3UV62vqMtuBovQIpREBN0IRV3orlL7gCaWyWTSDp1kwsxEKKELN/6KGxeKuPUj3Pk3TtsstPXAhcM593LvPV7MqFSW9W3klpZXVtfy64WNza3tHXN3ryV5IjBpYs646HhIEkYj0lRUMdKJBUGhx0jbG15O/PYDEZLy6E6NYuKGqB/RgGKktNQzi1flRgWeQ4fxPnR8ospOh9434BG8qfTMklW1poCLxM5ICWSo98wvx+c4CUmkMENSdm0rVm6KhKKYkXHBSSSJER6iPulqGqGQSDedPjGGh1rxYcCFrkjBqfp7IkWhlKPQ050hUgM5703E/7xuooIzN6VRnCgS4dmiIGFQcThJBPpUEKzYSBOEBdW3QjxAAmGlcyvoEOz5lxdJ67hqW1X79qRUu8jiyIMiOABlYINTUAPXoA6aAINH8AxewZvxZLwY78bHrDVnZDP74A+Mzx9DH5VI</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="2yQ/txWDEkmIqEzt1L8zPqhwMcM=">AAAB+XicbZBLSwMxFIXv1FetVUe33QSL0CKUGTe6EQRd6K5S+4DOWDKZtA3NZIYkI5ShCzf+FTcuFPGPuPPfmD4W2nog8HFOws09QcKZ0o7zbeXW1jc2t/LbhZ3i7t6+fVBsqTiVhDZJzGPZCbCinAna1Exz2kkkxVHAaTsYXU3z9iOVisXiXo8T6kd4IFifEayN1bNL15VGFV0gj8cD5IVUV7wOe2igE3Rb7dllp+bMhFbBXUAZFqr37C8vjEkaUaEJx0p1XSfRfoalZoTTScFLFU0wGeEB7RoUOKLKz2ZLTNCxcULUj6U5QqOZ+/tFhiOlxlFgbkZYD9VyNjX/y7qp7p/7GRNJqqkg80H9lCMdo2kjKGSSEs3HBjCRzPwVkSGWmGjTW8GU4C6vvAqt05rr1Nw7B/JQgiOogAtncAk3UIcmEHiCF3iDd+vZerU+5nXlrEVvh/BH1ucP2C6T2Q==</latexit><latexit sha1_base64="2yQ/txWDEkmIqEzt1L8zPqhwMcM=">AAAB+XicbZBLSwMxFIXv1FetVUe33QSL0CKUGTe6EQRd6K5S+4DOWDKZtA3NZIYkI5ShCzf+FTcuFPGPuPPfmD4W2nog8HFOws09QcKZ0o7zbeXW1jc2t/LbhZ3i7t6+fVBsqTiVhDZJzGPZCbCinAna1Exz2kkkxVHAaTsYXU3z9iOVisXiXo8T6kd4IFifEayN1bNL15VGFV0gj8cD5IVUV7wOe2igE3Rb7dllp+bMhFbBXUAZFqr37C8vjEkaUaEJx0p1XSfRfoalZoTTScFLFU0wGeEB7RoUOKLKz2ZLTNCxcULUj6U5QqOZ+/tFhiOlxlFgbkZYD9VyNjX/y7qp7p/7GRNJqqkg80H9lCMdo2kjKGSSEs3HBjCRzPwVkSGWmGjTW8GU4C6vvAqt05rr1Nw7B/JQgiOogAtncAk3UIcmEHiCF3iDd+vZerU+5nXlrEVvh/BH1ucP2C6T2Q==</latexit><latexit sha1_base64="650vf0GRUZs/1VCjbqowat5qmoc=">AAACBHicbVC7SgNBFJ31GeNr1TLNYBAShLBro40Q1EK7SMwDsmuYnZ0kQ2ZnlplZISwpbPwVGwtFbP0IO//GSbKFJh64cDjnXu69J4gZVdpxvq2l5ZXVtfXcRn5za3tn197bbyqRSEwaWDAh2wFShFFOGppqRtqxJCgKGGkFw8uJ33ogUlHB7/QoJn6E+pz2KEbaSF27cFWql+E59JjoQy8kuuS16X0dHsObctcuOhVnCrhI3IwUQYZa1/7yQoGTiHCNGVKq4zqx9lMkNcWMjPNeokiM8BD1ScdQjiKi/HT6xBgeGSWEPSFNcQ2n6u+JFEVKjaLAdEZID9S8NxH/8zqJ7p35KeVxognHs0W9hEEt4CQRGFJJsGYjQxCW1NwK8QBJhLXJLW9CcOdfXiTNk4rrVNxbp1i9yOLIgQI4BCXgglNQBdegBhoAg0fwDF7Bm/VkvVjv1sesdcnKZg7AH1ifP0HflUQ=</latexit><latexit sha1_base64="BWy8Ky7+1HIh1x8K3d+hxC0cpC8=">AAACBHicbVDLSsNAFJ3UV62vqMtuBovQIpREBN0IRV3orlL7gCaWyWTSDp1kwsxEKKELN/6KGxeKuPUj3Pk3TtsstPXAhcM593LvPV7MqFSW9W3klpZXVtfy64WNza3tHXN3ryV5IjBpYs646HhIEkYj0lRUMdKJBUGhx0jbG15O/PYDEZLy6E6NYuKGqB/RgGKktNQzi1flRgWeQ4fxPnR8ospOh9434BG8qfTMklW1poCLxM5ICWSo98wvx+c4CUmkMENSdm0rVm6KhKKYkXHBSSSJER6iPulqGqGQSDedPjGGh1rxYcCFrkjBqfp7IkWhlKPQ050hUgM5703E/7xuooIzN6VRnCgS4dmiIGFQcThJBPpUEKzYSBOEBdW3QjxAAmGlcyvoEOz5lxdJ67hqW1X79qRUu8jiyIMiOABlYINTUAPXoA6aAINH8AxewZvxZLwY78bHrDVnZDP74A+Mzx9DH5VI</latexit><latexit sha1_base64="BWy8Ky7+1HIh1x8K3d+hxC0cpC8=">AAACBHicbVDLSsNAFJ3UV62vqMtuBovQIpREBN0IRV3orlL7gCaWyWTSDp1kwsxEKKELN/6KGxeKuPUj3Pk3TtsstPXAhcM593LvPV7MqFSW9W3klpZXVtfy64WNza3tHXN3ryV5IjBpYs646HhIEkYj0lRUMdKJBUGhx0jbG15O/PYDEZLy6E6NYuKGqB/RgGKktNQzi1flRgWeQ4fxPnR8ospOh9434BG8qfTMklW1poCLxM5ICWSo98wvx+c4CUmkMENSdm0rVm6KhKKYkXHBSSSJER6iPulqGqGQSDedPjGGh1rxYcCFrkjBqfp7IkWhlKPQ050hUgM5703E/7xuooIzN6VRnCgS4dmiIGFQcThJBPpUEKzYSBOEBdW3QjxAAmGlcyvoEOz5lxdJ67hqW1X79qRUu8jiyIMiOABlYINTUAPXoA6aAINH8AxewZvxZLwY78bHrDVnZDP74A+Mzx9DH5VI</latexit><latexit sha1_base64="BWy8Ky7+1HIh1x8K3d+hxC0cpC8=">AAACBHicbVDLSsNAFJ3UV62vqMtuBovQIpREBN0IRV3orlL7gCaWyWTSDp1kwsxEKKELN/6KGxeKuPUj3Pk3TtsstPXAhcM593LvPV7MqFSW9W3klpZXVtfy64WNza3tHXN3ryV5IjBpYs646HhIEkYj0lRUMdKJBUGhx0jbG15O/PYDEZLy6E6NYuKGqB/RgGKktNQzi1flRgWeQ4fxPnR8ospOh9434BG8qfTMklW1poCLxM5ICWSo98wvx+c4CUmkMENSdm0rVm6KhKKYkXHBSSSJER6iPulqGqGQSDedPjGGh1rxYcCFrkjBqfp7IkWhlKPQ050hUgM5703E/7xuooIzN6VRnCgS4dmiIGFQcThJBPpUEKzYSBOEBdW3QjxAAmGlcyvoEOz5lxdJ67hqW1X79qRUu8jiyIMiOABlYINTUAPXoA6aAINH8AxewZvxZLwY78bHrDVnZDP74A+Mzx9DH5VI</latexit><latexit sha1_base64="BWy8Ky7+1HIh1x8K3d+hxC0cpC8=">AAACBHicbVDLSsNAFJ3UV62vqMtuBovQIpREBN0IRV3orlL7gCaWyWTSDp1kwsxEKKELN/6KGxeKuPUj3Pk3TtsstPXAhcM593LvPV7MqFSW9W3klpZXVtfy64WNza3tHXN3ryV5IjBpYs646HhIEkYj0lRUMdKJBUGhx0jbG15O/PYDEZLy6E6NYuKGqB/RgGKktNQzi1flRgWeQ4fxPnR8ospOh9434BG8qfTMklW1poCLxM5ICWSo98wvx+c4CUmkMENSdm0rVm6KhKKYkXHBSSSJER6iPulqGqGQSDedPjGGh1rxYcCFrkjBqfp7IkWhlKPQ050hUgM5703E/7xuooIzN6VRnCgS4dmiIGFQcThJBPpUEKzYSBOEBdW3QjxAAmGlcyvoEOz5lxdJ67hqW1X79qRUu8jiyIMiOABlYINTUAPXoA6aAINH8AxewZvxZLwY78bHrDVnZDP74A+Mzx9DH5VI</latexit><latexit sha1_base64="BWy8Ky7+1HIh1x8K3d+hxC0cpC8=">AAACBHicbVDLSsNAFJ3UV62vqMtuBovQIpREBN0IRV3orlL7gCaWyWTSDp1kwsxEKKELN/6KGxeKuPUj3Pk3TtsstPXAhcM593LvPV7MqFSW9W3klpZXVtfy64WNza3tHXN3ryV5IjBpYs646HhIEkYj0lRUMdKJBUGhx0jbG15O/PYDEZLy6E6NYuKGqB/RgGKktNQzi1flRgWeQ4fxPnR8ospOh9434BG8qfTMklW1poCLxM5ICWSo98wvx+c4CUmkMENSdm0rVm6KhKKYkXHBSSSJER6iPulqGqGQSDedPjGGh1rxYcCFrkjBqfp7IkWhlKPQ050hUgM5703E/7xuooIzN6VRnCgS4dmiIGFQcThJBPpUEKzYSBOEBdW3QjxAAmGlcyvoEOz5lxdJ67hqW1X79qRUu8jiyIMiOABlYINTUAPXoA6aAINH8AxewZvxZLwY78bHrDVnZDP74A+Mzx9DH5VI</latexit><latexit sha1_base64="BWy8Ky7+1HIh1x8K3d+hxC0cpC8=">AAACBHicbVDLSsNAFJ3UV62vqMtuBovQIpREBN0IRV3orlL7gCaWyWTSDp1kwsxEKKELN/6KGxeKuPUj3Pk3TtsstPXAhcM593LvPV7MqFSW9W3klpZXVtfy64WNza3tHXN3ryV5IjBpYs646HhIEkYj0lRUMdKJBUGhx0jbG15O/PYDEZLy6E6NYuKGqB/RgGKktNQzi1flRgWeQ4fxPnR8ospOh9434BG8qfTMklW1poCLxM5ICWSo98wvx+c4CUmkMENSdm0rVm6KhKKYkXHBSSSJER6iPulqGqGQSDedPjGGh1rxYcCFrkjBqfp7IkWhlKPQ050hUgM5703E/7xuooIzN6VRnCgS4dmiIGFQcThJBPpUEKzYSBOEBdW3QjxAAmGlcyvoEOz5lxdJ67hqW1X79qRUu8jiyIMiOABlYINTUAPXoA6aAINH8AxewZvxZLwY78bHrDVnZDP74A+Mzx9DH5VI</latexit>



Plan to serve coffee, with cream and
sugar stirred in!

Pre-existing operators
• dispense coffee
• pick up, place object
• move robot
• stir
• dump spoon

Learned operators
• push
• pour
• scoop

Note substantial variability in object layout
and resulting plans



Preliminary results on real  robot
Substantial variability in
• starting arrangement
• goal

Given pick/place operators
Learned pour and push



Learning a sparse, factored dynamics rule

1. Learn a sensori-motor policy that can change a property of an object

2. Learn detailed rela\on on proper\es of all these objects that predicts 
when the  policy will have its intended  effect
• GP ac\ve learning, PDDLStream planning 

(Wang, Garreg, Lozano-Perez, K; IROS 18)

3. Determine which other objects may affect or be affected by this policy
• Old approach (Pasula, Zeglemoyer, K; JAIR 07)
• Preliminary new approach (Xia, Wang, K; ICLR 19)



Sparse relational transition model: structure learning

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>

objects

properties



Deic\c 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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Deictic references name related objects
Include objects named in ac\on: Push(Obj)
Refer to addi\onal objects via deic\c 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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Deic\c references name related objects

A

B
C

D

Gripper Table

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

A

T
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B

Y

X

Include 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)



Rule learning:   training data is (s, a, s')
Outer loop over set of rules
• Greedily add best next deic\c 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 condi\onal 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

• Graph neural network, fully pairwise connected



Sparse rules learn with less data (3 objects in all scenes)



Sparse rules unaffected by cluger



So much more to do!

• Learn perceptual models for state estimation
• Find integrated way of combining learned policies and online reasoning
• Find integrated way of combining end-to-end with local learning signals
• Integrate human interaction systematically as part of the environment
•
•
•
•



To move upward in the pyramid of intelligent robo\cs

1995:  LPK post RL 



Thanks to lots of people!

Tomas Lozano-Perez
Caelan Garrett, Zi Wang, Victoria Xia
Summer robot hackers:
• Alex LaGrassa, Skye Thompson, Nishad Gothoskar, Jingxi Xu, Kevin Chen

Kelsey Allen, Tom Silver



Thanks.  And out-takes to watch during questions


