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Abstract: PDDLStream solvers have recently emerged as viable solutions for
Task and Motion Planning (TAMP) problems, extending PDDL to problems with
continuous action spaces. Prior work has shown how PDDLStream problems can
be reduced to a sequence of PDDL planning problems, which can then be solved
using off-the-shelf planners. However, this approach can suffer from long runtimes.
In this paper we propose LAZY, a solver for PDDLStream problems that maintains
a single integrated search over action skeletons, which gets progressively more
geometrically informed as samples of possible motions are lazily drawn during
motion planning. We explore how learned models of goal-directed policies and
current motion sampling data can be incorporated in LAZY to adaptively guide the
task planner. We show that this leads to significant speed-ups in the search for
a feasible solution evaluated over unseen test environments of varying numbers
of objects, goals, and initial conditions. We evaluate our TAMP approach by
comparing to existing solvers for PDDLStream problems on a range of simulated
7DoF rearrangement/manipulation problems.

1 Introduction

Task and motion planning (TAMP) problems are challenging because they require reasoning about
both discrete and continuous decisions that are interdependent. TAMP solvers typically decompose
the problem by using a symbolic task planner that searches over discrete abstract actions, such as
which object to interact with or what operations are applicable, and a motion planner which attempts
to find the continuous parameters that ground those abstract actions, for instance grasp poses and robot
configurations. The motion planner is responsible for informing the task planner when backtracking
is necessary. Thus, this interplay between abstract task planning and low-level motion planning has a
significant effect on the total runtime, or whether a solution is found at all.

In this work we provide a significantly improved PDDLStream[1] solver (LAZY) for task and motion
planning problems, which learns to plan from past experience and current execution data. The motion
planner of this solver provides feasibility updates to a priority/guidance function that is used to inform
abstract action selection by the symbolic task planner. LAZY plans optimistically and lazily (deferring
motion sampling until an action skeleton has been found), and maintains a single unified symbolic
search tree (as opposed to solving a sequence of PDDL problems over a growing set of logical facts,
as is done in [1]).

Our method additionally learns a goal-conditioned policy from past planning demonstrations. This
policy affects a priority function, which guides the action skeleton search performed by the task
planner towards promising abstract action sequences. We show how the predictions of this priority
function can be updated online in response to failed samples in motion planning, allowing successive
iterations of the task planner to focus the search on alternative action sequences. The result is a
policy-guided bi-level search for TAMP problems, which improves online from experience and
past data, and demonstrates impressive planning performance on unseen environments from a test
distribution, while being trained with only a few hundred demonstrations. We empirically evaluate
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?q0

<latexit sha1_base64="pfOj95F7q5BYNzws0b9tXFNsfwM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBg5REinosePFY0X5AG8pmu2mXbjZhdyKU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYkUBl332ymsrW9sbhW3Szu7e/sH5cOjlolTzXiTxTLWnYAaLoXiTRQoeSfRnEaB5O1gfDvz209cGxGrR5wk3I/oUIlQMIpWesC+1y9X3Ko7B1klXk4qkKPRL3/1BjFLI66QSWpM13MT9DOqUTDJp6VeanhC2ZgOeddSRSNu/Gx+6pScWWVAwljbUkjm6u+JjEbGTKLAdkYUR2bZm4n/ed0Uwxs/EypJkSu2WBSmkmBMZn+TgdCcoZxYQpkW9lbCRlRThjadkg3BW355lbQuq95VtXZfq9Qv8jiKcAKncA4eXEMd7qABTWAwhGd4hTdHOi/Ou/OxaC04+cwx/IHz+QMB6I2P</latexit>

t1
<latexit sha1_base64="pfOj95F7q5BYNzws0b9tXFNsfwM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBg5REinosePFY0X5AG8pmu2mXbjZhdyKU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYkUBl332ymsrW9sbhW3Szu7e/sH5cOjlolTzXiTxTLWnYAaLoXiTRQoeSfRnEaB5O1gfDvz209cGxGrR5wk3I/oUIlQMIpWesC+1y9X3Ko7B1klXk4qkKPRL3/1BjFLI66QSWpM13MT9DOqUTDJp6VeanhC2ZgOeddSRSNu/Gx+6pScWWVAwljbUkjm6u+JjEbGTKLAdkYUR2bZm4n/ed0Uwxs/EypJkSu2WBSmkmBMZn+TgdCcoZxYQpkW9lbCRlRThjadkg3BW355lbQuq95VtXZfq9Qv8jiKcAKncA4eXEMd7qABTWAwhGd4hTdHOi/Ou/OxaC04+cwx/IHz+QMB6I2P</latexit>

t1

<latexit sha1_base64="CQoUWKjrA8xg4Wj5Tg2pozUQeJs=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBg5REinqz4MVjBdMW2lA22027dHcTdjdCCf0LXjwo4tU/5M1/46bNQVsfDDzem2FmXphwpo3rfjultfWNza3ydmVnd2//oHp41NZxqgj1Scxj1Q2xppxJ6htmOO0mimIRctoJJ3e533miSrNYPpppQgOBR5JFjGCTS7fJwBtUa27dnQOtEq8gNSjQGlS/+sOYpIJKQzjWuue5iQkyrAwjnM4q/VTTBJMJHtGepRILqoNsfusMnVlliKJY2ZIGzdXfExkWWk9FaDsFNmO97OXif14vNdFNkDGZpIZKslgUpRyZGOWPoyFTlBg+tQQTxeytiIyxwsTYeCo2BG/55VXSvqx7V/XGQ6PWvCjiKMMJnMI5eHANTbiHFvhAYAzP8ApvjnBenHfnY9FacoqZY/gD5/MHgPGN1A==</latexit>

?p1

<latexit sha1_base64="CQoUWKjrA8xg4Wj5Tg2pozUQeJs=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBg5REinqz4MVjBdMW2lA22027dHcTdjdCCf0LXjwo4tU/5M1/46bNQVsfDDzem2FmXphwpo3rfjultfWNza3ydmVnd2//oHp41NZxqgj1Scxj1Q2xppxJ6htmOO0mimIRctoJJ3e533miSrNYPpppQgOBR5JFjGCTS7fJwBtUa27dnQOtEq8gNSjQGlS/+sOYpIJKQzjWuue5iQkyrAwjnM4q/VTTBJMJHtGepRILqoNsfusMnVlliKJY2ZIGzdXfExkWWk9FaDsFNmO97OXif14vNdFNkDGZpIZKslgUpRyZGOWPoyFTlBg+tQQTxeytiIyxwsTYeCo2BG/55VXSvqx7V/XGQ6PWvCjiKMMJnMI5eHANTbiHFvhAYAzP8ApvjnBenHfnY9FacoqZY/gD5/MHgPGN1A==</latexit>

?p1

<latexit sha1_base64="ww7+p/02JRimp8rm6Ju5mB5Yl4g=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4kJKUoh4LXjxWtB/QhrLZTtqlm03Y3Qgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSK4Nq777aytb2xubRd2irt7+weHpaPjlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7GtzO//YRK81g+mkmCfkSHkoecUWOlh6Bf7ZfKbsWdg6wSLydlyNHol756g5ilEUrDBNW667mJ8TOqDGcCp8VeqjGhbEyH2LVU0gi1n81PnZJzqwxIGCtb0pC5+nsio5HWkyiwnRE1I73szcT/vG5qwhs/4zJJDUq2WBSmgpiYzP4mA66QGTGxhDLF7a2EjaiizNh0ijYEb/nlVdKqVryrSu2+Vq5f5nEU4BTO4AI8uIY63EEDmsBgCM/wCm+OcF6cd+dj0brm5DMn8AfO5w/n8Y1+</latexit>

b2
<latexit sha1_base64="ww7+p/02JRimp8rm6Ju5mB5Yl4g=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4kJKUoh4LXjxWtB/QhrLZTtqlm03Y3Qgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSK4Nq777aytb2xubRd2irt7+weHpaPjlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7GtzO//YRK81g+mkmCfkSHkoecUWOlh6Bf7ZfKbsWdg6wSLydlyNHol756g5ilEUrDBNW667mJ8TOqDGcCp8VeqjGhbEyH2LVU0gi1n81PnZJzqwxIGCtb0pC5+nsio5HWkyiwnRE1I73szcT/vG5qwhs/4zJJDUq2WBSmgpiYzP4mA66QGTGxhDLF7a2EjaiizNh0ijYEb/nlVdKqVryrSu2+Vq5f5nEU4BTO4AI8uIY63EEDmsBgCM/wCm+OcF6cd+dj0brm5DMn8AfO5w/n8Y1+</latexit>

b2

<latexit sha1_base64="/YbsIHz0UIhOZW4MG9LOe/N3go4=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBg5TdUqo3C148VrAf0C4lm2bb0CS7JFmhLP0LXjwo4tU/5M1/Y7bdg7Y+GHi8N8PMvCDmTBvX/XYKG5tb2zvF3dLe/sHhUfn4pKOjRBHaJhGPVC/AmnImadsww2kvVhSLgNNuML3L/O4TVZpF8tHMYuoLPJYsZASbTLqNh7VhueJW3QXQOvFyUoEcrWH5azCKSCKoNIRjrfueGxs/xcowwum8NEg0jTGZ4jHtWyqxoNpPF7fO0YVVRiiMlC1p0EL9PZFiofVMBLZTYDPRq14m/uf1ExPe+CmTcWKoJMtFYcKRiVD2OBoxRYnhM0swUczeisgEK0yMjadkQ/BWX14nnVrVa1TrD/VK8yqPowhncA6X4ME1NOEeWtAGAhN4hld4c4Tz4rw7H8vWgpPPnMIfOJ8/gnWN1Q==</latexit>

?p2

<latexit sha1_base64="/YbsIHz0UIhOZW4MG9LOe/N3go4=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBg5TdUqo3C148VrAf0C4lm2bb0CS7JFmhLP0LXjwo4tU/5M1/Y7bdg7Y+GHi8N8PMvCDmTBvX/XYKG5tb2zvF3dLe/sHhUfn4pKOjRBHaJhGPVC/AmnImadsww2kvVhSLgNNuML3L/O4TVZpF8tHMYuoLPJYsZASbTLqNh7VhueJW3QXQOvFyUoEcrWH5azCKSCKoNIRjrfueGxs/xcowwum8NEg0jTGZ4jHtWyqxoNpPF7fO0YVVRiiMlC1p0EL9PZFiofVMBLZTYDPRq14m/uf1ExPe+CmTcWKoJMtFYcKRiVD2OBoxRYnhM0swUczeisgEK0yMjadkQ/BWX14nnVrVa1TrD/VK8yqPowhncA6X4ME1NOEeWtAGAhN4hld4c4Tz4rw7H8vWgpPPnMIfOJ8/gnWN1Q==</latexit>

?p2

<latexit sha1_base64="O3YQUn3hjUXXHtYxyEPmPIGef1s=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBg5REinosePFY0X5AG8pmO2mXbjZhdyOU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2d++wmV5rF8NJME/YgOJQ85o8ZKD0Hf65crbtWdg6wSLycVyNHol796g5ilEUrDBNW667mJ8TOqDGcCp6VeqjGhbEyH2LVU0gi1n81PnZIzqwxIGCtb0pC5+nsio5HWkyiwnRE1I73szcT/vG5qwhs/4zJJDUq2WBSmgpiYzP4mA66QGTGxhDLF7a2EjaiizNh0SjYEb/nlVdK6rHpX1dp9rVK/yOMowgmcwjl4cA11uIMGNIHBEJ7hFd4c4bw4787HorXg5DPH8AfO5w/mbY19</latexit>

b1
<latexit sha1_base64="O3YQUn3hjUXXHtYxyEPmPIGef1s=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBg5REinosePFY0X5AG8pmO2mXbjZhdyOU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2d++wmV5rF8NJME/YgOJQ85o8ZKD0Hf65crbtWdg6wSLycVyNHol796g5ilEUrDBNW667mJ8TOqDGcCp6VeqjGhbEyH2LVU0gi1n81PnZIzqwxIGCtb0pC5+nsio5HWkyiwnRE1I73szcT/vG5qwhs/4zJJDUq2WBSmgpiYzP4mA66QGTGxhDLF7a2EjaiizNh0SjYEb/nlVdK6rHpX1dp9rVK/yOMowgmcwjl4cA11uIMGNIHBEJ7hFd4c4bw4787HorXg5DPH8AfO5w/mbY19</latexit>

b1

<latexit sha1_base64="7O2zVMyXZmZQPkH/gis3R2OLpqc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBg5REinosePFY0X5AG8pmu2mXbjZhdyKU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYkUBl332ymsrW9sbhW3Szu7e/sH5cOjlolTzXiTxTLWnYAaLoXiTRQoeSfRnEaB5O1gfDvz209cGxGrR5wk3I/oUIlQMIpWegj6br9ccavuHGSVeDmpQI5Gv/zVG8QsjbhCJqkxXc9N0M+oRsEkn5Z6qeEJZWM65F1LFY248bP5qVNyZpUBCWNtSyGZq78nMhoZM4kC2xlRHJllbyb+53VTDG/8TKgkRa7YYlGYSoIxmf1NBkJzhnJiCWVa2FsJG1FNGdp0SjYEb/nlVdK6rHpX1dp9rVK/yOMowgmcwjl4cA11uIMGNIHBEJ7hFd4c6bw4787HorXg5DPH8AfO5w/k6Y18</latexit>

b0
<latexit sha1_base64="7O2zVMyXZmZQPkH/gis3R2OLpqc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBg5REinosePFY0X5AG8pmu2mXbjZhdyKU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYkUBl332ymsrW9sbhW3Szu7e/sH5cOjlolTzXiTxTLWnYAaLoXiTRQoeSfRnEaB5O1gfDvz209cGxGrR5wk3I/oUIlQMIpWegj6br9ccavuHGSVeDmpQI5Gv/zVG8QsjbhCJqkxXc9N0M+oRsEkn5Z6qeEJZWM65F1LFY248bP5qVNyZpUBCWNtSyGZq78nMhoZM4kC2xlRHJllbyb+53VTDG/8TKgkRa7YYlGYSoIxmf1NBkJzhnJiCWVa2FsJG1FNGdp0SjYEb/nlVdK6rHpX1dp9rVK/yOMowgmcwjl4cA11uIMGNIHBEJ7hFd4c6bw4787HorXg5DPH8AfO5w/k6Y18</latexit>

b0

<latexit sha1_base64="4AtAvVCj/hA8988bfS4wsEnJ6HM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBg5REinosePFY0X5AG8pmu2mXbjZhdyKU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYkUBl332ymsrW9sbhW3Szu7e/sH5cOjlolTzXiTxTLWnYAaLoXiTRQoeSfRnEaB5O1gfDvz209cGxGrR5wk3I/oUIlQMIpWesC+2y9X3Ko7B1klXk4qkKPRL3/1BjFLI66QSWpM13MT9DOqUTDJp6VeanhC2ZgOeddSRSNu/Gx+6pScWWVAwljbUkjm6u+JjEbGTKLAdkYUR2bZm4n/ed0Uwxs/EypJkSu2WBSmkmBMZn+TgdCcoZxYQpkW9lbCRlRThjadkg3BW355lbQuq95VtXZfq9Qv8jiKcAKncA4eXEMd7qABTWAwhGd4hTdHOi/Ou/OxaC04+cwx/IHz+QMAZI2O</latexit>

t0
<latexit sha1_base64="4AtAvVCj/hA8988bfS4wsEnJ6HM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBg5REinosePFY0X5AG8pmu2mXbjZhdyKU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYkUBl332ymsrW9sbhW3Szu7e/sH5cOjlolTzXiTxTLWnYAaLoXiTRQoeSfRnEaB5O1gfDvz209cGxGrR5wk3I/oUIlQMIpWesC+2y9X3Ko7B1klXk4qkKPRL3/1BjFLI66QSWpM13MT9DOqUTDJp6VeanhC2ZgOeddSRSNu/Gx+6pScWWVAwljbUkjm6u+JjEbGTKLAdkYUR2bZm4n/ed0Uwxs/EypJkSu2WBSmkmBMZn+TgdCcoZxYQpkW9lbCRlRThjadkg3BW355lbQuq95VtXZfq9Qv8jiKcAKncA4eXEMd7qABTWAwhGd4hTdHOi/Ou/OxaC04+cwx/IHz+QMAZI2O</latexit>

t0

<latexit sha1_base64="cu/fNHTKO2kfFtiUynRJqlAKZtE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBg5REinosePFY0X5AG8pmu2mXbjZhdyKU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYkUBl332ymsrW9sbhW3Szu7e/sH5cOjlolTzXiTxTLWnYAaLoXiTRQoeSfRnEaB5O1gfDvz209cGxGrR5wk3I/oUIlQMIpWekj6br9ccavuHGSVeDmpQI5Gv/zVG8QsjbhCJqkxXc9N0M+oRsEkn5Z6qeEJZWM65F1LFY248bP5qVNyZpUBCWNtSyGZq78nMhoZM4kC2xlRHJllbyb+53VTDG/8TKgkRa7YYlGYSoIxmf1NBkJzhnJiCWVa2FsJG1FNGdp0SjYEb/nlVdK6rHpX1dp9rVK/yOMowgmcwjl4cA11uIMGNIHBEJ7hFd4c6bw4787HorXg5DPH8AfO5w/6PY2K</latexit> p0
<latexit sha1_base64="cu/fNHTKO2kfFtiUynRJqlAKZtE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBg5REinosePFY0X5AG8pmu2mXbjZhdyKU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYkUBl332ymsrW9sbhW3Szu7e/sH5cOjlolTzXiTxTLWnYAaLoXiTRQoeSfRnEaB5O1gfDvz209cGxGrR5wk3I/oUIlQMIpWekj6br9ccavuHGSVeDmpQI5Gv/zVG8QsjbhCJqkxXc9N0M+oRsEkn5Z6qeEJZWM65F1LFY248bP5qVNyZpUBCWNtSyGZq78nMhoZM4kC2xlRHJllbyb+53VTDG/8TKgkRa7YYlGYSoIxmf1NBkJzhnJiCWVa2FsJG1FNGdp0SjYEb/nlVdK6rHpX1dp9rVK/yOMowgmcwjl4cA11uIMGNIHBEJ7hFd4c6bw4787HorXg5DPH8AfO5w/6PY2K</latexit> p0

<latexit sha1_base64="X/aWJgDghW5AhHQUt/2TQbwshY8=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4kJJIUY8FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777aytb2xubRd2irt7+weHpaPjlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7GdzO//YRK81g+mEmCfkSHkoecUWOlBu2Xym7FnYOsEi8nZchR75e+eoOYpRFKwwTVuuu5ifEzqgxnAqfFXqoxoWxMh9i1VNIItZ/ND52Sc6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJbP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbIo2BG/55VXSuqp415Vqo1quXeZxFOAUzuACPLiBGtxDHZrAAOEZXuHNeXRenHfnY9G65uQzJ/AHzucPv62M2A==</latexit>a<latexit sha1_base64="X/aWJgDghW5AhHQUt/2TQbwshY8=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4kJJIUY8FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777aytb2xubRd2irt7+weHpaPjlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7GdzO//YRK81g+mEmCfkSHkoecUWOlBu2Xym7FnYOsEi8nZchR75e+eoOYpRFKwwTVuuu5ifEzqgxnAqfFXqoxoWxMh9i1VNIItZ/ND52Sc6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJbP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbIo2BG/55VXSuqp415Vqo1quXeZxFOAUzuACPLiBGtxDHZrAAOEZXuHNeXRenHfnY9G65uQzJ/AHzucPv62M2A==</latexit>a

<latexit sha1_base64="U3GpkJFJ1ZYfYEcoGfJm0Fu3Huc=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBg5RdKerNghePFewHtEvJptk2NMluk6xQlv4FLx4U8eof8ua/MdvuQVsfDDzem2FmXhBzpo3rfjuFtfWNza3idmlnd2//oHx41NJRoghtkohHqhNgTTmTtGmY4bQTK4pFwGk7GN9lfvuJKs0i+WimMfUFHkoWMoJNJt1O+m6/XHGr7hxolXg5qUCORr/81RtEJBFUGsKx1l3PjY2fYmUY4XRW6iWaxpiM8ZB2LZVYUO2n81tn6MwqAxRGypY0aK7+nkix0HoqAtspsBnpZS8T//O6iQlv/JTJODFUksWiMOHIRCh7HA2YosTwqSWYKGZvRWSEFSbGxlOyIXjLL6+S1mXVu6rWHmqV+kUeRxFO4BTOwYNrqMM9NKAJBEbwDK/w5gjnxXl3PhatBSefOYY/cD5/AIDzjdQ=</latexit>

?q0

<latexit sha1_base64="U3GpkJFJ1ZYfYEcoGfJm0Fu3Huc=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBg5RdKerNghePFewHtEvJptk2NMluk6xQlv4FLx4U8eof8ua/MdvuQVsfDDzem2FmXhBzpo3rfjuFtfWNza3idmlnd2//oHx41NJRoghtkohHqhNgTTmTtGmY4bQTK4pFwGk7GN9lfvuJKs0i+WimMfUFHkoWMoJNJt1O+m6/XHGr7hxolXg5qUCORr/81RtEJBFUGsKx1l3PjY2fYmUY4XRW6iWaxpiM8ZB2LZVYUO2n81tn6MwqAxRGypY0aK7+nkix0HoqAtspsBnpZS8T//O6iQlv/JTJODFUksWiMOHIRCh7HA2YosTwqSWYKGZvRWSEFSbGxlOyIXjLL6+S1mXVu6rWHmqV+kUeRxFO4BTOwYNrqMM9NKAJBEbwDK/w5gjnxXl3PhatBSefOYY/cD5/AIDzjdQ=</latexit>

?q0

<latexit sha1_base64="pfOj95F7q5BYNzws0b9tXFNsfwM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBg5REinosePFY0X5AG8pmu2mXbjZhdyKU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYkUBl332ymsrW9sbhW3Szu7e/sH5cOjlolTzXiTxTLWnYAaLoXiTRQoeSfRnEaB5O1gfDvz209cGxGrR5wk3I/oUIlQMIpWesC+1y9X3Ko7B1klXk4qkKPRL3/1BjFLI66QSWpM13MT9DOqUTDJp6VeanhC2ZgOeddSRSNu/Gx+6pScWWVAwljbUkjm6u+JjEbGTKLAdkYUR2bZm4n/ed0Uwxs/EypJkSu2WBSmkmBMZn+TgdCcoZxYQpkW9lbCRlRThjadkg3BW355lbQuq95VtXZfq9Qv8jiKcAKncA4eXEMd7qABTWAwhGd4hTdHOi/Ou/OxaC04+cwx/IHz+QMB6I2P</latexit>

t1
<latexit sha1_base64="pfOj95F7q5BYNzws0b9tXFNsfwM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBg5REinosePFY0X5AG8pmu2mXbjZhdyKU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYkUBl332ymsrW9sbhW3Szu7e/sH5cOjlolTzXiTxTLWnYAaLoXiTRQoeSfRnEaB5O1gfDvz209cGxGrR5wk3I/oUIlQMIpWesC+1y9X3Ko7B1klXk4qkKPRL3/1BjFLI66QSWpM13MT9DOqUTDJp6VeanhC2ZgOeddSRSNu/Gx+6pScWWVAwljbUkjm6u+JjEbGTKLAdkYUR2bZm4n/ed0Uwxs/EypJkSu2WBSmkmBMZn+TgdCcoZxYQpkW9lbCRlRThjadkg3BW355lbQuq95VtXZfq9Qv8jiKcAKncA4eXEMd7qABTWAwhGd4hTdHOi/Ou/OxaC04+cwx/IHz+QMB6I2P</latexit>

t1

<latexit sha1_base64="CQoUWKjrA8xg4Wj5Tg2pozUQeJs=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBg5REinqz4MVjBdMW2lA22027dHcTdjdCCf0LXjwo4tU/5M1/46bNQVsfDDzem2FmXphwpo3rfjultfWNza3ydmVnd2//oHp41NZxqgj1Scxj1Q2xppxJ6htmOO0mimIRctoJJ3e533miSrNYPpppQgOBR5JFjGCTS7fJwBtUa27dnQOtEq8gNSjQGlS/+sOYpIJKQzjWuue5iQkyrAwjnM4q/VTTBJMJHtGepRILqoNsfusMnVlliKJY2ZIGzdXfExkWWk9FaDsFNmO97OXif14vNdFNkDGZpIZKslgUpRyZGOWPoyFTlBg+tQQTxeytiIyxwsTYeCo2BG/55VXSvqx7V/XGQ6PWvCjiKMMJnMI5eHANTbiHFvhAYAzP8ApvjnBenHfnY9FacoqZY/gD5/MHgPGN1A==</latexit>

?p1

<latexit sha1_base64="CQoUWKjrA8xg4Wj5Tg2pozUQeJs=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBg5REinqz4MVjBdMW2lA22027dHcTdjdCCf0LXjwo4tU/5M1/46bNQVsfDDzem2FmXphwpo3rfjultfWNza3ydmVnd2//oHp41NZxqgj1Scxj1Q2xppxJ6htmOO0mimIRctoJJ3e533miSrNYPpppQgOBR5JFjGCTS7fJwBtUa27dnQOtEq8gNSjQGlS/+sOYpIJKQzjWuue5iQkyrAwjnM4q/VTTBJMJHtGepRILqoNsfusMnVlliKJY2ZIGzdXfExkWWk9FaDsFNmO97OXif14vNdFNkDGZpIZKslgUpRyZGOWPoyFTlBg+tQQTxeytiIyxwsTYeCo2BG/55VXSvqx7V/XGQ6PWvCjiKMMJnMI5eHANTbiHFvhAYAzP8ApvjnBenHfnY9FacoqZY/gD5/MHgPGN1A==</latexit>

?p1

<latexit sha1_base64="M41Tc46lFXTdGwNZDcO5BfyQBCM=">AAAB9HicbVDLSgNBEJyNrxhfUY+CDAbBg4RdEfVmwIs3EzAPSJYwO5lNhszOrjO9wbDk6Dd48aCIV8Gb3+HNb9CPcPI4aGJBQ1HVTXeXFwmuwbY/rdTc/MLiUno5s7K6tr6R3dyq6DBWlJVpKEJV84hmgktWBg6C1SLFSOAJVvW6F0O/2mNK81BeQz9ibkDakvucEjCS2wB2CwAJ11dy0Mzm7Lw9Ap4lzoTkzt++7nbfS9/FZvaj0QppHDAJVBCt644dgZsQBZwKNsg0Ys0iQrukzeqGShIw7Sajowd43ygt7IfKlAQ8Un9PJCTQuh94pjMg0NHT3lD8z6vH4J+5CZdRDEzS8SI/FhhCPEwAt7hiFETfEEIVN7di2iGKUDA5ZUwIzvTLs6RylHdO8sclJ1c4RGOk0Q7aQwfIQaeogC5REZURRTfoHj2iJ6tnPVjP1su4NWVNZrbRH1ivP4KDlvk=</latexit>

isOn
<latexit sha1_base64="M41Tc46lFXTdGwNZDcO5BfyQBCM=">AAAB9HicbVDLSgNBEJyNrxhfUY+CDAbBg4RdEfVmwIs3EzAPSJYwO5lNhszOrjO9wbDk6Dd48aCIV8Gb3+HNb9CPcPI4aGJBQ1HVTXeXFwmuwbY/rdTc/MLiUno5s7K6tr6R3dyq6DBWlJVpKEJV84hmgktWBg6C1SLFSOAJVvW6F0O/2mNK81BeQz9ibkDakvucEjCS2wB2CwAJ11dy0Mzm7Lw9Ap4lzoTkzt++7nbfS9/FZvaj0QppHDAJVBCt644dgZsQBZwKNsg0Ys0iQrukzeqGShIw7Sajowd43ygt7IfKlAQ8Un9PJCTQuh94pjMg0NHT3lD8z6vH4J+5CZdRDEzS8SI/FhhCPEwAt7hiFETfEEIVN7di2iGKUDA5ZUwIzvTLs6RylHdO8sclJ1c4RGOk0Q7aQwfIQaeogC5REZURRTfoHj2iJ6tnPVjP1su4NWVNZrbRH1ivP4KDlvk=</latexit>

isOn

<latexit sha1_base64="UhHIPOUPgUkfxnL3hYe8dDNf2x0=">AAAB+HicbVDJSgNBEO1xjXHJqEdBBoPgQcKMiHoz4MVjAmaBZAg9nZqkSc9Cd40Yhxz9Ci8eFPGoJ7/Dm9+gH2FnOWjig4LHe1VU1fNiwRXa9qcxN7+wuLScWcmurq1v5MzNraqKEsmgwiIRybpHFQgeQgU5CqjHEmjgCah5vYuhX7sGqXgUXmE/BjegnZD7nFHUUsvMNRFuEDGlWIoUDFpm3i7YI1izxJmQ/Pnr193ue/m71DI/mu2IJQGEyARVquHYMboplciZgEG2mSiIKevRDjQ0DWkAyk1Hhw+sfa20LT+SukK0RurviZQGSvUDT3cGFLtq2huK/3mNBP0zN+VhnCCEbLzIT4SFkTVMwWpzCQxFXxPKJNe3WqxLJWWos8rqEJzpl2dJ9ajgnBSOy06+eEjGyJAdskcOiENOSZFckhKpEEYSck8eyZNxazwYz8bLuHXOmMxskz8w3n4Aj32YEQ==</latexit>

atPose
<latexit sha1_base64="UhHIPOUPgUkfxnL3hYe8dDNf2x0=">AAAB+HicbVDJSgNBEO1xjXHJqEdBBoPgQcKMiHoz4MVjAmaBZAg9nZqkSc9Cd40Yhxz9Ci8eFPGoJ7/Dm9+gH2FnOWjig4LHe1VU1fNiwRXa9qcxN7+wuLScWcmurq1v5MzNraqKEsmgwiIRybpHFQgeQgU5CqjHEmjgCah5vYuhX7sGqXgUXmE/BjegnZD7nFHUUsvMNRFuEDGlWIoUDFpm3i7YI1izxJmQ/Pnr193ue/m71DI/mu2IJQGEyARVquHYMboplciZgEG2mSiIKevRDjQ0DWkAyk1Hhw+sfa20LT+SukK0RurviZQGSvUDT3cGFLtq2huK/3mNBP0zN+VhnCCEbLzIT4SFkTVMwWpzCQxFXxPKJNe3WqxLJWWos8rqEJzpl2dJ9ajgnBSOy06+eEjGyJAdskcOiENOSZFckhKpEEYSck8eyZNxazwYz8bLuHXOmMxskz8w3n4Aj32YEQ==</latexit>

atPose

<latexit sha1_base64="bpzgYi+k9+WmWyVtJG53d4oT4bM=">AAAB+HicbVDLSgNBEJyNrxgfWfUoyGAQPEjYFVFvBnLxmIB5QBLC7GQ2GTI7u8z0inHJ0a/w4kERj3ryO7z5DfoRTh4HTSxoKKq66e7yIsE1OM6nlVpYXFpeSa9m1tY3NrP21nZVh7GirEJDEaq6RzQTXLIKcBCsHilGAk+wmtcvjvzaNVOah/IKBhFrBaQruc8pASO17WwT2A0AJASKofSHbTvn5J0x8DxxpyR38fp1t/de/i617Y9mJ6RxwCRQQbRuuE4ErYQo4FSwYaYZaxYR2idd1jBUkoDpVjI+fIgPjNLBfqhMScBj9fdEQgKtB4FnOgMCPT3rjcT/vEYM/nkr4TKKgUk6WeTHAkOIRyngDleMghgYQqji5lZMe0QRCiarjAnBnX15nlSP8+5p/qTs5gpHaII02kX76BC56AwV0CUqoQqiKEb36BE9WbfWg/VsvUxaU9Z0Zgf9gfX2A3V8mAA=</latexit>

atConf
<latexit sha1_base64="bpzgYi+k9+WmWyVtJG53d4oT4bM=">AAAB+HicbVDLSgNBEJyNrxgfWfUoyGAQPEjYFVFvBnLxmIB5QBLC7GQ2GTI7u8z0inHJ0a/w4kERj3ryO7z5DfoRTh4HTSxoKKq66e7yIsE1OM6nlVpYXFpeSa9m1tY3NrP21nZVh7GirEJDEaq6RzQTXLIKcBCsHilGAk+wmtcvjvzaNVOah/IKBhFrBaQruc8pASO17WwT2A0AJASKofSHbTvn5J0x8DxxpyR38fp1t/de/i617Y9mJ6RxwCRQQbRuuE4ErYQo4FSwYaYZaxYR2idd1jBUkoDpVjI+fIgPjNLBfqhMScBj9fdEQgKtB4FnOgMCPT3rjcT/vEYM/nkr4TKKgUk6WeTHAkOIRyngDleMghgYQqji5lZMe0QRCiarjAnBnX15nlSP8+5p/qTs5gpHaII02kX76BC56AwV0CUqoQqiKEb36BE9WbfWg/VsvUxaU9Z0Zgf9gfX2A3V8mAA=</latexit>

atConf

<latexit sha1_base64="UhHIPOUPgUkfxnL3hYe8dDNf2x0=">AAAB+HicbVDJSgNBEO1xjXHJqEdBBoPgQcKMiHoz4MVjAmaBZAg9nZqkSc9Cd40Yhxz9Ci8eFPGoJ7/Dm9+gH2FnOWjig4LHe1VU1fNiwRXa9qcxN7+wuLScWcmurq1v5MzNraqKEsmgwiIRybpHFQgeQgU5CqjHEmjgCah5vYuhX7sGqXgUXmE/BjegnZD7nFHUUsvMNRFuEDGlWIoUDFpm3i7YI1izxJmQ/Pnr193ue/m71DI/mu2IJQGEyARVquHYMboplciZgEG2mSiIKevRDjQ0DWkAyk1Hhw+sfa20LT+SukK0RurviZQGSvUDT3cGFLtq2huK/3mNBP0zN+VhnCCEbLzIT4SFkTVMwWpzCQxFXxPKJNe3WqxLJWWos8rqEJzpl2dJ9ajgnBSOy06+eEjGyJAdskcOiENOSZFckhKpEEYSck8eyZNxazwYz8bLuHXOmMxskz8w3n4Aj32YEQ==</latexit>

atPose
<latexit sha1_base64="UhHIPOUPgUkfxnL3hYe8dDNf2x0=">AAAB+HicbVDJSgNBEO1xjXHJqEdBBoPgQcKMiHoz4MVjAmaBZAg9nZqkSc9Cd40Yhxz9Ci8eFPGoJ7/Dm9+gH2FnOWjig4LHe1VU1fNiwRXa9qcxN7+wuLScWcmurq1v5MzNraqKEsmgwiIRybpHFQgeQgU5CqjHEmjgCah5vYuhX7sGqXgUXmE/BjegnZD7nFHUUsvMNRFuEDGlWIoUDFpm3i7YI1izxJmQ/Pnr193ue/m71DI/mu2IJQGEyARVquHYMboplciZgEG2mSiIKevRDjQ0DWkAyk1Hhw+sfa20LT+SukK0RurviZQGSvUDT3cGFLtq2huK/3mNBP0zN+VhnCCEbLzIT4SFkTVMwWpzCQxFXxPKJNe3WqxLJWWos8rqEJzpl2dJ9ajgnBSOy06+eEjGyJAdskcOiENOSZFckhKpEEYSck8eyZNxazwYz8bLuHXOmMxskz8w3n4Aj32YEQ==</latexit>

atPose

<latexit sha1_base64="3OE8EZtUWAlvYRL3fRhbNtDwRC0=">AAAB/HicbVDLSsNAFJ3UV1tf0S7dBItQQUoioi4LbtxZwT6gDWUynbRDJ5M4cyOGUD/Ahb/gxoUibv0Qd25c+SFOHwttPXDhcM693HuPF3GmwLY/jczC4tLySjaXX11b39g0t7brKowloTUS8lA2PawoZ4LWgAGnzUhSHHicNrzB2chv3FCpWCiuIImoG+CeYD4jGLTUMQttoLcAkDJ1IUq9EPP9Yccs2mV7DGueOFNSrOTk98P99Ve1Y360uyGJAyqAcKxUy7EjcFMsgRFOh/l2rGiEyQD3aEtTgQOq3HR8/NDa00rX8kOpS4A1Vn9PpDhQKgk83Rlg6KtZbyT+57Vi8E/dlIkoBirIZJEfcwtCa5SE1WWSEuCJJphIpm+1SB9LTEDnldchOLMvz5P6Ydk5Lh9dOsXKAZogi3bQLiohB52gCjpHVVRDBCXoET2jF+POeDJejbdJa8aYzhTQHxjvP19gmO0=</latexit>

isOn(goal)
<latexit sha1_base64="3OE8EZtUWAlvYRL3fRhbNtDwRC0=">AAAB/HicbVDLSsNAFJ3UV1tf0S7dBItQQUoioi4LbtxZwT6gDWUynbRDJ5M4cyOGUD/Ahb/gxoUibv0Qd25c+SFOHwttPXDhcM693HuPF3GmwLY/jczC4tLySjaXX11b39g0t7brKowloTUS8lA2PawoZ4LWgAGnzUhSHHicNrzB2chv3FCpWCiuIImoG+CeYD4jGLTUMQttoLcAkDJ1IUq9EPP9Yccs2mV7DGueOFNSrOTk98P99Ve1Y360uyGJAyqAcKxUy7EjcFMsgRFOh/l2rGiEyQD3aEtTgQOq3HR8/NDa00rX8kOpS4A1Vn9PpDhQKgk83Rlg6KtZbyT+57Vi8E/dlIkoBirIZJEfcwtCa5SE1WWSEuCJJphIpm+1SB9LTEDnldchOLMvz5P6Ydk5Lh9dOsXKAZogi3bQLiohB52gCjpHVVRDBCXoET2jF+POeDJejbdJa8aYzhTQHxjvP19gmO0=</latexit>

isOn(goal)

<latexit sha1_base64="ww7+p/02JRimp8rm6Ju5mB5Yl4g=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4kJKUoh4LXjxWtB/QhrLZTtqlm03Y3Qgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSK4Nq777aytb2xubRd2irt7+weHpaPjlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7GtzO//YRK81g+mkmCfkSHkoecUWOlh6Bf7ZfKbsWdg6wSLydlyNHol756g5ilEUrDBNW667mJ8TOqDGcCp8VeqjGhbEyH2LVU0gi1n81PnZJzqwxIGCtb0pC5+nsio5HWkyiwnRE1I73szcT/vG5qwhs/4zJJDUq2WBSmgpiYzP4mA66QGTGxhDLF7a2EjaiizNh0ijYEb/nlVdKqVryrSu2+Vq5f5nEU4BTO4AI8uIY63EEDmsBgCM/wCm+OcF6cd+dj0brm5DMn8AfO5w/n8Y1+</latexit>

b2
<latexit sha1_base64="ww7+p/02JRimp8rm6Ju5mB5Yl4g=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4kJKUoh4LXjxWtB/QhrLZTtqlm03Y3Qgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSK4Nq777aytb2xubRd2irt7+weHpaPjlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7GtzO//YRK81g+mkmCfkSHkoecUWOlh6Bf7ZfKbsWdg6wSLydlyNHol756g5ilEUrDBNW667mJ8TOqDGcCp8VeqjGhbEyH2LVU0gi1n81PnZJzqwxIGCtb0pC5+nsio5HWkyiwnRE1I73szcT/vG5qwhs/4zJJDUq2WBSmgpiYzP4mA66QGTGxhDLF7a2EjaiizNh0ijYEb/nlVdKqVryrSu2+Vq5f5nEU4BTO4AI8uIY63EEDmsBgCM/wCm+OcF6cd+dj0brm5DMn8AfO5w/n8Y1+</latexit>

b2

<latexit sha1_base64="M41Tc46lFXTdGwNZDcO5BfyQBCM=">AAAB9HicbVDLSgNBEJyNrxhfUY+CDAbBg4RdEfVmwIs3EzAPSJYwO5lNhszOrjO9wbDk6Dd48aCIV8Gb3+HNb9CPcPI4aGJBQ1HVTXeXFwmuwbY/rdTc/MLiUno5s7K6tr6R3dyq6DBWlJVpKEJV84hmgktWBg6C1SLFSOAJVvW6F0O/2mNK81BeQz9ibkDakvucEjCS2wB2CwAJ11dy0Mzm7Lw9Ap4lzoTkzt++7nbfS9/FZvaj0QppHDAJVBCt644dgZsQBZwKNsg0Ys0iQrukzeqGShIw7Sajowd43ygt7IfKlAQ8Un9PJCTQuh94pjMg0NHT3lD8z6vH4J+5CZdRDEzS8SI/FhhCPEwAt7hiFETfEEIVN7di2iGKUDA5ZUwIzvTLs6RylHdO8sclJ1c4RGOk0Q7aQwfIQaeogC5REZURRTfoHj2iJ6tnPVjP1su4NWVNZrbRH1ivP4KDlvk=</latexit>

isOn
<latexit sha1_base64="M41Tc46lFXTdGwNZDcO5BfyQBCM=">AAAB9HicbVDLSgNBEJyNrxhfUY+CDAbBg4RdEfVmwIs3EzAPSJYwO5lNhszOrjO9wbDk6Dd48aCIV8Gb3+HNb9CPcPI4aGJBQ1HVTXeXFwmuwbY/rdTc/MLiUno5s7K6tr6R3dyq6DBWlJVpKEJV84hmgktWBg6C1SLFSOAJVvW6F0O/2mNK81BeQz9ibkDakvucEjCS2wB2CwAJ11dy0Mzm7Lw9Ap4lzoTkzt++7nbfS9/FZvaj0QppHDAJVBCt644dgZsQBZwKNsg0Ys0iQrukzeqGShIw7Sajowd43ygt7IfKlAQ8Un9PJCTQuh94pjMg0NHT3lD8z6vH4J+5CZdRDEzS8SI/FhhCPEwAt7hiFETfEEIVN7di2iGKUDA5ZUwIzvTLs6RylHdO8sclJ1c4RGOk0Q7aQwfIQaeogC5REZURRTfoHj2iJ6tnPVjP1su4NWVNZrbRH1ivP4KDlvk=</latexit>

isOn

<latexit sha1_base64="/YbsIHz0UIhOZW4MG9LOe/N3go4=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBg5TdUqo3C148VrAf0C4lm2bb0CS7JFmhLP0LXjwo4tU/5M1/Y7bdg7Y+GHi8N8PMvCDmTBvX/XYKG5tb2zvF3dLe/sHhUfn4pKOjRBHaJhGPVC/AmnImadsww2kvVhSLgNNuML3L/O4TVZpF8tHMYuoLPJYsZASbTLqNh7VhueJW3QXQOvFyUoEcrWH5azCKSCKoNIRjrfueGxs/xcowwum8NEg0jTGZ4jHtWyqxoNpPF7fO0YVVRiiMlC1p0EL9PZFiofVMBLZTYDPRq14m/uf1ExPe+CmTcWKoJMtFYcKRiVD2OBoxRYnhM0swUczeisgEK0yMjadkQ/BWX14nnVrVa1TrD/VK8yqPowhncA6X4ME1NOEeWtAGAhN4hld4c4Tz4rw7H8vWgpPPnMIfOJ8/gnWN1Q==</latexit>

?p2

<latexit sha1_base64="/YbsIHz0UIhOZW4MG9LOe/N3go4=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBg5TdUqo3C148VrAf0C4lm2bb0CS7JFmhLP0LXjwo4tU/5M1/Y7bdg7Y+GHi8N8PMvCDmTBvX/XYKG5tb2zvF3dLe/sHhUfn4pKOjRBHaJhGPVC/AmnImadsww2kvVhSLgNNuML3L/O4TVZpF8tHMYuoLPJYsZASbTLqNh7VhueJW3QXQOvFyUoEcrWH5azCKSCKoNIRjrfueGxs/xcowwum8NEg0jTGZ4jHtWyqxoNpPF7fO0YVVRiiMlC1p0EL9PZFiofVMBLZTYDPRq14m/uf1ExPe+CmTcWKoJMtFYcKRiVD2OBoxRYnhM0swUczeisgEK0yMjadkQ/BWX14nnVrVa1TrD/VK8yqPowhncA6X4ME1NOEeWtAGAhN4hld4c4Tz4rw7H8vWgpPPnMIfOJ8/gnWN1Q==</latexit>

?p2

<latexit sha1_base64="UhHIPOUPgUkfxnL3hYe8dDNf2x0=">AAAB+HicbVDJSgNBEO1xjXHJqEdBBoPgQcKMiHoz4MVjAmaBZAg9nZqkSc9Cd40Yhxz9Ci8eFPGoJ7/Dm9+gH2FnOWjig4LHe1VU1fNiwRXa9qcxN7+wuLScWcmurq1v5MzNraqKEsmgwiIRybpHFQgeQgU5CqjHEmjgCah5vYuhX7sGqXgUXmE/BjegnZD7nFHUUsvMNRFuEDGlWIoUDFpm3i7YI1izxJmQ/Pnr193ue/m71DI/mu2IJQGEyARVquHYMboplciZgEG2mSiIKevRDjQ0DWkAyk1Hhw+sfa20LT+SukK0RurviZQGSvUDT3cGFLtq2huK/3mNBP0zN+VhnCCEbLzIT4SFkTVMwWpzCQxFXxPKJNe3WqxLJWWos8rqEJzpl2dJ9ajgnBSOy06+eEjGyJAdskcOiENOSZFckhKpEEYSck8eyZNxazwYz8bLuHXOmMxskz8w3n4Aj32YEQ==</latexit>

atPose
<latexit sha1_base64="UhHIPOUPgUkfxnL3hYe8dDNf2x0=">AAAB+HicbVDJSgNBEO1xjXHJqEdBBoPgQcKMiHoz4MVjAmaBZAg9nZqkSc9Cd40Yhxz9Ci8eFPGoJ7/Dm9+gH2FnOWjig4LHe1VU1fNiwRXa9qcxN7+wuLScWcmurq1v5MzNraqKEsmgwiIRybpHFQgeQgU5CqjHEmjgCah5vYuhX7sGqXgUXmE/BjegnZD7nFHUUsvMNRFuEDGlWIoUDFpm3i7YI1izxJmQ/Pnr193ue/m71DI/mu2IJQGEyARVquHYMboplciZgEG2mSiIKevRDjQ0DWkAyk1Hhw+sfa20LT+SukK0RurviZQGSvUDT3cGFLtq2huK/3mNBP0zN+VhnCCEbLzIT4SFkTVMwWpzCQxFXxPKJNe3WqxLJWWos8rqEJzpl2dJ9ajgnBSOy06+eEjGyJAdskcOiENOSZFckhKpEEYSck8eyZNxazwYz8bLuHXOmMxskz8w3n4Aj32YEQ==</latexit>

atPose
<latexit sha1_base64="O3YQUn3hjUXXHtYxyEPmPIGef1s=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBg5REinosePFY0X5AG8pmO2mXbjZhdyOU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2d++wmV5rF8NJME/YgOJQ85o8ZKD0Hf65crbtWdg6wSLycVyNHol796g5ilEUrDBNW667mJ8TOqDGcCp6VeqjGhbEyH2LVU0gi1n81PnZIzqwxIGCtb0pC5+nsio5HWkyiwnRE1I73szcT/vG5qwhs/4zJJDUq2WBSmgpiYzP4mA66QGTGxhDLF7a2EjaiizNh0SjYEb/nlVdK6rHpX1dp9rVK/yOMowgmcwjl4cA11uIMGNIHBEJ7hFd4c4bw4787HorXg5DPH8AfO5w/mbY19</latexit>

b1
<latexit sha1_base64="O3YQUn3hjUXXHtYxyEPmPIGef1s=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBg5REinosePFY0X5AG8pmO2mXbjZhdyOU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2d++wmV5rF8NJME/YgOJQ85o8ZKD0Hf65crbtWdg6wSLycVyNHol796g5ilEUrDBNW667mJ8TOqDGcCp6VeqjGhbEyH2LVU0gi1n81PnZIzqwxIGCtb0pC5+nsio5HWkyiwnRE1I73szcT/vG5qwhs/4zJJDUq2WBSmgpiYzP4mA66QGTGxhDLF7a2EjaiizNh0SjYEb/nlVdK6rHpX1dp9rVK/yOMowgmcwjl4cA11uIMGNIHBEJ7hFd4c4bw4787HorXg5DPH8AfO5w/mbY19</latexit>

b1

<latexit sha1_base64="7O2zVMyXZmZQPkH/gis3R2OLpqc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBg5REinosePFY0X5AG8pmu2mXbjZhdyKU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYkUBl332ymsrW9sbhW3Szu7e/sH5cOjlolTzXiTxTLWnYAaLoXiTRQoeSfRnEaB5O1gfDvz209cGxGrR5wk3I/oUIlQMIpWegj6br9ccavuHGSVeDmpQI5Gv/zVG8QsjbhCJqkxXc9N0M+oRsEkn5Z6qeEJZWM65F1LFY248bP5qVNyZpUBCWNtSyGZq78nMhoZM4kC2xlRHJllbyb+53VTDG/8TKgkRa7YYlGYSoIxmf1NBkJzhnJiCWVa2FsJG1FNGdp0SjYEb/nlVdK6rHpX1dp9rVK/yOMowgmcwjl4cA11uIMGNIHBEJ7hFd4c6bw4787HorXg5DPH8AfO5w/k6Y18</latexit>

b0
<latexit sha1_base64="7O2zVMyXZmZQPkH/gis3R2OLpqc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBg5REinosePFY0X5AG8pmu2mXbjZhdyKU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYkUBl332ymsrW9sbhW3Szu7e/sH5cOjlolTzXiTxTLWnYAaLoXiTRQoeSfRnEaB5O1gfDvz209cGxGrR5wk3I/oUIlQMIpWegj6br9ccavuHGSVeDmpQI5Gv/zVG8QsjbhCJqkxXc9N0M+oRsEkn5Z6qeEJZWM65F1LFY248bP5qVNyZpUBCWNtSyGZq78nMhoZM4kC2xlRHJllbyb+53VTDG/8TKgkRa7YYlGYSoIxmf1NBkJzhnJiCWVa2FsJG1FNGdp0SjYEb/nlVdK6rHpX1dp9rVK/yOMowgmcwjl4cA11uIMGNIHBEJ7hFd4c6bw4787HorXg5DPH8AfO5w/k6Y18</latexit>

b0

<latexit sha1_base64="oAa4ixZj4NPbHLwXTPHJfzH34NM=">AAAB9HicbVDLSgNBEJz1GeMr6lGQwSB4kLArot4MeFG8JGAekCxhdjKbDJmdXWd6g2HJ0W/w4kERr4I3v8Ob36Af4eRx0MSChqKqm+4uLxJcg21/WjOzc/MLi6ml9PLK6tp6ZmOzrMNYUVaioQhV1SOaCS5ZCTgIVo0UI4EnWMXrnA/8SpcpzUN5Db2IuQFpSe5zSsBIbh3YLQAkXF9e9RuZrJ2zh8DTxBmT7Nnb193Oe/G70Mh81JshjQMmgQqidc2xI3ATooBTwfrpeqxZRGiHtFjNUEkCpt1keHQf7xmlif1QmZKAh+rviYQEWvcCz3QGBNp60huI/3m1GPxTN+EyioFJOlrkxwJDiAcJ4CZXjILoGUKo4uZWTNtEEQomp7QJwZl8eZqUD3POce6o6GTzB2iEFNpGu2gfOegE5dEFKqASougG3aNH9GR1rQfr2XoZtc5Y45kt9AfW6w9EMJbQ</latexit>

isIK
<latexit sha1_base64="oAa4ixZj4NPbHLwXTPHJfzH34NM=">AAAB9HicbVDLSgNBEJz1GeMr6lGQwSB4kLArot4MeFG8JGAekCxhdjKbDJmdXWd6g2HJ0W/w4kERr4I3v8Ob36Af4eRx0MSChqKqm+4uLxJcg21/WjOzc/MLi6ml9PLK6tp6ZmOzrMNYUVaioQhV1SOaCS5ZCTgIVo0UI4EnWMXrnA/8SpcpzUN5Db2IuQFpSe5zSsBIbh3YLQAkXF9e9RuZrJ2zh8DTxBmT7Nnb193Oe/G70Mh81JshjQMmgQqidc2xI3ATooBTwfrpeqxZRGiHtFjNUEkCpt1keHQf7xmlif1QmZKAh+rviYQEWvcCz3QGBNp60huI/3m1GPxTN+EyioFJOlrkxwJDiAcJ4CZXjILoGUKo4uZWTNtEEQomp7QJwZl8eZqUD3POce6o6GTzB2iEFNpGu2gfOegE5dEFKqASougG3aNH9GR1rQfr2XoZtc5Y45kt9AfW6w9EMJbQ</latexit>

isIK

<latexit sha1_base64="3OE8EZtUWAlvYRL3fRhbNtDwRC0=">AAAB/HicbVDLSsNAFJ3UV1tf0S7dBItQQUoioi4LbtxZwT6gDWUynbRDJ5M4cyOGUD/Ahb/gxoUibv0Qd25c+SFOHwttPXDhcM693HuPF3GmwLY/jczC4tLySjaXX11b39g0t7brKowloTUS8lA2PawoZ4LWgAGnzUhSHHicNrzB2chv3FCpWCiuIImoG+CeYD4jGLTUMQttoLcAkDJ1IUq9EPP9Yccs2mV7DGueOFNSrOTk98P99Ve1Y360uyGJAyqAcKxUy7EjcFMsgRFOh/l2rGiEyQD3aEtTgQOq3HR8/NDa00rX8kOpS4A1Vn9PpDhQKgk83Rlg6KtZbyT+57Vi8E/dlIkoBirIZJEfcwtCa5SE1WWSEuCJJphIpm+1SB9LTEDnldchOLMvz5P6Ydk5Lh9dOsXKAZogi3bQLiohB52gCjpHVVRDBCXoET2jF+POeDJejbdJa8aYzhTQHxjvP19gmO0=</latexit>

isOn(goal)
<latexit sha1_base64="3OE8EZtUWAlvYRL3fRhbNtDwRC0=">AAAB/HicbVDLSsNAFJ3UV1tf0S7dBItQQUoioi4LbtxZwT6gDWUynbRDJ5M4cyOGUD/Ahb/gxoUibv0Qd25c+SFOHwttPXDhcM693HuPF3GmwLY/jczC4tLySjaXX11b39g0t7brKowloTUS8lA2PawoZ4LWgAGnzUhSHHicNrzB2chv3FCpWCiuIImoG+CeYD4jGLTUMQttoLcAkDJ1IUq9EPP9Yccs2mV7DGueOFNSrOTk98P99Ve1Y360uyGJAyqAcKxUy7EjcFMsgRFOh/l2rGiEyQD3aEtTgQOq3HR8/NDa00rX8kOpS4A1Vn9PpDhQKgk83Rlg6KtZbyT+57Vi8E/dlIkoBirIZJEfcwtCa5SE1WWSEuCJJphIpm+1SB9LTEDnldchOLMvz5P6Ydk5Lh9dOsXKAZogi3bQLiohB52gCjpHVVRDBCXoET2jF+POeDJejbdJa8aYzhTQHxjvP19gmO0=</latexit>

isOn(goal)

…

…

…

…

<latexit sha1_base64="JgXFdTO0Ltmz4nS/ps+7Q9C9Rpg=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBg5REinosePFY0X5AG8pmO2mXbjZhdyOU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2d++wmV5rF8NJME/YgOJQ85o8ZKD7Lv9ssVt+rOQVaJl5MK5Gj0y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FoqaYTaz+anTsmZVQYkjJUtachc/T2R0UjrSRTYzoiakV72ZuJ/Xjc14Y2fcZmkBiVbLApTQUxMZn+TAVfIjJhYQpni9lbCRlRRZmw6JRuCt/zyKmldVr2rau2+Vqlf5HEU4QRO4Rw8uIY63EEDmsBgCM/wCm+OcF6cd+dj0Vpw8plj+APn8wf3MY2I</latexit>n0

<latexit sha1_base64="7QjecpmzjR2NT8l/ye8cf9J+nng=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBg5REinosePFY0X5AG8pmO2mXbjZhdyOU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2d++wmV5rF8NJME/YgOJQ85o8ZKD7Lv9csVt+rOQVaJl5MK5Gj0y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FoqaYTaz+anTsmZVQYkjJUtachc/T2R0UjrSRTYzoiakV72ZuJ/Xjc14Y2fcZmkBiVbLApTQUxMZn+TAVfIjJhYQpni9lbCRlRRZmw6JRuCt/zyKmldVr2rau2+Vqlf5HEU4QRO4Rw8uIY63EEDmsBgCM/wCm+OcF6cd+dj0Vpw8plj+APn8wf4tY2J</latexit>n1

<latexit sha1_base64="VzcyGA+5FpZzqGibOelDwydtsHY=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4kJKUoh4LXjxWtB/QhrLZTtqlm03Y3Qgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSK4Nq777aytb2xubRd2irt7+weHpaPjlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7GtzO//YRK81g+mkmCfkSHkoecUWOlB9mv9ktlt+LOQVaJl5My5Gj0S1+9QczSCKVhgmrd9dzE+BlVhjOB02Iv1ZhQNqZD7FoqaYTaz+anTsm5VQYkjJUtachc/T2R0UjrSRTYzoiakV72ZuJ/Xjc14Y2fcZmkBiVbLApTQUxMZn+TAVfIjJhYQpni9lbCRlRRZmw6RRuCt/zyKmlVK95VpXZfK9cv8zgKcApncAEeXEMd7qABTWAwhGd4hTdHOC/Ou/OxaF1z8pkT+APn8wf6OY2K</latexit>n2

<latexit sha1_base64="VGqsU5MZfLhf/1Jyrhf49s7swiU=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4kJJoUY8FLx4r2g9oQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+Oyura+sbm4Wt4vbO7t5+6eCwaeJUM95gsYx1O6CGS6F4AwVK3k40p1EgeSsY3U791hPXRsTqEccJ9yM6UCIUjKKVHlTvslcquxV3BrJMvJyUIUe9V/rq9mOWRlwhk9SYjucm6GdUo2CST4rd1PCEshEd8I6likbc+Nns1Ak5tUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophjd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06RRuCt/jyMmleVLyrSvW+Wq6d53EU4BhO4Aw8uIYa3EEdGsBgAM/wCm+OdF6cd+dj3rri5DNH8AfO5w/7vY2L</latexit>n3

<latexit sha1_base64="rUsN0ap5AynOYpmPAO/i8/ntJLQ=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBg5REinosePFY0X5AG8pmO2mXbjZhdyOU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2d++wmV5rF8NJME/YgOJQ85o8ZKD7Jf65crbtWdg6wSLycVyNHol796g5ilEUrDBNW667mJ8TOqDGcCp6VeqjGhbEyH2LVU0gi1n81PnZIzqwxIGCtb0pC5+nsio5HWkyiwnRE1I73szcT/vG5qwhs/4zJJDUq2WBSmgpiYzP4mA66QGTGxhDLF7a2EjaiizNh0SjYEb/nlVdK6rHpX1dp9rVK/yOMowgmcwjl4cA11uIMGNIHBEJ7hFd4c4bw4787HorXg5DPH8AfO5w/9QY2M</latexit>n4

<latexit sha1_base64="zl/g+no07BIfNYX2v1+OP0y7QrM=">AAAB+3icbVDLSsNAFJ3UV1tfsS7dBItQNyUpoi4LblxWtA9oQ5hMJ+3QySTM3EhryK+4caGIW7/CnQvBv3H6WGjrgQuHc+7l3nv8mDMFtv1t5NbWNza38oXi9s7u3r55UGqpKJGENknEI9nxsaKcCdoEBpx2Yklx6HPa9kdXU799T6VikbiDSUzdEA8ECxjBoCXPLPWAjgEgjRkZZRXfq516Ztmu2jNYq8RZkHI9//D1cdsoNDzzs9ePSBJSAYRjpbqOHYObYgmMcJoVe4miMSYjPKBdTQUOqXLT2e2ZdaKVvhVEUpcAa6b+nkhxqNQk9HVniGGolr2p+J/XTSC4dFMm4gSoIPNFQcItiKxpEFafSUqATzTBRDJ9q0WGWGICOq6iDsFZfnmVtGpV57x6duOU6xU0Rx4doWNUQQ66QHV0jRqoiQgao0f0jF6MzHgyXo23eWvOWMwcoj8w3n8A9AGXRg==</latexit>

pick(b2)

<latexit sha1_base64="HkytkRYj5AtmXtKAXshgMM3igrY=">AAAB/HicbVBNS8NAEN34WetXtEcvwSLUS0mkqMeCF48V7Ae0IWy2k3bp5oPdiRhC/StePCji1R/izX/jts1BWx8MPN6bYWaenwiu0La/jbX1jc2t7dJOeXdv/+DQPDruqDiVDNosFrHs+VSB4BG0kaOAXiKBhr6Arj+5mfndB5CKx9E9Zgm4IR1FPOCMopY8szJAeETEPBGUwbSGnn3umVW7bs9hrRKnIFVSoOWZX4NhzNIQImSCKtV37ATdnErkTMC0PEgVJJRN6Aj6mkY0BOXm8+On1plWhlYQS10RWnP190ROQ6Wy0NedIcWxWvZm4n9eP8Xg2s15lKQIEVssClJhYWzNkrCGXAJDkWlCmeT6VouNqaQMdV5lHYKz/PIq6VzUnct6465RbdaKOErkhJySGnHIFWmSW9IibcJIRp7JK3kznowX4934WLSuGcVMhfyB8fkDqjWUsg==</latexit>

place(t0)

<latexit sha1_base64="GpHPeyyUhaG0qGEkRlup4/LVDDc=">AAAB/nicbVBNS8NAEJ34WetXVDx5CRahXkoiRT0WvHisYD+gDWGz3bZLN5uwOxFLKPhXvHhQxKu/w5v/xm2bg7Y+GHi8N7M788JEcI2u+22trK6tb2wWtorbO7t7+/bBYVPHqaKsQWMRq3ZINBNcsgZyFKydKEaiULBWOLqZ+q0HpjSP5T2OE+ZHZCB5n1OCRgrs4y6yR0TMUqmR0NGkHAbeeWCX3Io7g7NMvJyUIEc9sL+6vZimEZNIBdG647kJ+hlRyKlgk2I31Swxz5MB6xgqScS0n83WnzhnRuk5/ViZkujM1N8TGYm0Hkeh6YwIDvWiNxX/8zop9q/9jMskRSbp/KN+KhyMnWkWTo8rRlGMDSFUcbOrQ4dEEYomsaIJwVs8eZk0LyreZaV6Vy3VynkcBTiBUyiDB1dQg1uoQwMoZPAMr/BmPVkv1rv1MW9dsfKZI/gD6/MHXkKVqQ==</latexit>

unstack(b1)

<latexit sha1_base64="/tJK6rWZA01r20N3MMBgQkkrwL0=">AAAB/HicbVBNS8NAEN34WetXtEcvwSLUS0mkqMeCF48V7Ae0IWy2k3bp5oPdiRhC/StePCji1R/izX/jts1BWx8MPN6bYWaenwiu0La/jbX1jc2t7dJOeXdv/+DQPDruqDiVDNosFrHs+VSB4BG0kaOAXiKBhr6Arj+5mfndB5CKx9E9Zgm4IR1FPOCMopY8szJAeETEPBGUwbSGnnPumVW7bs9hrRKnIFVSoOWZX4NhzNIQImSCKtV37ATdnErkTMC0PEgVJJRN6Aj6mkY0BOXm8+On1plWhlYQS10RWnP190ROQ6Wy0NedIcWxWvZm4n9eP8Xg2s15lKQIEVssClJhYWzNkrCGXAJDkWlCmeT6VouNqaQMdV5lHYKz/PIq6VzUnct6465RbdaKOErkhJySGnHIFWmSW9IibcJIRp7JK3kznowX4934WLSuGcVMhfyB8fkDq7qUsw==</latexit>

place(t1)

<latexit sha1_base64="pfOj95F7q5BYNzws0b9tXFNsfwM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBg5REinosePFY0X5AG8pmu2mXbjZhdyKU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYkUBl332ymsrW9sbhW3Szu7e/sH5cOjlolTzXiTxTLWnYAaLoXiTRQoeSfRnEaB5O1gfDvz209cGxGrR5wk3I/oUIlQMIpWesC+1y9X3Ko7B1klXk4qkKPRL3/1BjFLI66QSWpM13MT9DOqUTDJp6VeanhC2ZgOeddSRSNu/Gx+6pScWWVAwljbUkjm6u+JjEbGTKLAdkYUR2bZm4n/ed0Uwxs/EypJkSu2WBSmkmBMZn+TgdCcoZxYQpkW9lbCRlRThjadkg3BW355lbQuq95VtXZfq9Qv8jiKcAKncA4eXEMd7qABTWAwhGd4hTdHOi/Ou/OxaC04+cwx/IHz+QMB6I2P</latexit>

t1
<latexit sha1_base64="4AtAvVCj/hA8988bfS4wsEnJ6HM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBg5REinosePFY0X5AG8pmu2mXbjZhdyKU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYkUBl332ymsrW9sbhW3Szu7e/sH5cOjlolTzXiTxTLWnYAaLoXiTRQoeSfRnEaB5O1gfDvz209cGxGrR5wk3I/oUIlQMIpWesC+2y9X3Ko7B1klXk4qkKPRL3/1BjFLI66QSWpM13MT9DOqUTDJp6VeanhC2ZgOeddSRSNu/Gx+6pScWWVAwljbUkjm6u+JjEbGTKLAdkYUR2bZm4n/ed0Uwxs/EypJkSu2WBSmkmBMZn+TgdCcoZxYQpkW9lbCRlRThjadkg3BW355lbQuq95VtXZfq9Qv8jiKcAKncA4eXEMd7qABTWAwhGd4hTdHOi/Ou/OxaC04+cwx/IHz+QMAZI2O</latexit>

t0

<latexit sha1_base64="rUsN0ap5AynOYpmPAO/i8/ntJLQ=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBg5REinosePFY0X5AG8pmO2mXbjZhdyOU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2d++wmV5rF8NJME/YgOJQ85o8ZKD7Jf65crbtWdg6wSLycVyNHol796g5ilEUrDBNW667mJ8TOqDGcCp6VeqjGhbEyH2LVU0gi1n81PnZIzqwxIGCtb0pC5+nsio5HWkyiwnRE1I73szcT/vG5qwhs/4zJJDUq2WBSmgpiYzP4mA66QGTGxhDLF7a2EjaiizNh0SjYEb/nlVdK6rHpX1dp9rVK/yOMowgmcwjl4cA11uIMGNIHBEJ7hFd4c4bw4787HorXg5DPH8AfO5w/9QY2M</latexit>n4
<latexit sha1_base64="rUsN0ap5AynOYpmPAO/i8/ntJLQ=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBg5REinosePFY0X5AG8pmO2mXbjZhdyOU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2d++wmV5rF8NJME/YgOJQ85o8ZKD7Jf65crbtWdg6wSLycVyNHol796g5ilEUrDBNW667mJ8TOqDGcCp6VeqjGhbEyH2LVU0gi1n81PnZIzqwxIGCtb0pC5+nsio5HWkyiwnRE1I73szcT/vG5qwhs/4zJJDUq2WBSmgpiYzP4mA66QGTGxhDLF7a2EjaiizNh0SjYEb/nlVdK6rHpX1dp9rVK/yOMowgmcwjl4cA11uIMGNIHBEJ7hFd4c4bw4787HorXg5DPH8AfO5w/9QY2M</latexit>n4

<latexit sha1_base64="Ksk3dQp0VDGw9AmVIkr3A6Y05GE=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBA8SNiV+DgGvHiMaB6QLGF2MpsMmZ1dZnqFsOQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7gkQKg6777aysrq1vbBa2its7u3v7pYPDpolTzXiDxTLW7YAaLoXiDRQoeTvRnEaB5K1gdDv1W09cGxGrRxwn3I/oQIlQMIpWelC9y16p7FbcGcgy8XJShhz1Xumr249ZGnGFTFJjOp6boJ9RjYJJPil2U8MTykZ0wDuWKhpx42ezUyfk1Cp9EsbalkIyU39PZDQyZhwFtjOiODSL3lT8z+ukGN74mVBJilyx+aIwlQRjMv2b9IXmDOXYEsq0sLcSNqSaMrTpFG0I3uLLy6R5UfGuKtX7arl2nsdRgGM4gTPw4BpqcAd1aACDATzDK7w50nlx3p2PeeuKk88cwR84nz/+xY2N</latexit>n5
<latexit sha1_base64="Ksk3dQp0VDGw9AmVIkr3A6Y05GE=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBA8SNiV+DgGvHiMaB6QLGF2MpsMmZ1dZnqFsOQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7gkQKg6777aysrq1vbBa2its7u3v7pYPDpolTzXiDxTLW7YAaLoXiDRQoeTvRnEaB5K1gdDv1W09cGxGrRxwn3I/oQIlQMIpWelC9y16p7FbcGcgy8XJShhz1Xumr249ZGnGFTFJjOp6boJ9RjYJJPil2U8MTykZ0wDuWKhpx42ezUyfk1Cp9EsbalkIyU39PZDQyZhwFtjOiODSL3lT8z+ukGN74mVBJilyx+aIwlQRjMv2b9IXmDOXYEsq0sLcSNqSaMrTpFG0I3uLLy6R5UfGuKtX7arl2nsdRgGM4gTPw4BpqcAd1aACDATzDK7w50nlx3p2PeeuKk88cwR84nz/+xY2N</latexit>n5

<latexit sha1_base64="b8O7jo70HJCSNxMatywXNl+GUnE=">AAAB+3icbVDLSsNAFJ34bOsr1qWbwSLUTUlE1GXBjcuK9gFtCJPptB06mYSZG2kN+RU3LhRx61e4cyH4N04fC209cOFwzr3ce08QC67Bcb6tldW19Y3NXL6wtb2zu2fvFxs6ShRldRqJSLUCopngktWBg2CtWDESBoI1g+HVxG/eM6V5JO9gHDMvJH3Je5wSMJJvFzvARgCQxpwOs3LgOye+XXIqzhR4mbhzUqrmHr4+bmv5mm9/droRTUImgQqiddt1YvBSooBTwbJCJ9EsJnRI+qxtqCQh0146vT3Dx0bp4l6kTEnAU/X3REpCrcdhYDpDAgO96E3E/7x2Ar1LL+UyToBJOlvUSwSGCE+CwF2uGAUxNoRQxc2tmA6IIhRMXAUTgrv48jJpnFbc88rZjUmjjGbIoUN0hMrIRReoiq5RDdURRSP0iJ7Ri5VZT9ar9TZrXbHmMwfoD6z3H/Cnl0M=</latexit>

pick(b0)
<latexit sha1_base64="b8O7jo70HJCSNxMatywXNl+GUnE=">AAAB+3icbVDLSsNAFJ34bOsr1qWbwSLUTUlE1GXBjcuK9gFtCJPptB06mYSZG2kN+RU3LhRx61e4cyH4N04fC209cOFwzr3ce08QC67Bcb6tldW19Y3NXL6wtb2zu2fvFxs6ShRldRqJSLUCopngktWBg2CtWDESBoI1g+HVxG/eM6V5JO9gHDMvJH3Je5wSMJJvFzvARgCQxpwOs3LgOye+XXIqzhR4mbhzUqrmHr4+bmv5mm9/droRTUImgQqiddt1YvBSooBTwbJCJ9EsJnRI+qxtqCQh0146vT3Dx0bp4l6kTEnAU/X3REpCrcdhYDpDAgO96E3E/7x2Ar1LL+UyToBJOlvUSwSGCE+CwF2uGAUxNoRQxc2tmA6IIhRMXAUTgrv48jJpnFbc88rZjUmjjGbIoUN0hMrIRReoiq5RDdURRSP0iJ7Ri5VZT9ar9TZrXbHmMwfoD6z3H/Cnl0M=</latexit>

pick(b0)

<latexit sha1_base64="D5ecDX8ng4BKTi/0g4ORuIXuFRA=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBg5RESvVY8OKxorWFNpTNdtIu3WzC7kYooT/BiwdFvPqLvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewtr6xuVXcLu3s7u0flA+PHnWcKoYtFotYdQKqUXCJLcONwE6ikEaBwHYwvpn57SdUmsfywUwS9CM6lDzkjBor3ct+vV+uuFV3DrJKvJxUIEezX/7qDWKWRigNE1Trrucmxs+oMpwJnJZ6qcaEsjEdYtdSSSPUfjY/dUrOrDIgYaxsSUPm6u+JjEZaT6LAdkbUjPSyNxP/87qpCa/9jMskNSjZYlGYCmJiMvubDLhCZsTEEsoUt7cSNqKKMmPTKdkQvOWXV8njZdWrV2t3tUrjIo+jCCdwCufgwRU04Baa0AIGQ3iGV3hzhPPivDsfi9aCk88cwx84nz8AWI2O</latexit>n6
<latexit sha1_base64="D5ecDX8ng4BKTi/0g4ORuIXuFRA=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBg5RESvVY8OKxorWFNpTNdtIu3WzC7kYooT/BiwdFvPqLvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewtr6xuVXcLu3s7u0flA+PHnWcKoYtFotYdQKqUXCJLcONwE6ikEaBwHYwvpn57SdUmsfywUwS9CM6lDzkjBor3ct+vV+uuFV3DrJKvJxUIEezX/7qDWKWRigNE1Trrucmxs+oMpwJnJZ6qcaEsjEdYtdSSSPUfjY/dUrOrDIgYaxsSUPm6u+JjEZaT6LAdkbUjPSyNxP/87qpCa/9jMskNSjZYlGYCmJiMvubDLhCZsTEEsoUt7cSNqKKMmPTKdkQvOWXV8njZdWrV2t3tUrjIo+jCCdwCufgwRU04Baa0AIGQ3iGV3hzhPPivDsfi9aCk88cwx84nz8AWI2O</latexit>n6

<latexit sha1_base64="HCWfK15oO7g/FuQ4F8PnCIjiobw=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBg5REivVY8OKxorWFNpTNdtIu3WzC7kYooT/BiwdFvPqLvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewtr6xuVXcLu3s7u0flA+PHnWcKoYtFotYdQKqUXCJLcONwE6ikEaBwHYwvpn57SdUmsfywUwS9CM6lDzkjBor3ct+vV+uuFV3DrJKvJxUIEezX/7qDWKWRigNE1Trrucmxs+oMpwJnJZ6qcaEsjEdYtdSSSPUfjY/dUrOrDIgYaxsSUPm6u+JjEZaT6LAdkbUjPSyNxP/87qpCa/9jMskNSjZYlGYCmJiMvubDLhCZsTEEsoUt7cSNqKKMmPTKdkQvOWXV8njZdW7qtbuapXGRR5HEU7gFM7Bgzo04Baa0AIGQ3iGV3hzhPPivDsfi9aCk88cwx84nz8B3I2P</latexit>n7
<latexit sha1_base64="HCWfK15oO7g/FuQ4F8PnCIjiobw=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBg5REivVY8OKxorWFNpTNdtIu3WzC7kYooT/BiwdFvPqLvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewtr6xuVXcLu3s7u0flA+PHnWcKoYtFotYdQKqUXCJLcONwE6ikEaBwHYwvpn57SdUmsfywUwS9CM6lDzkjBor3ct+vV+uuFV3DrJKvJxUIEezX/7qDWKWRigNE1Trrucmxs+oMpwJnJZ6qcaEsjEdYtdSSSPUfjY/dUrOrDIgYaxsSUPm6u+JjEZaT6LAdkbUjPSyNxP/87qpCa/9jMskNSjZYlGYCmJiMvubDLhCZsTEEsoUt7cSNqKKMmPTKdkQvOWXV8njZdW7qtbuapXGRR5HEU7gFM7Bgzo04Baa0AIGQ3iGV3hzhPPivDsfi9aCk88cwx84nz8B3I2P</latexit>n7

<latexit sha1_base64="Vii6bpiaIhcKChfJXKzi0IhciEo=">AAAB+3icbVDLSsNAFJ34bOsr1qWbwSLUTUlE1GXBjcuK9gFtCJPptB06mYSZG2kN+RU3LhRx61e4cyH4N04fC209cOFwzr3ce08QC67Bcb6tldW19Y3NXL6wtb2zu2fvFxs6ShRldRqJSLUCopngktWBg2CtWDESBoI1g+HVxG/eM6V5JO9gHDMvJH3Je5wSMJJvFzvARgCQxpwOs3Lguye+XXIqzhR4mbhzUqrmHr4+bmv5mm9/droRTUImgQqiddt1YvBSooBTwbJCJ9EsJnRI+qxtqCQh0146vT3Dx0bp4l6kTEnAU/X3REpCrcdhYDpDAgO96E3E/7x2Ar1LL+UyToBJOlvUSwSGCE+CwF2uGAUxNoRQxc2tmA6IIhRMXAUTgrv48jJpnFbc88rZjUmjjGbIoUN0hMrIRReoiq5RDdURRSP0iJ7Ri5VZT9ar9TZrXbHmMwfoD6z3H/Isl0Q=</latexit>

pick(b1)
<latexit sha1_base64="Vii6bpiaIhcKChfJXKzi0IhciEo=">AAAB+3icbVDLSsNAFJ34bOsr1qWbwSLUTUlE1GXBjcuK9gFtCJPptB06mYSZG2kN+RU3LhRx61e4cyH4N04fC209cOFwzr3ce08QC67Bcb6tldW19Y3NXL6wtb2zu2fvFxs6ShRldRqJSLUCopngktWBg2CtWDESBoI1g+HVxG/eM6V5JO9gHDMvJH3Je5wSMJJvFzvARgCQxpwOs3Lguye+XXIqzhR4mbhzUqrmHr4+bmv5mm9/droRTUImgQqiddt1YvBSooBTwbJCJ9EsJnRI+qxtqCQh0146vT3Dx0bp4l6kTEnAU/X3REpCrcdhYDpDAgO96E3E/7x2Ar1LL+UyToBJOlvUSwSGCE+CwF2uGAUxNoRQxc2tmA6IIhRMXAUTgrv48jJpnFbc88rZjUmjjGbIoUN0hMrIRReoiq5RDdURRSP0iJ7Ri5VZT9ar9TZrXbHmMwfoD6z3H/Isl0Q=</latexit>

pick(b1)
<latexit sha1_base64="NpjSAdLwFPKxJWvUbTaXhTE85ms=">AAAB+3icbVDLSsNAFJ3UV1tfsS7dBItQNyUpoi4LblxWtA9oQ5hMJ+3QySTM3EhryK+4caGIW7/CnQvBv3H6WGjrgQuHc+7l3nv8mDMFtv1t5NbWNza38oXi9s7u3r55UGqpKJGENknEI9nxsaKcCdoEBpx2Yklx6HPa9kdXU799T6VikbiDSUzdEA8ECxjBoCXPLPWAjgEgjRkZZRXfq516Ztmu2jNYq8RZkHI9//D1cdsoNDzzs9ePSBJSAYRjpbqOHYObYgmMcJoVe4miMSYjPKBdTQUOqXLT2e2ZdaKVvhVEUpcAa6b+nkhxqNQk9HVniGGolr2p+J/XTSC4dFMm4gSoIPNFQcItiKxpEFafSUqATzTBRDJ9q0WGWGICOq6iDsFZfnmVtGpV57x6dqPTqKA58ugIHaMKctAFqqNr1EBNRNAYPaJn9GJkxpPxarzNW3PGYuYQ/YHx/gPzsZdF</latexit>

pick(b2)
<latexit sha1_base64="NpjSAdLwFPKxJWvUbTaXhTE85ms=">AAAB+3icbVDLSsNAFJ3UV1tfsS7dBItQNyUpoi4LblxWtA9oQ5hMJ+3QySTM3EhryK+4caGIW7/CnQvBv3H6WGjrgQuHc+7l3nv8mDMFtv1t5NbWNza38oXi9s7u3r55UGqpKJGENknEI9nxsaKcCdoEBpx2Yklx6HPa9kdXU799T6VikbiDSUzdEA8ECxjBoCXPLPWAjgEgjRkZZRXfq516Ztmu2jNYq8RZkHI9//D1cdsoNDzzs9ePSBJSAYRjpbqOHYObYgmMcJoVe4miMSYjPKBdTQUOqXLT2e2ZdaKVvhVEUpcAa6b+nkhxqNQk9HVniGGolr2p+J/XTSC4dFMm4gSoIPNFQcItiKxpEFafSUqATzTBRDJ9q0WGWGICOq6iDsFZfnmVtGpV57x6dqPTqKA58ugIHaMKctAFqqNr1EBNRNAYPaJn9GJkxpPxarzNW3PGYuYQ/YHx/gPzsZdF</latexit>

pick(b2)

<latexit sha1_base64="UkIVYHHEe46fgd2QdMltwL9/egU="></latexit>

⇡(pick(b0)|n4) = 0.9
<latexit sha1_base64="UkIVYHHEe46fgd2QdMltwL9/egU="></latexit>

⇡(pick(b0)|n4) = 0.9
<latexit sha1_base64="cTb0CFFcFswy2/TtZ3gbM7WdnZw="></latexit>

�(pick(b0)|n4) = 0.5
<latexit sha1_base64="cTb0CFFcFswy2/TtZ3gbM7WdnZw="></latexit>

�(pick(b0)|n4) = 0.5
<latexit sha1_base64="A3NzL1Q2X0WWNnJOKvNi0m8TAu4=">AAACE3icbVC7SgNBFJ2NrxhfUUubIUFILMJuCJpGCNhYRjAPyIZldjJJhszOLjN3xbDmH2z8FRsLRWxt7PwbJ49CEw9cOJxzL/fe40eCa7Dtbyu1tr6xuZXezuzs7u0fZA+PmjqMFWUNGopQtX2imeCSNYCDYO1IMRL4grX80dXUb90xpXkob2EcsW5ABpL3OSVgJC975vpEYTfiBewCuweAJOJ0NCn4nl3ED1h6lSK+xHapWvayebtkz4BXibMgebRA3ct+ub2QxgGTQAXRuuPYEXQTooBTwSYZN9YsInREBqxjqCQB091k9tMEnxqlh/uhMiUBz9TfEwkJtB4HvukMCAz1sjcV//M6MfSr3YTLKAYm6XxRPxYYQjwNCPe4YhTE2BBCFTe3YjokilAwMWZMCM7yy6ukWS4556XKTSVfyy3iSKMTlEMF5KALVEPXqI4aiKJH9Ixe0Zv1ZL1Y79bHvDVlLWaO0R9Ynz/cg5t7</latexit>

⇡̄(pick(b0)|n4) = 0.82
<latexit sha1_base64="A3NzL1Q2X0WWNnJOKvNi0m8TAu4=">AAACE3icbVC7SgNBFJ2NrxhfUUubIUFILMJuCJpGCNhYRjAPyIZldjJJhszOLjN3xbDmH2z8FRsLRWxt7PwbJ49CEw9cOJxzL/fe40eCa7Dtbyu1tr6xuZXezuzs7u0fZA+PmjqMFWUNGopQtX2imeCSNYCDYO1IMRL4grX80dXUb90xpXkob2EcsW5ABpL3OSVgJC975vpEYTfiBewCuweAJOJ0NCn4nl3ED1h6lSK+xHapWvayebtkz4BXibMgebRA3ct+ub2QxgGTQAXRuuPYEXQTooBTwSYZN9YsInREBqxjqCQB091k9tMEnxqlh/uhMiUBz9TfEwkJtB4HvukMCAz1sjcV//M6MfSr3YTLKAYm6XxRPxYYQjwNCPe4YhTE2BBCFTe3YjokilAwMWZMCM7yy6ukWS4556XKTSVfyy3iSKMTlEMF5KALVEPXqI4aiKJH9Ixe0Zv1ZL1Y79bHvDVlLWaO0R9Ynz/cg5t7</latexit>

⇡̄(pick(b0)|n4) = 0.82

<latexit sha1_base64="UsYG0MJubz4NvRpYM7go4Xz09Yk=">AAACEXicbVDLSsNAFJ3UV62vqEs3Q4vQbkJSqnYjFNy4rGBroQlhMpm0QyeTMDMRSugvuPFX3LhQxK07d/6N08eith64cDjnXu69J0gZlcq2f4zCxubW9k5xt7S3f3B4ZB6fdGWSCUw6OGGJ6AVIEkY56SiqGOmlgqA4YOQhGN1M/YdHIiRN+L0ap8SL0YDTiGKktOSbVTdAAroprXL/ogavoW0169DFYaLgktWo+WbFtuwZ4DpxFqQCFmj75rcbJjiLCVeYISn7jp0qL0dCUczIpORmkqQIj9CA9DXlKCbSy2cfTeC5VkIYJUIXV3CmLk/kKJZyHAe6M0ZqKFe9qfif189U1PRyytNMEY7ni6KMQZXAaTwwpIJgxcaaICyovhXiIRIIKx1iSYfgrL68Trp1y7m0GneNSqu8iKMIzkAZVIEDrkAL3II26AAMnsALeAPvxrPxanwYn/PWgrGYOQV/YHz9Al4vmiA=</latexit>

⇡̄(n5) = 0.82 · ⇡̄(n4)
<latexit sha1_base64="UsYG0MJubz4NvRpYM7go4Xz09Yk=">AAACEXicbVDLSsNAFJ3UV62vqEs3Q4vQbkJSqnYjFNy4rGBroQlhMpm0QyeTMDMRSugvuPFX3LhQxK07d/6N08eith64cDjnXu69J0gZlcq2f4zCxubW9k5xt7S3f3B4ZB6fdGWSCUw6OGGJ6AVIEkY56SiqGOmlgqA4YOQhGN1M/YdHIiRN+L0ap8SL0YDTiGKktOSbVTdAAroprXL/ogavoW0169DFYaLgktWo+WbFtuwZ4DpxFqQCFmj75rcbJjiLCVeYISn7jp0qL0dCUczIpORmkqQIj9CA9DXlKCbSy2cfTeC5VkIYJUIXV3CmLk/kKJZyHAe6M0ZqKFe9qfif189U1PRyytNMEY7ni6KMQZXAaTwwpIJgxcaaICyovhXiIRIIKx1iSYfgrL68Trp1y7m0GneNSqu8iKMIzkAZVIEDrkAL3II26AAMnsALeAPvxrPxanwYn/PWgrGYOQV/YHz9Al4vmiA=</latexit>

⇡̄(n5) = 0.82 · ⇡̄(n4)

<latexit sha1_base64="jchPliNsCkHzguyBHOtkm/fPvOo=">AAACBnicbVDLSsNAFJ3UV62vqEsRhhah3ZREWnUjFNy4rGAf0IQwmU7aoZNJmJkIJWTlxl9x40IRt36DO//GaZuFth64cDjnXu69x48Zlcqyvo3C2vrG5lZxu7Szu7d/YB4edWWUCEw6OGKR6PtIEkY56SiqGOnHgqDQZ6TnT25mfu+BCEkjfq+mMXFDNOI0oBgpLXnmaVCF3GvCGryGTiAQTptZ6sS0qsVa5pkVq27NAVeJnZMKyNH2zC9nGOEkJFxhhqQc2Fas3BQJRTEjWclJJIkRnqARGWjKUUikm87fyOCZVoYwiIQuruBc/T2RolDKaejrzhCpsVz2ZuJ/3iBRwZWbUh4ninC8WBQkDKoIzjKBQyoIVmyqCcKC6lshHiMdhtLJlXQI9vLLq6R7Xrcv6o27RqVVzuMoghNQBlVgg0vQAregDToAg0fwDF7Bm/FkvBjvxseitWDkM8fgD4zPH/KultE=</latexit>

f(n5) =
5

⇡(n5)

<latexit sha1_base64="jchPliNsCkHzguyBHOtkm/fPvOo=">AAACBnicbVDLSsNAFJ3UV62vqEsRhhah3ZREWnUjFNy4rGAf0IQwmU7aoZNJmJkIJWTlxl9x40IRt36DO//GaZuFth64cDjnXu69x48Zlcqyvo3C2vrG5lZxu7Szu7d/YB4edWWUCEw6OGKR6PtIEkY56SiqGOnHgqDQZ6TnT25mfu+BCEkjfq+mMXFDNOI0oBgpLXnmaVCF3GvCGryGTiAQTptZ6sS0qsVa5pkVq27NAVeJnZMKyNH2zC9nGOEkJFxhhqQc2Fas3BQJRTEjWclJJIkRnqARGWjKUUikm87fyOCZVoYwiIQuruBc/T2RolDKaejrzhCpsVz2ZuJ/3iBRwZWbUh4ninC8WBQkDKoIzjKBQyoIVmyqCcKC6lshHiMdhtLJlXQI9vLLq6R7Xrcv6o27RqVVzuMoghNQBlVgg0vQAregDToAg0fwDF7Bm/FkvBjvxseitWDkM8fgD4zPH/KultE=</latexit>

f(n5) =
5

⇡(n5)

<latexit sha1_base64="ZQkIlNlxkROONiALfST3oENCWTk="></latexit>

⇡(pick(b1)|n4) = 0.01
<latexit sha1_base64="ZQkIlNlxkROONiALfST3oENCWTk="></latexit>

⇡(pick(b1)|n4) = 0.01
<latexit sha1_base64="vUY1/f8rjHVogKLf7E9rZ3LLnH0="></latexit>

�(pick(b1)|n4) = 1.0
<latexit sha1_base64="vUY1/f8rjHVogKLf7E9rZ3LLnH0="></latexit>

�(pick(b1)|n4) = 1.0
<latexit sha1_base64="cAcpf8SSTgp6kPucMqS8TNXeoe0=">AAACE3icbVC7SgNBFJ31GeNr1dJmSBASi7AbgtoIARvLCOYB2bDMTibJkNnZZeauGNb8g42/YmOhiK2NnX/j5FFo4oHLPZxzLzP3BLHgGhzn21pZXVvf2MxsZbd3dvf27YPDho4SRVmdRiJSrYBoJrhkdeAgWCtWjISBYM1geDXxm3dMaR7JWxjFrBOSvuQ9TgkYybdPvYAo7MW8gD1g9wCQxpwOx4XAd4v4AUu/UsSX2Ck5Zd/OmzYFXibunOTRHDXf/vK6EU1CJoEKonXbdWLopEQBp4KNs16iWUzokPRZ21BJQqY76fSmMT4xShf3ImVKAp6qvzdSEmo9CgMzGRIY6EVvIv7ntRPoXXRSLuMEmKSzh3qJwBDhSUC4yxWjIEaGEKq4+SumA6IIBRNj1oTgLp68TBrlkntWqtxU8tXcPI4MOkY5VEAuOkdVdI1qqI4oekTP6BW9WU/Wi/VufcxGV6z5zhH6A+vzB9Hum3Q=</latexit>

⇡̄(pick(b1)|n4) = 0.02
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Figure 1: [I.] A 2D depiction of a planning problem. Three blocks are initially placed on the table on the left
side (t0). The blue and green blocks (b0, b1) must be unstacked and moved to the table on the right (t1), however
a tall grey block (b2) obstructs any grasp. [II.] A snapshot of tree search where the node being expanded (n4)
corresponds to partial skeleton which first moves b2 and then b1 to t1. The policy is now queried to determine
which action to explore next. [III.] The state corresponding to node n4 is encoded as a graph and passed to
a Graph Attention Network (GAT) which produces a contextual embedding of each object. A second GAT
produces an embedding of the applicable actions, and the result is passed to an output layer which computes a
softmax. [IV.] The tree search continues with node priorities of n4’s children having been computed using the
policy and empirical action feasibility estimates from the database Φ. [V.] When an action skeleton is found, and
a refinement attempt fails, Φ is updated, leading to new priorities in subsequent tree search iterations.

our proposed method compared to existing approaches for sampling-based TAMP, such as [1], show
significant (37%) improvement in the number of unseen problems solved.

2 Our Approach

2.1 Lazy Bi-Level Search

Our overall framework is a bi-level search, similar to prior work ([1], [2]). In every iteration, we
search for an action skeleton a⃗ which is a sequence of discrete and high-level actions, with continuous
parameters left as variables (for instance, grasp poses and placement poses). See Fig. 2 for an
example. This outer search for an action skeleton is guided by a priority function f . We describe how
f is defined in section 2.2 and elaborate on the details of skeleton search in section 2.3.

Once an action skeleton is found in the outer search, we perform the inner search for the assignments
(groundings) of the continuous valued parameters in a⃗. We refer to this as skeleton refinement, and
elaborate on it in section 2.4. The overall procedure terminates when refinement is successful, in
which case a complete trajectory is returned. Otherwise, the result of the refinement is used to update
the priority function f , and the next iteration begins, yielding a potentially different action skeleton.
We refer to the process of incorporating the result of refinement into the priority function used by
the outer search as feedback and detail our approach in section 2.5. The search fails to solve a given
problem if the allotted planning time runs out before a trajectory is found. We provide pseudocode of
this overall algorithm in the appendix.

2.2 Skeleton Search Routines and their Priority Functions

We build on ideas from Levin Tree Search (LevinTS) [3] as a way to incorporate a policy to guide the
search while maintaining guarantees about completeness and search effort that relate to the quality of
the policy. We assume that we are given a policy π(a|s,G) which predicts a probability distribution
over applicable actions (i.e. logical state transitions) conditioned on a logical state s ∈ S and goal
G ⊂ S , where S is the set of all logical states. Given a node n in the search tree and its corresponding
state and action sequence s0, ..., sk a0, ..., ak−1, we use π(a|s,G) to define the LevinTS priority
function f(n) based on π(a|s,G) and the length of the sequence leading up to n, which we denote
d0(n):

π(n) =

k−1∏
i=0

π(ai|si,G), f(n) =
d0(n)

π(n)
(1)
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LevinTS prioritizes nodes n with low f value, namely nodes with high probability under Eqn. 1 and
reachable by fewer actions than other leaf nodes in the search tree. We use behavior cloning to train
the policy π(a|s,G) from demonstrations.

2.3 Lazy Stream Instantiation in Skeleton Search

Our outer search for an action skeleton is ‘lazy’ in two respects. First, it is lazy in that it defers
invoking any stream samplers until a full action skeleton has been found. In this respect, it is identical
to that of the ‘optimistic’ variants of PDDLStream algorithms described in prior work [1]. Second,
the search is ‘lazy’ in that streams are instantiated just-in-time, to support node expansion, as opposed
to being eagerly instantiated in batch as in prior work. The main advantages of this is that (1) it
allows a goal-seeking heuristic to guide the instantiation of streams and (2) it avoids the cost of the
exhaustive search which is incurred by prior works when the instantiated streams are insufficient to
support a plan.

In order to implement lazy stream instantiation, we modify the logical successor function used in the
tree search to determine which streams need to be instantiated in order to produce the stream-certified
preconditions of a logically applicable action. We use a simplified partial order planner to solve this
problem for each applicable action. This can be done efficiently due to the restricted semantics of
streams.

Figure 2: A plan skeleton to move an object b1 from
table t0 to table t1. There are four parameters which
are unspecified: the grasp pose ?g1, its associated robot
configuration ?q1, the placement pose ?x1 and its con-
figuration ?q2.

A by-product of performing this check, is that
we construct a ‘computation graph’ (CG) for the
parameters in our plan skeleton. This takes the
form of a directed acyclic hypergraph where the
root nodes are objects in I , the hyper-edges cor-
respond to streams, and the internal/leaf nodes
are objects sampled from those streams. The
CG for a given action skeleton defines a partial
order over sampling operations for producing
satisfying assignments of the skeleton’s param-
eters. We maintain this structure at each node of
the search tree. An example of a CG for a two
step action skeleton is depicted in figure 2. Note
that different skeletons may include objects with
different identifiers which have the same com-
putation graph. For example, any skeleton which includes an action that picks up an object is going
to have a parameter corresponding to a grasp of that object. If we find that one such object has low
feasibility (i.e. the sequence of streams that should produce it repeatedly fail), then this information
should carry over to other plans which include ‘similar’ objects. Therefore, we define the concept of
a CG key. If two objects share a CG key, this means that barring a renaming of variables, they have
identical computation graphs.

2.4 Skeleton Refinement (Inner Search)

Skeleton refinement refers to the process of evaluating stream instances in the computation graph in
order to produce assignments of a skeleton’s continuous parameters. These sampling operations can
fail if there are no feasible outputs conditioned on its inputs. For instance, as shown in Fig. 2, if we
sample a particular grasp ?g1 for the pick action in the first step of the plan there may be no feasible
inverse kinematics solution ?q2 for the subsequent placement action. In this work, we use a simple
backtracking search which backtracks to the first action upon reaching a dead-end.
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2.5 Incorporating Feedback

If skeleton refinement fails, this means that we were unable to find feasible assignments for one or
more of the parameters of some action(s) in the skeleton. We would therefore like to modify the f
value for failed actions so that the next iteration may avoid these in the search for a plan skeleton.

By maintaining statistics about the success or failure of stream instances in the computation graph of
the skeleton, we can empirically estimate the probability of successfully sampling a feasible value for
each parameter in the plan and identify bottleneck streams.

Since each action includes one or more parameters, we define the feasibility estimate for an action in
a given state ϕ(a|s) as:

ϕ(a|s) := min
stream∈a.streams

N stream
success + 1

N stream
attempts + 1

(2)

Note that before we have sampled a particular action’s parameters, this definition leads to an estimate
of ϕ(a|s) = 1, meaning that we assume initially that all actions are feasible.

We incorporate these feasibility estimates into the f function in each iteration after a failed refinement.
If during the course of sampling a candidate plan, we find that a2 is infeasible, then we would like
to decrease the policy’s probability of taking that action in the next iteration. So, given an edge
feasibility function ϕ(a|s) → [0, 1] we define π̄(a|s,G) = π(a|s,G)ϕ(a|s)∑

a′ π(a′|s,G)ϕ(a′|s) .We use π̄(a|s,G) to
define π̄(n) in the same way as described in equation 1.

Note that prior to obtaining empirical estimates for ϕ, we have π̄ = π. Furthermore, actions which
are found to be infeasible are deprioritized online in subsequent iterations, allowing the task planner
to focus on more promising action sequences.

3 Experimental Results

Figure 3: Percentage of problems solved as a function
of planning time.

We use behavior cloning to train a single goal-
conditioned policy π(a|s,G) from a set of
demonstrations collected by a TAMP solver.
This training set consists of 400 problems of
4 different types. We test on a set of 500 held
out test problems involving more objects and
longer solutions.

We evaluate 3 variants of policy-guided search
from our framework. The first two (i.e.
LAZY(beam1), and LAZY(beam10)) are in-
stances of beam search with beam widths of
W = 1 and W = 10 respectively. The third (i.e.
LAZY(bfs)), is an instance of best-first-search.
All of these variants use the LevinTS priority
function from equation 1. In figure 3, we compare these to INFORMED [4], a prior work which uses
learned models to prioritize the inclusion of stream instances according to their predicted relevance to
the planning problem, and ADAPTIVE [1] which does not use learning. We find that LAZY(beam1)
is consistently the highest performer, solving an average of 96% of test problems within the allotted
time.

We also evaluate two ablations of our method, shown in dotted lines in figure 3. The first, ‘policy-only’
simply uses the learned policy greedily to find a single plan skeleton which it tries to refine for the
remainder of the time. The second, ‘search-only’ uses the lazy search with feedback framework
without a guidance policy. The results show that, although the policy is effective at guiding search, it
is not sufficiently good as to do away with search altogether, and benefits greatly from the overarching
framework. Similarly, the relatively poor performance of ‘search-only’ demonstrates that both
components contribute significantly to the overall success of our proposed approach.
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Figure 4: Left: Percentage of test problems solved by LAZY(beam1) as a function of the training set size. Right:
Average planning time as a function of training set size.

In order to shed light on the effect of training set size on the performance of the planner, we trained
policies on increasing subsets of the full training set, and evaluated their performance on the test set.
We report the percentage of problems solved within the 90 second timeout, as well as the average
planning time as a function of the training set size. We find that LAZY(beam1) outperforms baselines
with only 50 training examples, and continues to improve on both metrics as more training data is
used.

4 Conclusion

In this work, we proposed bi-level lazy search guided by learned goal-conditioned policies as a
method for solving TAMP problems expressed using the PDDLStream formalism. We evaluated this
approach experimentally against existing solvers, including prior work which uses learned models,
and demonstrated significant improvements in planning times and solve rates across a range of unseen
manipulation problems using a 7DoF robot arm.
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[7] P. Veličković, G. Cucurull, A. Casanova, A. Romero, P. Liò, and Y. Bengio. Graph Attention
Networks. International Conference on Learning Representations, 2018. URL https://
openreview.net/forum?id=rJXMpikCZ.

[8] S. Brody, U. Alon, and E. Yahav. How attentive are graph attention networks? In International
Conference on Learning Representations, 2022. URL https://openreview.net/forum?id=
F72ximsx7C1.

6

http://dx.doi.org/10.1177/0278364918761570
https://doi.org/10.1177/0278364918761570
https://doi.org/10.1177/0278364918761570
https://openreview.net/forum?id=rJXMpikCZ
https://openreview.net/forum?id=rJXMpikCZ
https://openreview.net/forum?id=F72ximsx7C1
https://openreview.net/forum?id=F72ximsx7C1


A Pseudocode

Algorithm 1: Lazy Bi-Level Search

def LAZY(n0, G, search, f)
Φ = ∅
while not timed out

# n is a descendent of n0

# a⃗ is the corresponding action sequence
a⃗, n := search(n0,G, f)
if n = null

break
# maintain fail/success counts in Φ

θ⃗ := refine(⃗a,Nmax,Φ)

if θ⃗ ̸= null
# actions and their grounded parameters
return a⃗(θ⃗)

# some step in the plan failed
# update priority function f
use Φ to update f

return null # failure due to timeout

Algorithm 2: Skeleton Refinement

def refine(⃗a,Nmax,Φ)
for d := 0 to Nmax

θ⃗ := ∅
for a ∈ a⃗

for stream ∈ a.streams
o = next(stream)
Φ[stream].attempts++
if o = null

break # fail
Φ[stream].success++
θ⃗ := θ⃗ ∪ {o}

if a failed
if a never succeeded before # deadend

break
else

change θ⃗ to previous success
return null if failed else θ⃗

B Architecture and Training of the Skeleton Search Policy

As described in section 2.2, in order to guide the skeleton search (using the LevinTS priority function),
we require a policy π(a|s,G) which assigns a probability distribution over applicable actions in a
given state. One challenge here is that, since we are performing a search in the space of plan skeletons,
we only have access to the low-level state in the initial scene. This is because the actions (i.e. logical
transitions) that we consider during our skeleton search have parameters (e.g. motions, poses, etc)
which are left unspecified. For instance, a plan skeleton which places an object on the table will not
specify the precise grasp used, or the precise final pose of the object on the table. We would like to
learn a policy πθ(a|ŝ,G) where ŝ = ⟨I, a⃗⟩ describes the low-level initial state, and the logical partial
skeleton, and G describes the set of desired facts in the goal.
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B.1 State and Goal Representation

In this work, we consider policies parametrized by Graph Neural Networks [5]. An illustration of the
end-to-end architecture is shown in figure 1. We encode a state s and goal G as a graph, with nodes
representing objects (e.g. table2, block1, robot) and edges between them representing facts which
hold (e.g. block1 is on table2) in s or G, following prior work [6, 4]. Node features encode the type
of object, the precise 3D pose (if unchanged from I), and size of the object. We use Graph Attention
Networks (GAT) [7, 8] to produce contextual embeddings for each of the objects.

B.2 Action Representation

The set of applicable actions A(s) at a given state comprise the domain of the probability distribution
which should be predicted by the policy. Each action consists of the name of an operator (e.g.
pick/place/stack/unstack) encoded using a 1-hot vector of fixed size, as well as a tuple of discrete
parameters, whose encodings are obtained from the final layer of the GAT. We employ a second
attention network which allows each of these actions to attend to every object in the state, and produce
an embedding which is then passed to a simple multilayer perceptron and softmax layer to produce
the final probability distribution over actions.

B.3 Partial Plan Representation

We experimented with using a recurrent neural network (RNN) on the sequence of states resulting
from the partial plan a⃗ to obtain a history-dependent encoding. However, we found that simply
discarding the partial plan, and using only the graph corresponding to the final logical state of the
partial plan led to similar prediction accuracy and superior planning performance. We hypothesize that
history features were not required in our tasks, but may be important under different circumstances.

B.4 Training and Data Collection

We use behavior cloning to train the policy from demonstrations. We generate these by using our
algorithm with the A* priority function on the set of training problems {I(i),G(i)}Ni=1.

Note that the returned action sequences a⃗(θ⃗)(i) will have all of their continuous parameters fully
specified. In order to train the policy for skeleton search, we extract the high level actions a(i)

1:T (i)

from the returned trajectory, and use the known high level transition function to extract the sequence
of high level states s(i)

0:T (i−1) .

We then construct a behavior cloning dataset consisting of goal, state and action tuples
{⟨G(i), s

(i)
j−1, aj⟩}i=N,j=T (i)

i=1,j=1 and train our models to minimize the cross-entropy loss between the
demonstration and predictions.

C Experimental Details

C.1 Problem Types

Evaluation of LAZY was conducted across five problem types involving a 7DoF robot arm. Problems
are divided into five categories which share a domain definition, but present different challenges to
the planner. Example scenes are shown in figure 5. There are two types of blocks in these problems
(not distinguished logically): blocks (shorter) and blockers (taller). The robot arm is surrounded by
four tables.

In Stacking, blocks are arranged randomly in each scene, and the goal is to assemble them into
specific towers. In Sorting, the goal is to move colored blocks to the table with the corresponding
color. Blockers may need to be moved if they obstruct a plan, but must be returned to their original
tables. Test problems involved up to 10 blocks and 10 blockers. In Random, blocks need to be
stacked or rearranged, and blockers may obstruct actions. Clutter problems are similar to Random,
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(a) Clutter (b) Random (c) Sorting

(d) Stacking (e) Distractors

Figure 5: Typical example of the evaluation tasks in each environment.

but contain twice as many blockers, and initial positions are sampled using ordered Poisson-Disc
Sampling so that there is a higher chance of obstructions. Finally, in Distractors, blocks need to be
stacked or rearranged in the presence of "distractor" objects which are placed on a separate table.
Unlike the blockers in other problem types, distractors do not appear in the goal, and never need to
be interacted with. This problem type tests the planner’s ability to ignore irrelevant objects.

For each problem type, we randomly generate 100 instances which are used to train the model
and 100 held-out test instances which we use for evaluation. We do not train the model on any
Distractors problems, but instead reserve these just for testing. The training instances are drawn
from distributions with few objects/goals so that the baseline is able to solve the majority of them
within the timeout. We sample more challenging instances from a different distribution for testing
to evaluate the model’s ability to generalize to harder problems with more objects than those seen
during training. Initial placement of objects and their goal states are randomly generated in each
problem, so that even problems of the same type with the same number of objects will have different
solutions.

All experiments are conducted using 2 cores of an Intel Broadwell processor with an 8GB memory
limit. All methods use a 90 second planning timeout, so we report the proportion of problems solved
within the timeout, as well as average planning times for solved instances.
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