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Introduction Stack re-configuration problems: How many hands needed, one or two? Computational model: Integrating symbolic,

T — geometric, and dynamic constraints

stack stack

- Physical problem solving is a core aspect of intelligence and ubiquitous in

everyday cognition: from young children stacking cups, to adults moving - Symbolic plans are a sequence of abstract motion primitives (Grasp, Fix,

furniture to redesign a room. Human-like flexible problem-solving heavily LW . | F=0.73 o < Place). We use Monte Carlo Tree Search to satisfy symbolic constraints.
draws upon common-sense reasoning and model building. > . - Geometric constraints are used to find hand and object trajectories under a
i : : - @ ' bolic plan. We use the KOMO solver to satisfy these constraints.

- We introduce a new paradigm, the stack re-configuration problems, to study g glven symbolic p

human physical problem solving in complex sequential object manipulation IProbIem 2I1 Probler!34 B Sos - Dynamic constraints are used to test the solutions for physical stability. We

tasks. %’E use a physics engine to satisfy these constraints.
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- Computational requirements: (1) An abstract high-level symbolic plan (e.q., - S o harde and ctable

place the red block on top of the blue block, etc.), (2) executing such plans Q02 Initial stack Target stack 1. Grasp(R, handL)

taking into account the geometric (e.g., positions, shapes, etc.) and (3) O \s g; A {;r 1. Grasp(¥, handk)

dynamic constraints (e.g., physical stability, Weight of objects, etc.). Do ou ik th person s olyanehand o o Bands? 1 2 3 45 6 7 8 9 10 1112 13 14 15 1;| 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 - = 2. Fix(R, Y, handlL)

Problem #

- We draw inspiration from two separate fields to satisfy these requirements: -

(1) research on mental simulation, and (2) optimal control theory.

C
Results: Full and lesioned model | Future directi70ns: Goal & action inference T Grasp(R, handh
Which goal does the agent pursue: Which action did the agent perform? it

. Place(Y, T, handR)
. Grasp(R, handR)

. Fix(R, Y, handR)

. Grasp(Y, handR)

. Fix(Y, B, handR)

- Symbolic cost, sjj: Each solution, j, for each problem, i, is
assigned a cost as the number of steps in its symbolic plan.
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- Approximate effort cost, fi: Each 2 ol State Action Action 1 Action 2 Goal § : Unstable
: : .. 9
solution, j, for each problem, i,is = 8-‘21_ lusi )
assigned a cost as the total ol Conclusions
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