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Idea: control of shapes in non-equilibrium clusters Case study: electromigration-driven islands

For colloids:
® Electrophoresis,
® Thermophoresis,
®* Magnetic force...
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Electromigration: current-induced mass
transport that arises from a momentum
exchange between conducting electrons
and island atoms.

How to

change F7?

Science 328, 736-740 (2010)
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Science 327, 445-448 (2010)
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Islands, Mounds and Atoms, Springer (2004)
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F = macroscopic control parameter Surface Science 318, 74-82 (1994) : %‘1
- _ Crys. Growth Des. 18, 6078-6083 (2018) g
e.g.: electric field, temperature gradient.... Science 327, 445-448 (2010) i+
Model: lattice model Method 1: Dynamic Programming (DP)

Start

Compute the optimal policy on the state space. This pro-
blem can be seen as the optimization of the first passage
time on the graph of the dynamics.

Requires complete knowledge of the governing laws of the
environment.

Rate: v(s,s') = 1y e KT
Energy barrier: By =nJ — F - u *
1

Mean res. time: t(s) =

Zs’ ’7(37 S/)
How to obtain the . .
sl Taliey e Method 2: Reinforcement Learning (RL)
control the cluster? _
Action
® States: ) .
Island shapes Learn from experience and find the optimal policy. This EEI\\/Illcranln'ent
® Actions: method is closer to what could be done in an experiment. ( simulation)
by = (—Fo, 0, Fo) BN
® Rewards: L]
1. (s) Requires continued observation of the evolution of the .==.
C(until target is reached) ST \ T
Aim: minimize physical time State, Reward

to reach a given target

Degeneracy of 7, Expected return time to target
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Discontinuity of 7. (T) control of the cluster shape is optimal.
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The optimal action on the 55 Is a common feature that appears as 105_;
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temperature. 103_3 The minimum is not only observed 103
in the return time to target, but also :
102 when starting from other states in the 102
f : system. :
0 2 4 6 8 0 2 4 6 S
1/T /T
Perspectives
We can learn a policy by observing the environment! P
This policy is still better than the unbiased environment
or a random policy, but not as efficient as the optimal By increasing the observation time of the environment, e ) | Feati loid o) b
policy computed with DP. the optimal policy learned by the RL agent approaches xperimental application on colloids seems quantitatively reasonable.
the performance of the one computed with DP.
At high temperatL.Jres, learning is difficult because of Consider non mass-preserving processes.
thermal fluctuations.
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