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How can we generate
context-dependent control policies?



Number of infected farms

100

50

Small area

Area of outbreak

Large area

Optimal action

- Cull at 2km radius
- Cull at 1km radius

Vaccinate at 1km radius



A policy for FMD control

Optimal action

- Cull at 2km radius
- Cull at 1km radius

Policy optimises control action for
the particular realisation of the

outbreak (i.e. the ‘state’)
Vaccinate at 1km radius

Number of infected farms

Area of outbreak



Epsilon-soft Monte Carlo control

Initial
inputs Outputs

Parameters Reali;ed
Simulate an outbreak duration
Arbitrary —®  using simulation - _
starting il Realized
policy states

/ Realized

actions
Updated
Inputs /

Updated Update value function
policy "
Update probabilistic policy
Updated Adjust learning

Sutton and Barto (1998) Reinforcement learning: An Introduction. MIT Press.



Reinforcement learning example: Windy gridworld

Hyperparameters
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Reinforcement learning

 Circular landscape of 4000 farms
* Transmission model:

e States:

Tildesley et al., (2008); Keeling et al., (2001)

Area of outbreak

Number of infected premises

* Objective:

minimise outbreak duration

e Actions:

Culling at 2km or 4km rings
Vaccination at 2km or 4km rings

Change every 3 days
Constraints:

Global limit on number of carcasses present

Delay to immunity of vaccination



‘Policy space’ in the context
of an outbreak
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Cull: 0 & 2.0 km
Cull: 0 & 4.0 km
Vacc: 0 & 2.0 km
Vacc: 0 & 4.0 km
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Number of infected farms

Early in the outbreak large scale vaccination
IS optimal but above a threshold size it is
better to use small scale culling/vax

Area of outbreak

Cull: 0 & 2.0 km
Cull: 0 & 4.0 km
Vacc: 0 & 2.0 km
Vacc: 0 & 4.0 km

500

600
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Carcass constraint

10,000

20,000

40,000

Culling becomes optimal as
constraint on carcasses is
increased
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Outbreak duration (days)

Simulated performance experiments*
(1000 runs)

Culling Vaccination




Summary

RL generates state-dependent control policies that capitalise
upon wealth of existing computer simulation models.

Allows search for non-intuitive control strategies.
(i.e. we aren’t required to think of all possible interventions a prior)

Highlights concordance in control policies across stakeholders.

Using a small number of states allows Al to augment human
decision-making, not replace lit.
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Summary

RL generates state-dependent control policies that capitalise
upon wealth of existing computer simulation models.

Allows search for non-intuitive control strategies.
(i.e. we aren’t required to think of all possible interventions a prior)
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