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the brachistochrone problem
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how does the ball know where to roll??

It doesn’t. It just follows 
Newton’s laws at every 

instant in time

F=ma

Every path has a score called 
“action”. The actual path is 

the one with the lowest score
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Standard Model Formula

min action
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How do plants respond to drought stress?

What are plants optimizing for? 

What are the most important traits that explain the 
plant’s behavior?

How do different plant species differ in their water 
management strategies? 
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3 top speed 4

3.5 weight 5





• intelligent agent

• perceives its environment

• takes actions autonomously

• in order to achieve goals

• may improve its 

performance with learning 
or may use knowledge
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• intelligent agent

• perceives its environment

• takes actions autonomously

• in order to achieve goals

• may improve its 

performance with learning 
or may use knowledge

keywords: artificial intelligence, machine learning,

reinforcement learning, optimal control theory
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strategy 1: drive at full throttle

H = A(gs)−λ ⋅ E(gs)
instantaneously optimize

water use efficiencyλ =
∂A
∂E

gs(t) is such that

is maximumH

transpiration
assimilation

soil moisture
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(extensive parameters) pot size 
and leaf area


        >

(intensive parameters) 
photosynthetic params.
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A(gs) H = A(gs)−λ ⋅ E(gs)

plant should maximize 
 over time interval TA(gs)

H =
1
T ∫

T

0
A(gs)dt−λ ⋅ E(gs)

Cowan & Farquhar (1977), Mäkelä et al. (1996), 
Manzoni et al. (2013), Mrad et al. (2019)
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∫
∞

0
e−ρt A(gs)dt

discount!
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ρ → ∞ρ → 0

short time horizon
“there’s only present” opt.


risk-taking


anisohydric

long time horizon
“present = future” opt.


risk-averse


isohydric

exploration exploitation



take-home message
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Created by iconghost
from the Noun Project
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Created by Justin Blake
from the Noun Project


