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PropertiesSystem 
ML model

Parameters
w ∈ ℝp

x* ∈ ℝn+1

f : ℝn+1 → ℝ
y ∈ ℝ

Features describing
the system

Energy,
Gas uptake,

…

X =

1 x1,1 x1,1 … x1,n

1 x2,1 x2,1 … x2,n

1 ⋮ ⋱ ⋮
1 xm,1 xm,1 … xm,n

Y =

y1

y2

⋮
ym

n features

m
 observations

1 2

x*, y

For m 
systems
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Xtrain ML model

Update w

Loss

ytrain

prediction ̂y

Minimise Loss
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Linear regression 
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Xtrain ML 

Update w

Loss

ytrain

prediction ̂y

Minimise 
Loss

x

y

̂yML(x*) = x*woptNew system:

ℒ = ∥ ̂yML − y∥2
2 = ∥Xw − y∥2

2

Loss

Optimisation steps

̂yML(X) = Xw =
1 x1

⋮ ⋮
1 xm [w0

w1]
Matrix form:

̂yML(x*) = x*w = [1 x*] [w0
w1]

Loss function:

A very simple case of 1 dimensional feature:
wopt



Nonlinear regression 
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Xtrain ML 

Update w

Loss

ytrain

prediction ̂y

Minimise 
Loss

ℒ = ∥ ̂yML − y∥2
2 = ∥Xw − y∥2

2

̂yML(X) = Xw =
1 x1 (x1)2 …(x1)p

⋮ ⋮ ⋱ ⋮
1 xm (xm)2 …(xm)p

w0
⋮
wp

Matrix form:

̂yML(x*) = x*w = [1 x* (x*)2 … (x*)p]
w0
w1
⋮
wp

Loss function:

Adding nonlinear terms: polynomial order p

x

y

Loss

Optimisation steps

p=1

p=6
p=2
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