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General issues on simplex designs and DI models

• Origin of the simplex

• DI models and linear regression

• Sown versus realised proportions as predictor
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Origin of the simplex?
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Mixture problems

Cornell (1990) Wiley

• Construction of concrete: mix of sand, water, cement

• Tobacco blends: mix of processed tobacco, turkish blend, burley

• Tyres: mix of rubbers of varying consistency

• Cake formulations: mix of flour, baking pouder, sugar, water

• …

 In the general mixture problem, the measured response is assumed to 

depend only on the proportions of the ingredients …
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THE book on simplex designs
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Simplex lattice designs

Cornell (1990) Wiley
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Cornell (1990) Wiley

Estimated response surface and its contour 
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Cornell (1990) Wiley

x2

x3

x1

Estimated response surface and its contour 

x2

x3

x1



9 Simplex designs and DI models

Matthias Suter | © Agroscope

Complex response surface from polynomial equation 

Cornell (1990) Wiley
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Contour lines or lsolines
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Contour lines

Swisstopo “Romary” on https://commons.wikimedia.org
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Design space

Two dimensions
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Design space and response surface 

Two dimensions

x1

y

1

1

𝑦 = 𝛽0 +  𝛽1𝑥1 + 𝛽2𝑥2 + 𝜀
x2

ො𝑦 = 𝛽0 + 𝛽1𝑥1 + 𝛽2𝑥2
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Design space of a simplex

Two dimensions

x1

1

1

x2

Constrain the total 

density to a constant 

and scale to unit-sum



14 Simplex designs and DI models

Matthias Suter | © Agroscope

Design space of a simplex

Three dimensions

1

x1

x3

1

1

x2

Constrain the total 

density to a constant 

and scale to unit-sum



15 Simplex designs and DI models

Matthias Suter | © Agroscope

Design space of a simplex

Three dimensions

1
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1

1

x2

Set-up with higher 

density

 constrain the total to

  unit-sum for analysis
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Design space of a simplex

Three dimensions
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Design space – Response surface – Contour lines 

A B

C

BA
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“Romary” on

https://commons.wikimedia.org Grange et al. (2021) J Appl EcolCong et al. (2018) AGEE
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Current examples beyond grassland science
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Current examples

Design Results

Gao et al. (2021) Bioresour Technol
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DI Models and regression

Grange et al. (2021) J Appl Ecol

𝑦 = 𝛽1𝑃1 + 𝛽2𝑃2 + 𝛿𝑃1𝑃2 + 𝜀

Measured

yield

(assumed)
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𝑦 = 𝛽0 + 𝛽1𝑥 + 𝛽2𝑥2 + 𝜀

Linear regression

x

y

0 64 8 102
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DI Model    re-parametrised regression

Cornell (1990) Wiley
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Sown versus realised proportions
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Sown versus realised proportions

Positive

interaction!
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Sown versus realised proportions

Negative

interaction!
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Sown versus realised proportions

P1

P2

y

100

0

50

50

0

100

75

25

25

75

Measured

response

year 3

Sown

proportions

Fitted line Positive

interaction

Start with positive interaction
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Sown versus realised proportions
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Sown versus realised proportions
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Fitted line

15

85

45

55

30

70

No interaction!

There is no black and white, but be aware of what you are doing!



29 Simplex designs and DI models

Matthias Suter | © Agroscope

Take home

• Literature on simplex designs since ~ 1950

• Basic DI model  linear regression under sum-to-one constraint

• Interpretation may vary depending on sown or realised proportions as predictor
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Thank you for your attention

Matthias Suter

matthias.suter@agroscope.admin.ch

 

Agroscope good food, healthy environment

www.agroscope.admin.ch
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