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Web Appendix A

NMF gradient descent algorithm : technical details

Let consider the following constrained optimization problem:

DK(V, (W,H)) = ‖V −WH‖2

=
N∑

n=1

F∑
f=1

(
vfn −

K∑
k=1

WfkHkn

)2

subject to the constraints that Wfk ≥ 0, Hkn ≥ 0 and
∑F

f=1Wfk = 1.
The standard gradient descent approach consists at each step in assigning

to each component Wfk of W the value

Wfk ←Wfk − ηfk
∂DK(V, (W,H))

∂Wfk

that is

Wfk ←Wfk + 2ηfk[
N∑

n=1

VfnHkn −
N∑

n=1

K∑
k′=1

Wfk′Hk′nHkn]

with ηfk a small positive real number. To assure the positivity of Wfk let
put

ηfk = Wfk[V Ht]fk

that implies the multiplicative update rule for Wfk

Wfk ←Wfk
[V Ht]fk

[WHHt]fk

Notice that the choice of ηfk is not necessarily small that not assures directly
the algorithm convergence.
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Figure 1: Representation of the predicted data in the map containing Ŵ1

and Ŵ2.
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Figure 2: Residual sum of squares for K running from 1 to 44.
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Figure 3: Graphical representation of the W matrix which describes the
loadings of each of the 44 food groups to each of the K consumption systems
for K = 5.
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Figure 4: Graphical representation of the W matrix which describes the
loadings of each of the 44 food groups to each of the K consumption systems
for K = 20.
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Figure 5: Representation of the six clusters obtained by k-means clustering
in the base of cooked pork meats and vegetables.
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Figure 6: Representation of the coordinates in consumption system base of
the 6 cluster centroids obtained by k-means clustering.
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