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Recommender systems, estimating rating matrix X
Geometric structure on the rows and columns(row graph, column
graph)
An extension of CNNs to graphs
Learning parameters by using LSTM
Estimating rating Matirx / latent parameters (RMGCNN, sRMGCNN)
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Matrix completion problem

min ∥X∥⋆ + µ

2 ∥Ω ◦ (X − Y )∥2
F

Geometric structure on the rows and columns
– Column, row graph Gr = (1, ..., m, Er , Wr ), Gc = (1, ..., n, Ec , Wc)
– Graph Laplacian ∆ = I − D−1/2WD−1/2, D = diag(

∑
i ̸=j wi j)

– Dirichlet norm ∥X∥2
Gc

= trace(XT ∆cX ), ∥X∥2
Gr

= trace(XT ∆r X )
Geometric matrix completion(RMGCNN)

min ∥X∥2
Gr + ∥X∥2

Gc + µ

2 ∥Ω ◦ (X − Y )∥2
F

Factorized models(sRMGCNN)

min ∥W ∥2
Gr + ∥H∥2

Gc + µ

2 ∥Ω ◦ (WHT − Y )∥2
F
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CNNs formulated in the spectral domain
– ∆ = ΦΛΦT

Spectral Convolution
– X ⋆ Y = Φr (X̂ ◦ Ŷ )ΦT

c , X̂ = Φr XΦT
c

– X ⋆ Y = τ(λ̃c , λ̃r )X ,
→ Ŷk,k′ = τ(λc,k , λr ,k′ ), using Chevychev polynomial filters of degree p
→ τΘ(λc , λr ) =

∑p
j,j′ θjj′ Tj(λ̃c)Tj′ (λ̃r )

– ∆̃c = 2λ−1
c,n∆c − I, ∆̃r = 2λ−1

r ,m∆r − I
– Λ̃c = 2λ−1

c,nΛc − I, Λ̃r = 2λ−1
r ,mΛr − I

A multi-graph convolutional layer(q′ input, q output)
→ X̃l = ξ

(∑q′

l ′ =1 Xl ′ ⋆ Yll ′

)
= ξ

(∑q′

l ′ =1
∑p

j,j′ =0 θjj′ ,ll ′ Tj(∆̃c)Xl ′ Tj′ (∆̃r )
)

, l = 1, ..., q

→ input (m × n × q′), output (m × n × q), ξ is non-linearity
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Separable convolution (factorized version X = WT T )
– w̃l =

∑p
j=0 θr

j Tj( ˜∆c)wl , h̃l =
∑p

j=0 θc
j Tj( ˜∆c)hl , l=1,...,r

– w̃l = ξ
(∑p

j=0 θr
j Tj( ˜∆r )wl

)
, h̃l = ξ

(∑p
j=0 θc

j Tj( ˜∆c)hl

)
Loss function (LSTM)

l(θ, σ) = min ∥X (T )
θ,σ ∥2

Gr + ∥X (T )
θ,σ ∥2

Gc + µ

2 ∥Ω ◦ (X (T )
θ,σ − Y )∥2

F

min ∥W (T )
θ,σ ∥2

Gr + ∥H(T )
θ,σ ∥2

Gc + µ

2 ∥Ω ◦ (W (T )
θ,σ (H(T )

θ,σ )T − Y )∥2
F
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