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Goal

Classical CNN Graph CNN

std. convolution graph convolution

New Powerset CNN

1,22, 23 A new powerset convolution

A new powerset pooling

A port deep learning toolbox

A powerset signal = set function
ML objective functions (e.g., SIS),

entropy of RVs, valuation functions,
coalition games, hypergraph cuts,...

Derivation: Algebraic Signal Processing (ASP)

shift equivariant
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convolution

— neural layers etc.

Powerset Convolution

Consider the ground set N = {x1,...,x,}.

Powerset = Hypercube
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Signal (= set function)
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Convolution
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Pattern Matching Perspective

Let h € R?" be a filter.
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General Equation
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Powerset CNN

Convolutional Layer

n. input-, n s output channels, and o(z) = max(0, z):

t,(iz) — U(Z'—l

Pooling Layer

n. input-, n. output channels:

L e.g., combine elements in N
or combine elements in 2V

Groundset Pooling

v’ :={x1,xo} and N := {2/, 23,...,2,}
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x' = {xy, 20}
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Powerset Pooling
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Baselines
MLP 46.8 + 3.9 43.2 £ 2.5
L-GCN 52.5+0.9 69.3 + 2.8
L-GCN pool 45.0+ 1.0 60.9 + 1.5
L-GCN pool avg. 42.1 +0.3 64.3 £ 2.2
A-GCN 65.5 =+ 0.9 95.8 £ 2.7
A-GCN pool 56.9 4+ 2.2 91.9+ 2.1
A-GCN pool avg. 54.8+0.9 958+ 1.1

Proposed models
x-PCN 88.5 + 4.3 97.2 £ 2.3
x-PCN pool 80.9+£0.9 96.0 + 1.6
x-PCN pool avg. 759+ 1.9 96.5 + 0.6
o-PCN - 97.5+14
o-PCN pool 96.4 £ 1.7
o-PCN pool avg. 54.8 +1.9 96.6 = 0.7

- 80.7 £0.2
- | 84.740.9
83.2+0.7
56.8 = 1.1
80.5 £ 0.7
84.1+ 0.6
64.8 1.1

82.2+0.4

89.8 + 1.8
84.8+1.9

88.6 += 0.4
85.1 £ 1.8
87.0+ 1.6

80.6 £ 0.7
82.6 0.4
80.6 £ 0.5
83.6 = 0.4
84.8 + 0.3
83.3 =0.5

80.9 £ 2.9

67.2+£1.8 96.0x0.2

66.1 +1.8 93.6 £0.2 71.

1+£0.3

73.7£0.4

65.7 1.0 93.2 £ 1.1 71.7£0.5
64.1 £1.7 88.4 £ 0.3 62.8 £0.4

649+ 1.8 93.9=0.3 69.

1x£0.5

66.0 £ 1.6 93.8 £0.3 70.7+04
65.4+0.7 92.7x0.6 67.9 1+ 0.3

62.8 2.9 94.1 £0.3 70.5+£ 0.3
62.9 £ 2.0 94.0 £0.3 70.2£0.5
63.4 + 3.5 94.4 £ 0.3 73.0£0.3

68.7 = 1.3 93.7=0.2 69.9 = 0.3

68.2 + 0.8 93.6 £0.3 70.3+04
67.0+2.0 94.84+0.3 73.51L0.5

Algebraic Signal Processing

Framework to generalize standard DSP
ASP is constructive: derived from shift

1D space shift
(yields DCTs/DST)
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2D hexagonal shifts

1D generic next
neighbor shift

graph shift
(yields graph DSP)
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