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The Problem

Most GNNSs apply a uniform global filter to every node,
assuming one dominant structural regime — but real graphs
have regions that need fundamentally different treatments.

Homophilic node
a;=0.74 — LP filter

— same
class

Heterophilic node
a; = 0.24 — HP filter

— mixed
classes

LP-only = Texas 57.8% | HP-only = Cora24.2% | Optimal filter unknown a priori
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The Solution

Each node learns its own mixing coefficient
between S| p and Syp:

Sq =diag(a) Sip + (I — diag(a)) Swp

a =ofhT6 +b)

d + 1 parameters per layer

Minimal cost of local adaptivity

O(|€]) complexity

Identical to GCN — zero overhead

Grounded in geometric deep learning

Time complexity (relative):

GCN
P Ours (+d+1 params)

GPRGNN / JacobiConv (K>10)

Each node learns its own spectral bias

Learned a; correlates with local label structure — model discovers meaningful per-node frequency responses

Homophilic
region

a=0.42
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Learned @; vs. local homophily h(v;)
Texas (h=0.11, a=0.49) i Cora (h=0.81, a=0.77) ) Chameleon (h=0.23, a
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Heterophilic
region
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Sip: smooth - Syp =1 — S| p: sharpen

Node classification accuracy (%)
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State-of-the-art
among O(|E|) methods

79.5% Texas - 80.4% Wisconsin

GCN-like complexity
with local adaptivity

d+1 params per layer - linear in edges

Grounded in geometry
& spectral theory

Permutation equivariant - LP/HP filter bank

Scan for AT
code & data  p=




