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Why Local Linear Models?

Many real-world data exhibit globally nonlinear, but locally simple patterns.

𝑦

𝑥

pattern?
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𝑦

𝑥

➔ This motivates Clusterwise Linear Regression (CLR)

pattern!
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CLR Learns Local Experts,

𝑦

𝑥

{ Clusterwise Linear Regression (CLR) }

𝕩⊤ ෥𝕨1

𝕩⊤ ෥𝕨2

𝕩⊤ ෥𝕨3
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CLR Learns Local Experts,

𝑦

𝑥

Step 1. Response-aware assignment

𝕩⊤ ෥𝕨1

𝕩⊤ ෥𝕨2

𝕩⊤ ෥𝕨3

{ Clusterwise Linear Regression (CLR) }

Assignment Rule

𝑧𝑖 = argmin𝑘 𝑦𝑖 − 𝕩𝑖
⊤ ෥𝕨𝑘

2

Cluster-1 (𝑧𝑖 = 1)
Cluster-2 (𝑧𝑖 = 2)

Cluster-3 (𝑧𝑖 = 3)
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CLR Learns Local Experts,

𝑦

𝑥

Step 2. Update each expert using assigned points

𝕩⊤ ෥𝕨1

𝕩⊤ ෥𝕨2

𝕩⊤ ෥𝕨3

{ Clusterwise Linear Regression (CLR) }

Cluster-1 (𝑧𝑖 = 1)
Cluster-2 (𝑧𝑖 = 2)

Cluster-3 (𝑧𝑖 = 3)

Assignment Rule

𝑧𝑖 = argmin𝑘 𝑦𝑖 − 𝕩𝑖
⊤ ෥𝕨𝑘

2

Stable convergence!
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CLR Learns Local Experts, But Not Test-time Routing

𝑦

𝑥

“Response-aware training, infeasible test-time prediction”

𝕩⊤ ෥𝕨1

𝕩⊤ ෥𝕨2

𝕩⊤ ෥𝕨3

𝑥𝑖′

?

?

For a new covariate 𝑥𝑖′ and unknown 𝑦𝑖′, we cannot assign the cluster-𝑧𝑖′.

Test-time Assignment Rule

𝑧𝑖′ = argmin𝑘 𝑦𝑖′ − 𝕩𝑖′
⊤ ෥𝕨𝑘

2
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CG-CLR Adds Test-time Routing via a Proxy!

𝑦

𝑥

𝕩⊤ ෥𝕨1

𝕩⊤ ෥𝕨2

𝕩⊤ ෥𝕨3

𝑦

𝑥

𝕩⊤ ෥𝕨1

𝕩⊤ ෥𝕨2

𝕩⊤ ෥𝕨3

CLR CG-CLR

Proxy

𝕩⊤ ෝ𝕨
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CG-CLR Adds Test-time Routing via a Proxy!

𝑦

𝑥

𝕩⊤ ෥𝕨1

𝕩⊤ ෥𝕨2

𝕩⊤ ෥𝕨3

𝑦

𝑥

𝕩⊤ ෥𝕨1

𝕩⊤ ෥𝕨2

𝕩⊤ ෥𝕨3

CLR CG-CLR

Response-aware Assignment

𝑧𝑖 = argmin𝑘 𝑦𝑖 − 𝕩𝑖
⊤ ෥𝕨𝑘

2
Proxy-based Assignment

𝑧𝑖 = argmin𝑘 𝕩𝑖
⊤ ෝ𝕨𝑖 − 𝕩𝑖

⊤ ෥𝕨𝑘
2

𝕩⊤ ෝ𝕨
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CG-CLR Adds Test-time Routing via a Proxy!

𝑦

𝑥

𝕩⊤ ෥𝕨1

𝕩⊤ ෥𝕨2

𝕩⊤ ෥𝕨3

𝑦

𝑥

𝕩⊤ ෥𝕨1

𝕩⊤ ෥𝕨2

𝕩⊤ ෥𝕨3

CLR CG-CLR

𝕩⊤ ෝ𝕨

Update each expert using assigned points Update each expert using assigned proxy outputs

Stable convergence! 10



CG-CLR Adds Test-time Routing via a Proxy!

𝑦

𝑥

𝑦

𝑥
CLR CG-CLR

Covariate-guided test-time prediction!

𝕩⊤ ෥𝕨1

𝕩⊤ ෥𝕨2

𝕩⊤ ෥𝕨3

𝕩⊤ ෥𝕨1

𝕩⊤ ෥𝕨2

𝕩⊤ ෥𝕨3

𝑥𝑖′

?

?

𝑥𝑖′

without response 𝑦𝑖′ 11



Why does the Optimization stay Stable?

CLR (Codebook)

Proxy (MLP)

Response

𝑾𝝓

෪𝕎

𝑦𝑖𝕩𝑖
⊤ ෥𝕨𝑧𝑖

𝜆1

𝕩𝑖
⊤ ෝ𝕨𝑖
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Why does the Optimization stay Stable?

CLR (Codebook)

Proxy (MLP)
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𝑾𝝓

෪𝕎
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Why does the Optimization stay Stable?

Response

CLR (Codebook) Proxy (MLP)

“The Proxy follows the interior point of Response and CLR, 

and CLR follows the Proxy”
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Check out our paper & Join our poster!
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Scan Me !
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