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• Goal: minimize #mistakes

Edge-colored clustering (ECC)
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Edge-colored clustering (ECC)

• Goal: minimize #mistakes

• Useful for clustering data with 

higher-order categorical interactions

• Widely studied:

Amburg et al. (WWW’20; SDM’22), Veldt (ICML’23), Crane et al. (ICML’25)

• Limitation: enforces nonoverlapping and exhaustive clustering
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Edge-colored clustering (ECC)

• Goal: minimize #mistakes

• Useful for clustering data with 

higher-order categorical interactions

• Widely studied:

Amburg et al. (WWW’20; SDM’22), Veldt (ICML’23), Crane et al. (ICML’25)

• Limitation: enforces nonoverlapping and exhaustive clustering

• Local ECC, Global ECC, and Robust ECC proposed by Crane et al. 

relax these requirements (WSDM’24)
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Local ECC

• A local budget 𝑏local is given; assign (at most) 𝑏local colors per node
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• A local budget 𝑏local is given; assign (at most) 𝑏local colors per node

• 𝑏local = 2

Local ECC
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Global ECC

• A global budget 𝑏global is given; assign additional 𝑏global colors globally
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Global ECC

• A global budget 𝑏global is given; assign additional 𝑏global colors globally

• 𝑏global = 4
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• A global budget 𝑏global is given; assign additional 𝑏global colors globally

• 𝑏global = 4

Global ECC
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Robust ECC

• 𝑏robust is given; may remove 𝑏robust nodes before the color assignment
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Robust ECC

• 𝑏robust is given; may remove 𝑏robust nodes before the color assignment

• 𝑏robust = 1
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Robust ECC

• 𝑏robust is given; may remove 𝑏robust nodes before the color assignment

• 𝑏robust = 1
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Robust ECC

• 𝑏robust is given; may remove 𝑏robust nodes before the color assignment

• 𝑏robust = 1
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Previous results

• LP-rounding algorithms [Crane et al., 2024]

• solve a linear program (LP)

• convert the LP solution into an actual coloring

• Greedy algorithms [Crane et al., 2024]

• combinatorial algorithms
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Previous results

• LP-rounding algorithms [Crane et al., 2024]

• solve a linear program (LP) 

• convert the LP solution into an actual coloring

• high solution quality (but slow)

• Greedy algorithms [Crane et al., 2024]

• combinatorial algorithms

• remarkably fast (but often with low solution quality)
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Previous results

• Local ECC

• (𝑏local + 1)-approx. alg. (LP-rounding); 𝑟-approx. alg. (greedy) [Crane et al., 2024]

• Global ECC

• bicriteria approx. alg. (LP-rounding); 𝑟-approx. alg. (greedy) [Crane et al., 2024]

• Robust ECC

• bicriteria approx. alg. (LP-rounding); 𝑟-approx. alg. (greedy) [Crane et al., 2024]
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Our results

• Proposed algorithms: LP-based & combinatorial

• a primal-dual method

• combine the strengths of both worlds
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Our results

• Proposed algorithms: LP-based & combinatorial

• a primal-dual method

• combine the strengths of both worlds

• Computational evaluation:

• achieve better solution quality than greedy algs. 

• significantly faster than LP-rounding (bicriteria) algs. 
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Our results

• Local ECC

• (𝑏local + 1)-approx. alg. (LP-rounding); 𝑟-approx. alg. (greedy) [Crane et al., 2024]

• (𝒃𝐥𝐨𝐜𝐚𝐥 + 𝟏)-approx. alg. (combinatorial), integrality gap ≅ 𝒃𝐥𝐨𝐜𝐚𝐥 + 𝟏

• Global ECC

• bicriteria approx. alg. (LP-rounding); 𝑟-approx. alg. (greedy) [Crane et al., 2024]

• (𝟐𝒃𝐠𝐥𝐨𝐛𝐚𝐥 + 𝟐)-approx. alg. (combinatorial), integrality gap ≥ 𝒃𝐠𝐥𝐨𝐛𝐚𝐥 + 𝟏

• Robust ECC

• bicriteria approx. alg. (LP-rounding); 𝑟-approx. alg. (greedy) [Crane et al., 2024]

• (𝟐𝒃𝐫𝐨𝐛𝐮𝐬𝐭 + 𝟐)-approx. alg. (combinatorial), integrality gap ≥ 𝒃𝐫𝐨𝐛𝐮𝐬𝐭 + 𝟏
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Our results

• Local ECC

• (𝑏local + 1)-approx. alg. (LP-rounding); 𝑟-approx. alg. (greedy) [Crane et al., 2024]

• (𝒃𝐥𝐨𝐜𝐚𝐥 + 𝟏)-approx. alg. (combinatorial); integrality gap ≅ 𝒃𝐥𝐨𝐜𝐚𝐥 + 𝟏

• (𝒃𝐥𝐨𝐜𝐚𝐥 + 𝟏)-approx. is essentially optimal

• Global ECC

• bicriteria approx. alg. (LP-rounding); 𝑟-approx. alg. (greedy) [Crane et al., 2024]

• (𝟐𝒃𝐠𝐥𝐨𝐛𝐚𝐥 + 𝟐)-approx. alg. (combinatorial); integrality gap ≥ 𝒃𝐠𝐥𝐨𝐛𝐚𝐥 + 𝟏

• Robust ECC

• bicriteria approx. alg. (LP-rounding); 𝑟-approx. alg. (greedy) [Crane et al., 2024]

• (𝟐𝒃𝐫𝐨𝐛𝐮𝐬𝐭 + 𝟐)-approx. alg. (combinatorial); integrality gap ≥ 𝒃𝐫𝐨𝐛𝐮𝐬𝐭 + 𝟏
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answers an open question of Crane et al.:

𝑂 1 -approx. for Local ECC?
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Additional results

• The proposed algorithm for Local ECC works in the online setting

• All proposed algs. admit a bicriteria approx. factor of (𝑂 1 , 𝑂 1 )
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answers an open question of Crane et al.:

bicriteria (𝑂 1 , 𝑂 1 )-approx. for Global ECC?

a vertex arrives and must color it irrevocably



Thank you for listening!
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