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THE MORE, THE MERRIER: CONTRASTIVE FUSION FOR
HIGHER-ORDER MULTIMODAL ALIGNMENT

Stefanos Koutoupis, Michaela Areti Zervou, Konstantinos Kontras, Maarten De Vos, Panagiotis Tsakalides, Grigorios Tsagkatakis
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Motivation & Key Idea
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Prevailing methods align only pairs of modalities, missing
synergistic higher-order interactions.

Can a contrastive learning framework capture not
only pairwise alignments but also higher-order. syn-
ergistic dependencies among modalities?

» ConFu: unifies pairwise (1-1) and higher-order (2—>1)
contrastive learning in one objective.

» Theory: £ maximizes a lower bound on Total
Correlation, capturing pairwise + synergistic interactions.

Key Contributions

* 121 & 21 retrieval: only method supporting both
modes without requiring all modalities at inference.

» Bird-MML dataset: 149K image—audio—text triplets
across 150 bird species for multimodal
complementarity research.

» Robustness: shows greater stability when input
involves corrupted or non-informative inputs such as
missing modalities or noise.
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Bird-MML dataset

image

Mel-Spectrogram

Description

This red male howse finch, with a distinctive black
and white back strlpe, enjoys a meal from & wooden
bird feader.
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Synthetic XOR Experiment
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Predict 7. from (21,22} where pairwise MI=0.
Only synergy can solve iL

* ConFu v strong positive trend with
» Symile  also captures XOR synergy

» GRAM/TRIANGLE X <15% even with 1024-dim embeddings

» CLIP X ~3%, random chance level
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