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CRELAY: Composable REpresentative LAYer Attention -
Runtime Head Consolidation for LLM Inference

Oteo Mamo

Presentation Abstract

The key-value (KV) cache has become a primary bottleneck for large language model (LLM)
inference, limiting memory efficiency and throughput. While GrouEed Query Attention
(GQA) reduces KV heads 1n multi-head attention (MHA) through architectural
modifications and fine-tuning, 1t enforces static, factor-based configurations that
preclude dynamic, data-driven adaptation and optimization. This work presents CRELAY
(Composable Representative Layer Attention), a runtime KV-head clustering framework
that reduces KV cache size beyond GQA without modifying model weights. CRELAY analyzes
attention ?atterns from representative prompts to identify redundant KV heads per layer
using complementary clustering criteria, then routes all query heads through a compact
set of representative KV heads. Importantly, CRELAY preserves all guery heads, enabling
composability with orthogonal techniques such as token eviction and query-side
sparsity. Implemented in vLLM, CRELAY supports non-static, per-layer KV configurations
unconstrained by head d1v151b111ty Across LLaMA and Gemma models CRELAY achieves a
20—25% KV-head reduction with less than 5% accuracy degradation. CRELAY establishes a
practical baseline for composable, multi-axis sparsity in LLM inference.
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