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1. The Autoregressive Bottleneck in LLM Inference

Large Language Models generate text autoregressively, producing one token per forward pass. Because modern
multi-billion parameter weights reside in GPU high-bandwidth memory (HBM), generating a single token requires reading
tens or hundreds of gigabytes of weights across memory buses while executing minimal arithmetic on small batch sizes.
This locks LLM inference into a heavily memory-bandwidth-bound regime, where arithmetic processing units sit idling for
over 80% of execution time.

2. Speculative Decoding Mechanics and Tree Verification

Mathematical Trade-off: Speculative decoding pairs a small, fast 'draft' model (or multi-head draft network) with a massive target
model. The draft model speculatively generates K candidate tokens with low memory cost. The target model then verifies all K
tokens simultaneously in a single forward pass using specialized tree-attention masks. If the target model accepts the draft
tokens, multiple tokens are emitted in the time of a single forward pass.

3. The Acceptance Rate Collapse: When Speedups Drop Below 1.0x

The effective wall-clock acceleration factor (Speedup) is governed by the token acceptance rate (a) and the verification
overhead ratio: Speedup=1/[a + (1 - a)-K + C_overhead ]. On conversational prose, a frequently exceeds 80%,
yielding a 2.5x speedup. However, on complex Python code, symbolic mathematical reasoning, or domain-specific legal
queries, the draft model's predictions diverge sharply, causing o to plunge below 50%. In this low-acceptance regime, the
overhead of tree construction, KV-cache rollbacks, and failed target verification causes speculative decoding to run
slower than standard generation (Speedup < 0.95x).

ARCHITECTURAL BENCHMARK & PARAMETER TELEMETRY

la Autoregressive N/A (Single model) Sequential Forward Pass 1.00 (Baseline) 1.00x (Baseline Reference)
wrate Small Draft LLM High (Full small forward) Linear Batch Verification 52% - 62% in Python 1.12x - 1.25x (Marginal)

isa Multi-Head Low (Independent Heads) Tree Attention Mask 58% - 68% 1.45x - 1.70x

LE-1 (Feature Draft) Very Low (Hidden Vectors) Tree Attention Mask 72% - 78% 2.10x - 2.45x

LE-2 (Dynamic Tree) Adaptive Context-Aware Dynamic Confidence Pruning 82% - 89% 2.80x - 3.25x (Robust across

code)
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