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AGENDA

ECHO turns speculative decoding into a serving-time compute scheduling
problem.

Why speculation fails under high concurrency

The verification-is-free assumption breaks in compute-bound serving.

ECHO: elastic compute-budget scheduling

Sparse confidence gates recover budget; a batch-level scheduler reallocates it.

03 Throughput and speedup results

Latency and throughput gains hold from single request to high concurrency.

Next steps
Native-MTP ECHO and context-aware Sweet Spot calibration.
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The Challenge in High-Concurrency
Serving

Speculative decoding needs to spend draft compute where it actually converts into
accepted tokens.
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BACKGROUND

Speculative decoding works when verification is nearly free.
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A draft model proposes multiple
tokens, and the target model
verifies them in one pass.

The core assumption: accepted
drafts reduce decode steps
without adding proportional
verification cost.

In low-pressure regimes, the target pass is amortized across several draft tokens. ECHO starts from the question: what changes

when serving is already compute-bound?



FAILURE MODE

Under compute-bound serving, extra draft tokens become real
cost.

When batch size rises,
LLaMA3.3-708 Qwen3-2358 each additional draft token

o K BN EAGLE-3 consumes real compute.

Tar (per token) AR

Td If acceptance does not

keep up, speculation can
reduce throughput instead
of improving it.
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Draft length must be budgeted, not blindly
expanded.




EXISTING TREES

Per-request tree strategies miss the global compute tradeoff.

Static tree Dynamic tree

Rl R

Req B Req2 Req1

One-Pass Target Verification One-Pass Target Verification

Framework-friendly, but wastes compute when More adaptive per request, but does not balance
acceptance signals are weak. compute across the whole batch.



ECHO

ECHO reframes speculation as adaptive compute-budget
scheduling.
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Original solution layout from the source deck: Sweet Spot calibration, global elastic budget scheduling, and SGLang integration.
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ECHO as Compute-Budget Scheduling

The mechanism has two levels: per-request sparse confidence gating and whole-batch
elastic reallocation.
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MECHANISM

1

Sparse confidence gating spends budget only at discriminative

layers.

Go deeper
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Warm-up calibration
finds layers where
confidence separates
accepted and
rejected drafts.

ECHO gates only at
those layers to
reduce error
accumulation for
each request.



MECHANISM 2

Elastic budget scheduling reallocates saved compute across the
batch.

1. Continuous 2. Super-Tree Construction 4. Flatten & Pack
Batch Input & Sparse Gating (Kernel-Compatible)

Priority 1: Go Deep to
reduce verification rounds.

Priority 2: Go Wide to
increase accepted length.

5. One-Pass Target
Verification

Batch Size B

High load: inter-request

3. Unified Elastic Budget Scheduler Il Main Path scheduling.

(Global Cap K;;qx) .
High-load: Inter-request Reallocation [ ] Truncated Path Low load: intra requeSt

(Global Depth Extension) ) allocation.

Reallocated
Budget (Elastic)

Low-load: Intra-Request Allocation
(Opportunistic Width Expansion)

—-= Sparse Gate
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) High Confidence
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Throughput and Speedup Results

ECHO is evaluated across model scales, baselines, and serving loads.
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BENCHMARK SETUP

Benchmarks cover model scale, baselines, and task diversity.

Models Baselines Datasets
Qwen3-8B / 32B / 235B Static tree: EAGLE-3 (SOTA) MT-Bench
LLaMA3-8B / 70B Dynamic tree: DDD, OPT- GSM8K
Vicuna-13B Tree HumanEval

Alpaca

The setup keeps both single-request latency and high-concurrency throughput in view, rather than optimizing one regime at the
expense of the other.
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LATENCY

At batch size 1, ECHO improves latency by raising draft-token

utilization.

Models Methods

Lookahead
Sps
Medusa
Hydra
Vicuna-13B OPT-Tree
DDD
EAGLE3
ECHO

DDD
EAGLE3
ECHO

DDD
EAGLE3
ECHO

DDD
EAGLE3
ECHO

DDD
EAGLE3
ECHO

DDD
Qwen3-235B EAGLE3
ECHO

LLaMA3.1-8B

LLaMA3.3

Qwen3-8B

Qwen3-32B

HumanEval

MAT

1.73
2.55
2.78

Speedup

1.69x
1.81x
2.25%
2.75x

GSMS8K

MAT

Speedup

1.79x

CNN/DM

MAT

1.48
2.31
2.09
2.82

Speedup
1.44x
1.71x
1.65x

Alpaca

MAT

1.49
2.01
2.44
3.51

Speedup

1.44 x
1.74x

T-Bench
Speedup

1.63x
1.81x
2.08x
2.53x
3.30x
3.95x
3.89x%
4.12x

3.70x
3.63 %
3.86x

4.02x
4.09x

2.07x
2.00x
2.32x

1.77x
1.69%x
2.02x
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ECHO improves the utilization of drafted tokens: accepted length divided by speculative decoding depth.
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5.35x

maximum observed
speedup

2.02x

on Qwen3-235B

vs. EAGLE-3



CONCURRENCY

Under concurrency, ECHO keeps throughput gains across model
sizes.

ECHO(dense) ECHO(fixed) WM EAGLE3 WM ECHO
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SERVING TABLE

Qwen3-8B serving averages about 19% gain and peaks at 36%.

steps topk num_d judge_ thresh remaining

raft_to depth old _num_dra

kens ft_tokens

32 . 20

32 . 20

Configuration: Qwen3-8B, input length 100, output length 500.

throughput

521.28
676.96
749.22
1909.19

2091.53

eagle3
throughput

457.43
517.37
549.91
1799.37

1900.13

gains

19%

average throughput gain

36%

maximum throughput gain



QWENS3.5 ADAPTATION

Native-MTP deployment needs only light adaptation.

#& vs Hlt/GPU

Target Tokens  t, t3 ty ts

Cross-Entropy Loss Lain
=

1 Main Model : MTP Module 1
I (Next Token Prediction) | (Next? Token Prediction)

Output Head Output Head

F Transformer Block
ll
Transformer Block X L concatenation

RMSNorm RMSNorm
8 10 12 4 16 20 24 28 38 U 37 4 Embedding Layer Embedding Layer

#It/GPU

mtp acc_len=0.8 k=3

The MTP pipeline stays close to the EAGLE-style path, so ECHO can be inserted with minor scheduling changes.

As concurrency rises, native speculative execution can still lose efficiency; ECHO targets that gap.

| MTP Module 2
I (Next? Token Prediction)

Output Head

Transformer Block

Linear Projection

concatenation

RMSNorm RMSNorm
Embedding Layer




Next Steps

Move from validated serving gains to native-MTP deployment and smarter calibration.
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ROADMAP

Next work moves ECHO into native MTP and context-aware

calibration.

Native-MTP ECHO

Integrate elastic speculative
decoding with native MTP
execution paths.
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Context-aware Sweet
Spot

Calibrate discriminative layers
dynamically based on prompt
and batch context.

03

Serving policy tuning

Jointly optimize latency,
accepted length, and
throughput under changing

load.



THANK YOU

Questions and discussion
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