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Background [1/2] — Speculative Decoding

® Benefits of Speculative Decoding
» Make full use of the parallel verification capabilities of LLMs.
» Make full use of computing resources (LLM inference is largely not compute-bound).
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[1] Figure adapted from Figure 1 in Xia et al., 2024, Spec-Bench: A Comprehensive Benchmark and Unified Evaluation Platform for
Speculative Decoding.
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Background [2/2] — Related Work

® Tramning-based Speculative Decoding
» Eagle-1 11 Eagle-2 [2], Eagle-3 [3].
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[1] Li et al., EAGLE: Speculative Sampling Requires Rethinking Feature Uncertainty (2024).
[2] L1 et al., EAGLE-2: Faster Inference of Language Models with Dynamic Draft Trees (2024).
[3] L1 et al., EAGLE-3: Scaling up Inference Acceleration of Large Language Models via Training-Time Test (2025).
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Background [2/2] — Related Work

® Ngram-based Speculative Decoding
> SAM (1]
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[1] Hu et al., SAM Decoding: Speculative Decoding via Suffix Automaton (2024).
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Motivation [1/1] — Redundancy

® Redundancy under the Test-time Scaling Paradigm

® Most existing work focuses on evaluating short generations (e.g., 1024 tokens).
® How does speculative decoding perform in reasoning models?

Let p be the least prime number for which there exists a positive integer n such that n* + 1 is divi-

Question sible by p?. Find the least positive integer m such that m* + 1 is divisible by p?.

Turn 1: Compute 8% = 512. Then 512 mod 17: since 17 x 30 = 510, we have 512 = 2 (mod 17).

Therefore, 4 x 8% =4 x 2 =28 (mod 17). Thus, 4 x 8% x 17k = 8 x 17k (mod 289). So, n* =
Intra-turn 50 + 8 x 17k (mod 289). Hence, n* + 1 = 51 + 136k (mod 289). We need this to be 0 (mod
Redundancy  289), so 51 + 136k = 0 (mod 289). Dividing both sides by 17, we get 3 + 8k = 0 (mod 17), i.e.,
.- Wait, earlier I said that 4 x 8% x 17k = 8 x 17k mod 289. Let me check that again. 4 x 8°.

Compute 8 = 512. Then 512 mod 17: since 17 x 30 = 510, we have 512 = 2 (mod 17).
Turn 1: <think>\n Okay, so I need to find the least prime number p such that there’s a posit-

O A large amount of repetition!
O Which is superior:
statistically driven methods or

ive integer n where p? divides n* + 1. Then, once I find that p, I have to find the smallest positive .
5 " i E data-driven methods?

Inter-turn integer m such that p? divides m* + 1 . Alright, let me start by understanding the problem - - -
Redundancy  Turn 2: <think>\n Okay, so I need to find the least prime p such that there’s a positive integer

n with p2 dividing n* + 1. Then, once I find that p, I need to find the smallest m such that m* +1
is divisible by p® . \n\nFirst, let me recall that- - -




ICLR Benchmark [1/1] — Framework

Inf temaﬂonqt Conference On
Learning Representations

® Accelerating the Reasoning Model under Test-time Scaling

» 2 mainstream test-time scaling frameworks (BoN and Multi-round Thinking).
» 2 categories of 4 reasoning models (Deepseek-R 1-Distill-Llama-8B, Qwen3-4B/8B/14B).
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Benchmark [1/1] — Framework

® Accelerating the Reasoning Model under Test-time Scaling

» 4 Categories and 9 Types of Methods: (a) Training-based: Eagle-3; (b) Model-based: SpS; (c) N-
gram-based: PLD, REST, Lookahead, PIA, SAM, Recycling; (d) Hybrid: Eagle-3 [SAM].
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® Lightweight Ngram-based Methods Perform Satisfactorily

Table 3: Performance comparison of speculative decoding methods for reasoning models under

multi-round thinking framework with different temperature 7' ( Best , Second Best ). D
| Bench | AIME24 AIME25S _ MATHS00 GPQA |  Overal
Model | ""Method | MAT Speed MAT Speed MAT Speed MAT  Speed A
pee pee pee peed | MAT  Speed . - -
AR 100 100x 100 100x 100 100x 100 1.00x | 1.00 1.00x Takeaway 1: Training free n gram methods can
EAGLE3 | 226 156x 224 153x 263 286x 246 16lx | 235 193x SH
SAM[EAGLE3] | 391 3.09x 450 385x 494 41lx 700 470x | 472 3.97x Outperfo rm training- based approaCheS!
DSL.8B SAM 264 241x 305 296x 260 2.14x 357 320x | 293 2.66x
(T =0) Recycling 298 2.08x 298 205x 297 2.18x 3.02 2.08x | 299 2.10x
= PLD 214 176x 238 189x 225 171x 265 202x | 233 184x
REST 133 100x 135 095x 137 108x 131 100x | 134 10lx
Lookahead | 221 159x 226 153x 228 155x 244 162x | 228 157x
PIA 184 151x 196 163x 191 148x 215 163x | 195 156x
AR 100 100x 100 100x 100 100x 100 1.00x | 1.00 1.00x ) )
EAGLE3 | 221 131x 217 150x 321 302x 245 16lx | 233 191x M| -3]
DSL.gp | SAMIEAGLE-3] | 254 182x 248 189x 328 3.3x 286 215X | 266 2.29x O The new h}’brld solution SAM[EAGLE-3] offers the best
s SAM 184 165x 184 165x 193 171x 193 173x | 1.87 1.69x . . .
=08 | Reyling | 284 191x 283 193x 288 203x 281 L98x | 284 196 speedup 1n all scenarios. For example, the speedup ratio on
REST 135 100x 137 097x 138 103x 135 100x | 136 1.00x . . o
PIA 58 1. 581 61 68 1. 6 1. —
L% 126¢ 158 127x 163 139x 168 136 | 161 13 Deepseek-R1 (T=0) 1s 3.97x, achieving a 49.2%
AR 100 100x 100 100x 100 100x 100 100x | 1.00 100x
EAGLE3 | 431 280x 437 287x 450 304x 439 291x | 438 291x :
SAMIEAGLE3] | 440 308x 441 318x 482 347x 590 411 | 476 349 improvement compared to the second-best method.
SAM 215 197x 227 207x 218 195x 319 3dlx | 237 228x
QW3-8B | Recycling | 302 208x 298 213x 300 220x 307 217x | 301 215x
T=0) PLD 195 16lx 197 166x 191 163x 249 204x | 205 174x
SpS 740 093x 750 096x 669 077x 633 083x | 707 087x .- . .-
REST | 130 1i2x 139 Ii4x 142 Llex 133 109x | 138 113x O Training-based methods are sensitive to the training process
Lookahead | 2.14 154x 212 154x 210 158x 228 169x | 215 159x
PIA 1.83 148x 196 1.68x 189 1.63x 208 172x | 1.93 1.63x FOI' example, EAGLE_3 fOI' Deepseek Rl performs pOOle
AR 100 100x 100 100x 100 100x 100 100x | 1.00 100x
EAGLE3 | 411 26lx 421 271x 432 287x 403 268x | 416 273x :
SAMIEAGLES] | 390 2B« 393 27 41> 299 308 2umx | 397 37on (for generating long sequences).
QW3-8B SAM 191 173x 195 178x 193 174x 209 186x | 196 1.78x
(T'=06) | Recycling | 288 200x 292 204x 290 211x 292 208x | 290 206x
SpS 622 091x 654 095x 617 080x 632 086x | 634 088x
REST 141 108x 141 110x 142 112x 136 103x | 140 1.08x
PIA 169 140x 170 145x 171 145x 175 148x | 171 1d4x




Experiments [1/3] — Analysis

Lightweight Ngram-based Methods Perform Satisfactorily

Table 3: Performance comparison of speculative decoding methods for reasoning models under

multi-round thinking framework with different temperature 7" ( Best , Second Best ). D
\ Bench | AIME24 AIME25 MATHS500 GPQA |  Overall
Model . .
| Method | MAT Speed MAT Speed MAT Speed MAT Speed | MAT Speed . - -
AR 100 1.00x 100 1.00x 100 1.00x 100 1.00x | 1.00 1.00x Ta keaway 1 Tralnlng free n gram methOdS can
EAGLE-3 226 156x 224 153x 263 286x 246 161x | 235 193x 3F
SAM[EAGLE3] | 391 3.09x 450 385x 494 41lx 700 470x | 472 3.97x outpe rform trainin g- based a pproac hes!
p—— SAM 264 241x 305 296x 260 214x 3.57 3.20x | 293 2.66x
(T - 0) Recycling 298 2.08x 298 205x 297 2.18x 3.02 2.08x | 299 2.10x
= PLD 214 176x 238 189x 225 171x 265 2.02x | 233 1.84x
REST 133 1.00x 135 095x 137 108x 131 1.00x | 134 1.0Ix
Lookahead 221 159x 226 153x 228 155x 244 1.62x | 228 157x
PIA 184 151x 196 163x 191 148x 215 1.63x | 195 1.56x
AR 100 1.00x 100 1.00x 100 1.00x 100 1.00x | 1.00 1.00x
EAGLE-3 221 131x 217 150x 321 3.02x 245 161x | 233 191x D
DSL.8p | SAMIEAGLE-3] | 254 182x 248 1.89x 328 313x 286 215x | 266 2.29x
T =06) SAM 184 165x 184 165x 193 171x 193 173x | 1.87 1.69x
=5 Recycling 284 191x 283 193x 288 203x 281 198x | 2.84 1.96x . . .
REST 135 100x 137 097x 138 103x 135 1.00x | 1.36 1.00x Ta keaway 2: This hybrld appl‘oach demonstrates a
PIA 158 126x 158 127x 163 139x 168 136x | 1.61 1.33x
AR 100 1.00x 100 100x 1.00 100x 1.00 1.00x | 1.00 1.00x Clear 1 + 1 > 2 Effect |

EAGLE-3 431 2.80x 437 287x 450 3.04x 439 291x | 438 2.91x
SAM[EAGLE-3] | 440 3.08x 447 3.18x 482 347x 590 417x | 476 3.49x

SAM 215 197x 227 207x 218 195x 319 3.11x | 237 2.28x
QW3-8B Recycling 3.02 208x 298 213x 3.00 220x 3.07 217x | 3.01 2.15x
(T =0) PLD 195 161x 197 1.66x 191 1.63x 249 2.04x | 205 1.74x
SpS 740 093x 7.50 096x 6.69 0.77x 633 0.83x | 7.07 0.87x L 4l L
REST | 130 1i2x 139 Ii4x 142 Llex 133 109x | 138 113x O Training-based methods are sensitive to the training process

Lookahead 214 154x 212 154x 210 1.58x 228 1.69x | 215 1.59%x

PIA 1.83 148x 196 1.68x 189 1.63x 208 172x | 1.93 1.63x FOI' example, EAGLE_3 fOI' Deepseek Rl performs pOOle

AR 1.00 1.00x 1.00 1.00x 1.00 1.00x 1.00 1.00x 1.00 1.00x
EAGLE-3 411 2.61x 421 271x 432 2.87x 4.03 2.68x 4.16 2.73x .
A [T (for generating long sequences).
QW3-8B SAM 1.91 1.73x 1.95 1.78x 1.93 1.74x 2.09 1.86x 196 1.78x
(T = 0.6) Recycling 2.88 2.00x 292 204x 290 211x 292 2.08x 290 2.06x
SpS 622 091x 6.54 095x 6.17 0.80x 6.32 0.86x 6.34 0.88x
REST 141 1.08x 1.41 1.10x 142 1.12x 1.36 1.03x 140 1.08x
PIA 1.69 1.40x 1.70 1.45x% 1.71 1.45% 1.75 1.48x 1.71 1.44x




Experiments [1/3] — Analysis

® Lightweight Ngram-based Methods Perform Satisfactorily

Table 3: Performance comparison of speculative decoding methods for reasoning models under

multi-round thinking framework with different temperature 7" ( Best , Second Best ). D
\ Bench | AIME24 AIME25 MATHS500 GPQA |  Overall
Model . .
| Method | MAT Speed MAT Speed MAT Speed MAT Speed | MAT Speed . - -
AR 100 1.00x 100 1.00x 100 1.00x 100 1.00x | 1.00 1.00x Ta keaway 1 Tralnlng free n gram methOdS can
EAGLE-3 226 156x 224 153x 263 286x 246 161x | 235 193x 3F
SAM[EAGLE3] | 391 3.09x 450 385x 494 41lx 700 470x | 472 3.97x outpe rform trainin g- based a pproac hes!
p—— SAM 264 241x 305 296x 260 214x 3.57 3.20x | 293 2.66x
(T - 0) Recycling 298 2.08x 298 205x 297 2.18x 3.02 2.08x | 299 2.10x
= PLD 214 176x 238 189x 225 171x 265 2.02x | 233 1.84x
REST 133 1.00x 135 095x 137 108x 131 1.00x | 134 1.0Ix
Lookahead 221 159x 226 153x 228 155x 244 1.62x | 228 157x
PIA 184 151x 196 163x 191 148x 215 1.63x | 195 1.56x
AR 100 1.00x 100 1.00x 100 1.00x 100 1.00x | 1.00 1.00x
EAGLE-3 221 131x 217 150x 321 3.02x 245 161x | 233 191x D
DSL.8p | SAMIEAGLE-3] | 254 182x 248 1.89x 328 313x 286 215x | 266 2.29x
T =06) SAM 184 165x 184 165x 193 171x 193 173x | 1.87 1.69x
=5 Recycling 284 191x 283 193x 288 203x 281 198x | 2.84 1.96x . . .
REST 135 100x 137 097x 138 103x 135 1.00x | 1.36 1.00x Ta keaway 2: This hybrld appl‘oach demonstrates a
PIA 158 126x 158 127x 163 139x 168 136x | 1.61 1.33x
AR 100 1.00x 100 100x 1.00 100x 1.00 1.00x | 1.00 1.00x Clear 1 + 1 > 2 Effect |

EAGLE-3 431 2.80x 437 287x 450 3.04x 439 291x | 438 2.91x
SAM[EAGLE-3] | 440 3.08x 447 3.18x 482 347x 590 417x | 476 3.49x

SAM 215 197x 227 207x 2.8 195x 3.9 3.11x | 237 2.28x
QW3-8B Recycling 302 208x 298 213x 3.00 220x 3.07 217x | 301 2.15x
(T =0) PLD 195 161x 197 166x 191 1.63x 249 2.04x | 205 1.74x
SpS 740 093x 750 096x 6.69 0.77x 633 083x | 7.07 0.87x D
REST 139 1.12x 139 1.14x 142 1.16x 133 1.09x | 138 1.13x
Lookahead | 214 154x 212 154x 210 158x 228 1.69x | 215 1.59x
PIA 183 148x 196 1.68x 189 1.63x 208 172x | 193 1.63x . .- .y
R i T 10k D i 100 150 [ 1 Takeaway 3: Training-based methods are sensitive
EAGLE-3 411 261x 421 271x 432 287x 403 2.68x | 4.16 2.73x - -
SAM[EAGLE-3] | 3.92 2.68x 393 272x 419 293x 398 282x | 397 2.79x to the tralnlng prOCESS I
QW3-8B SAM 191 173x 195 1.78x 193 174x 209 1.86x | 1.96 1.78x
(T = 0.6) Recycling 288 200x 292 204x 290 211x 292 208x | 290 2.06x
SpS 622 091x 654 095x 6.17 080x 632 086x | 634 0.88x
REST 141 108x 141 1.10x 142 1.12x 136 1.03x | 140 1.08x
PIA 169 140x 170 145x 171 145x 175 148x | 171 144x




Experiments [1/3] — Analysis

® Lightweight Ngram-based Methods Perform Satisfactorily

Table 3: Performance comparison of speculative decoding methods for reasoning models under

multi-round thinking framework with different temperature 7" ( Best , Second Best ). D
\ Bench | AIME24 AIME25 MATHS500 GPQA |  Overall
Model . .
| Method | MAT Speed MAT Speed MAT Speed MAT Speed | MAT Speed . - -
AR 100 1.00x 100 1.00x 100 1.00x 100 1.00x | 1.00 1.00x Ta keaway 1 Tralnlng free n gram methOdS can
EAGLE-3 226 156x 224 153x 263 286x 246 161x | 235 193x 3F
SAM[EAGLE3] | 391 3.09x 450 385x 494 41lx 700 470x | 472 3.97x outpe rform trainin g- based a pproac hes!
p—— SAM 264 241x 305 296x 260 214x 3.57 3.20x | 293 2.66x
(T - 0) Recycling 298 2.08x 298 205x 297 2.18x 3.02 2.08x | 299 2.10x
= PLD 214 176x 238 189x 225 171x 265 2.02x | 233 1.84x
REST 133 1.00x 135 095x 137 108x 131 1.00x | 134 1.0Ix
Lookahead 221 159x 226 153x 228 155x 244 1.62x | 228 157x
PIA 184 151x 196 163x 191 148x 215 1.63x | 195 1.56x
AR 100 1.00x 100 1.00x 100 1.00x 100 1.00x | 1.00 1.00x
EAGLE-3 221 131x 217 150x 321 3.02x 245 161x | 233 191x D
DSL.8p | SAMIEAGLE-3] | 254 182x 248 1.89x 328 313x 286 215x | 266 2.29x
T =06) SAM 184 165x 184 165x 193 171x 193 173x | 1.87 1.69x
=5 Recycling 284 191x 283 193x 288 203x 281 198x | 2.84 1.96x . . .
REST 135 100x 137 097x 138 103x 135 1.00x | 1.36 1.00x Ta keaway 2: This hybrld appl‘oach demonstrates a
PIA 158 126x 158 127x 163 139x 168 136x | 1.61 1.33x
AR 100 1.00x 100 100x 1.00 100x 1.00 1.00x | 1.00 1.00x Clear 1 + 1 > 2 Effect |

EAGLE-3 431 2.80x 437 287x 450 3.04x 439 291x | 438 2.91x
SAM[EAGLE-3] | 440 3.08x 447 3.18x 482 347x 590 417x | 476 3.49x

SAM 215 197x 227 207x 2.8 195x 3.9 3.11x | 237 2.28x
QW3-8B Recycling 302 208x 298 213x 3.00 220x 3.07 217x | 301 2.15x
(T =0) PLD 195 161x 197 166x 191 1.63x 249 2.04x | 205 1.74x
SpS 740 093x 750 096x 6.69 0.77x 633 083x | 7.07 0.87x D
REST 139 1.12x 139 1.14x 142 1.16x 133 1.09x | 138 1.13x
Lookahead | 214 154x 212 154x 210 158x 228 1.69x | 215 1.59x
PIA 183 148x 196 1.68x 189 1.63x 208 172x | 193 1.63x . .- .y
R i T 10k D i 100 150 [ 1 Takeaway 3: Training-based methods are sensitive
EAGLE-3 411 261x 421 271x 432 287x 403 2.68x | 4.16 2.73x - -
SAM[EAGLE-3] | 3.92 2.68x 393 272x 419 293x 398 282x | 397 2.79x to the tralnlng prOCESS I
QW3-8B SAM 191 173x 195 1.78x 193 174x 209 1.86x | 1.96 1.78x
(T = 0.6) Recycling 288 200x 292 204x 290 211x 292 208x | 290 2.06x
SpS 622 091x 654 095x 6.17 080x 632 086x | 634 0.88x
REST 141 108x 141 1.10x 142 1.12x 136 1.03x | 140 1.08x
PIA 169 140x 170 145x 171 145x 175 148x | 171 144x




LR Experiments [1/3] — Analysis

tional

® Lightweight Ngram-based Methods Perform Satisfactorily

Table 7: Performance comparison of speculative decoding methods for reasoning models under the D

multi-round thinking framework at different temperatures 7" on other domains ( Best , Second Best ).

(a) Experiments on LiveCodeBench.

Model | DSL-8B (T =0) DSL-8B(I'=0.6) | QW38B(I'=0) QW3-8B (T =0.6)
Method | MAT Speed MAT Speed | MAT Speed MAT Speed
EAGLE-3 2.12 1.64x 2.00 133x | 437 2.85x% 4.02 2.58x
SAM[EAGLE-3] | 4.17 3.34x 2.30 1.80x 4.46 3.27x 3.70 2.54x
SAM 2.90 2.79x 1.72 1.44x 2.19 1.92x 1.77 1.58x
Recycling 291 2.02% 2.69 1.71x 2.90 1.98x 2.83 1.92x
PLD 224 1.81x = = 1.94 1.57x = =
SpS = - — = 593 0.83x 5.16 0.85x
REST 133 L11x 1.37 1.02x 1.35 1.14x 1.37 1.09%
Lookahead 2.15 1.57x = - 2.08 1.53x - N
PIA 2.40 1.71x 1.63 1.04x 2.04 1.46x 1.72 1.32x
AR 1.00 1.00x 1.00 1.00x 1.00 1.00x 1.00 1.00x
(b) Experiments on CNN/Daily Mail.
Model | DSL-8B (T =0) DSL-8B(T'=0.6) | QW3-8B(I'=0) QW3-8B (T =0.6)
Method | MAT Speed MAT Speed | MAT Speed MAT Speed
EAGLE-3 4.76 2.83x 4.60 265x | 411 2.63x 4.01 2.53x
SAM[EAGLE-3] | 492 3.05x 4.70 279% | 431 277 417 2.61x
SAM 1.53 1.45x 1.39 1.33x 1.55 1.45x 1.52 1.42x
Recycling 257 1.81x 2.50 1.71x 273 1.95x 2.70 1.86x
PLD 1.47 1.32x = = 1.46 1.30x N =
SpS = - = = 3.57 0.51x 3.44 0.54x
REST 1.28 1.04x 1.29 1.00x 1.28 1.05x 1.28 1.01x
Lookahead 1.59 1.29x — = 1.61 1.30x = -
PIA 1.61 1.42x 1.48 1.30% 1.58 1.39% 1.55 1.36x
AR 1.00 1.00x 1.00 1.00x 1.00 1.00x 1.00 1.00x

Takeaway 1: Training-free n-gram methods can
outperform training-based approaches!

Takeaway 2: This hybrid approach demonstrates a
clear 1 +1 > 2 effect !

O

Takeaway 3: Training-based methods are sensitive
to the training process !
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® Hybrid Speculative Decoding 1s Promising
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O We need more fine-grained hybrid strategies.
O The potential of hybrid strategies has not yet been fully realized.
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International Conference On
Learning Representations

Batch Inference Testing

Table 9: Performance comparison with varying batch sizes on DSL-8B ( Best , Second Best ).

(a) Batch Size =4

Dataset | AIME24 AIME25 MATHS500 GPQA
Method | MAT Speed | MAT Speed | MAT Speed | MAT  Speed

EAGLE-3 330 1.52x | 334 1.56x | 3.10 146x | 3.08 141x
SAM-Single | 1.81 1.33x | 1.87 144x | 291 272x | 201 1.58x
SAM-Cross | 1.86 134x | 211 1.62x 319 289x | 221 1.73x

(b) Batch Size = 8
Dataset |  AIME24 AIME25 MATH500 GPQA

Method | MAT Speed | MAT Speed | MAT Speed | MAT  Speed

EAGLE-3 33 117x | 337 1.18x 313 1.11x | 3.06 1.03x
SAM-Single | 1.75 1.06x | 1.81 1.18x | 2.52 224x | 192 136X
SAM-Cross | 1.82 1.12x | 192 1.20x 3.12 2.61x | 199 1.34x

O The n-gram approach outperforms training-based methods because N-gram draft generation is
extremely lightweight.

O We should arrange the N dimensions of the BON sequentially, while assigning different queries in
parallel. This maximizes overlap, which 1s particularly useful in RL rollout scenarios.
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Thank you for watching!

Project page: https://github.com/sunshy-1/SpecTTS-Bench
Correspondence: shengysun4-c(@my.cityu.edu.hk
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