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Motivation
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O £ 4 RLVRA] 9] #
Rollouttf 8] K, £~ F]setting T & & 2 AR )| £k 8¢ 18] 69 50-70%
A zero-variance I %, —2F 5 Rolloutd: At T AL A # 37 13K
O tbay a9 #g & %
DAPO: Dynamic Sampling

GRESO: Dynamic Sampling + ¥ #L-% F-Rollout#f &
ol #: XA A OE XM Token#s & £ #=3% Rollout

A84REpochZ 1] &) Token overlap#8 % & (3K 7 45=50%— & /5 ~70%)
A F R ANt a9 AL, A ARepochiR A &k AR Y dE L
Ae & A Rl AZ RX AP 4512, AR Rollout?
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Preliminary
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O A% hUAg AL 7w i Inference (draft-and-verify)
Draft model: ¥ #54 &, tbTarget model & /)v, 3 £ B
Target model: B AR#EAR!, B F I 47 verify Z A3 token
% #draft-and-verify: 3T 5 E 3 T 48 Bl token®9 BE R, —2 6%, target modelfs iEdraft model, draft
model = #7 4k 42 & s ¥ Af5token, H P4

[START] japan ' s benchmark berd n

[START] japan ; s benchmark Eji(lsé 2._.2 ZE

[START] japan ; s benchmark ﬂ.i_l.(l.(_e.z;. ZHZE jﬂ rose 2'_2. :E

(START] japan ! s benchmark nikkei 225 index rose 226 . 69 ; points

[START] japan s benchmark nikkei 225 index rose 226 . 69 points , or 9 1

(START] japan ! s benchmark nikkei 225 index rose 226 . 69 points , or 1. 5 percent , to 10, 9859

[START] japan ! s benchmark nikkei 225 index rose 226 . 69 points , or 1 5 percent , o 10 , 989 . 79 ; in

[START] japan ! 5 benchmark nikkei 225 index rose 226 . 69 points , or 1. 5 percent , to 10 , 989 . 79 in teio late

[START] japan ' s benchmark E'i_l.(li(_e.J;. 225 M rose 226 . 69 m , or 1.5 percent, to 10 , 989 . 79 J£ late morning trading . [END]

Fast Inference from Transformers via Speculative Decoding. ICML 2023 Oral
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O - #EALMEA 5] N EIRLVR
Old-policy#k # draft model, % AT Policy/F  target model
H 4 13 Bold-policy #9rollout £ £ #=log-probs, & 7] N4 agAE A

Vanilla RLVR . SPEC-RL
: New Rollout
i Verified Prefix Y re— — \
New Rollout Lk b L [ i —
. : L e Ty Tx 1 A
T\ 1\ T\ T\ ; E Policy Model (verify) Policy Model (generate)
1 \ \ \
otiey Modl A AN A R o 1 \ !
1 \T \t \1 \1 Prompt R;o“o“t / Prompt  Verified Prefix
Prompt i —] —
! — —

Cached Rollouts from Epoch, _ 4 Cached Rollouts from Epoch;



Method

O S EAALFA5 5| A E]RLVR
B —/NEE094% B T 48, EF% ftoken, EARARIAE 42 4 pg
N FZHL, RFE4H S Arpolicy*f Told-policy#y & Fl F
FBRINIZMAESD ; £—o0, F 0T 42 £ Fold-policy

Algorithm 1: SPEC-RL

Input: Current policy 7;; Prompt x; old response y°'¢ = {y9'¢} with probability p°'?; lenience £ > 1.
1 Compute probability in parallel p** < m(y2'% | x,y2¢),i=1,...,|y°";

’I'LC’LU

Compute acceptance probability| & = min(1, £- old );

N

3 Initialize rejection position n <+ |y°'¢| + 1;
4 for i = 1to |y°¢| do

s | Sample u ~U(0,1);

6 if u > @; then

7 Assign rejection position n <— 4;

8 L break;

Generate response y25 < (- | x,y%2);

o

new old ,mew
10 Assemble response y™°* <+ {y27,y%5"};
u return y"°%
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O 2 ARPE AR
1 BLE: Qwen-3-8B-Base, GRPO/PPO/DAPO
O BB R ARG A6 A, $£I2-3/2Rollouthesk

Baseline B with SPEC-RL

4

o- X 10
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= 4 Speedup
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(a) Average Performance (b) Training Rollout Time



Experiments
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O iRt ag

BLE : Qwen-3-1.7B/8B-Base, LLaMA-3.2-1B-Instruct, GRPO/PPO/DAPO

Rollout Efficiency Math Reasoning (010));
Algorithm MATH Minerva Olympiad MMLU AVG
Tokens (M) Speedup AMC23 GSMSK 500 Math Bench STEM IFEval
Owen-3-1.7B-Base
Base Model - - 22.5 59.1 45.0 12.5 16.7 39.3 179 304
GRPO 554.8 1.00x 42.5 82.6 64.4 26.5 25.5 60.7 244  46.7
— + SPEC-RL 182.7 2.29x 37.5 84.4 68.0 294 29.3 58.3 28.8 48.0
PPO 565.1 1.00x 35.0 82.0 63.0 26.8 253 594 25.5 453
— + SPEC-RL 230.8 1.94 x 35.0 82.0 64.8 25.4 25.9 58.6 259 454
DAPO 543.1 1.00x 30.0 79.6 60.8 24.6 23.0 52.2 248 421
— + SPEC-RL 171.6 2.17x 22.5 80.1 60.0 25.7 25.5 53.5 27.0 420
Owen-3-8B-Base
Base Model - - 40.0 83.0 67.4 27.2 34.1 60.4 299 489
GRPO 1033.1 1.00x 75.0 94.1 86.4 43.8 53.0 84.6 412 68.3
— + SPEC-RL 336.6 2.51x 70.0 94.5 87.8 4.1 51.0 84.5 47.7 68.5
PPO 984.0 1.00x 70.0 94.2 85.8 43.0 51.6 83.8 416 67.1
— + SPEC-RL 400.1 1.94 x 75.0 92.9 85.2 43.4 50.8 84.4 41.0 675
DAPO 1052.2 1.00x 75.0 93.3 84.8 40.1 48.6 824 39.6 66.3
— + SPEC-RL 326.2 2.88 % 65.0 93.8 84.4 43.8 50.4 82.2 444 66.3
LLaMA-3.2-1B-Instruct
Base Model - - 0.0 26.7 14.2 4.0 2.8 32.6 370 16.8
GRPO 553.9 1.00x 5.0 28.1 19.2 33 4.9 33.1 370 18.7
— + SPEC-RL 162.5 2.60 x 7.5 28.7 19.4 1.8 5.0 34.5 372  19.2
PPO 521.5 1.00x 10.0 31.6 20.8 4.0 6.4 343 427 214
— + SPEC-RL 210.6 2.01x 10.0 324 20.2 5.5 5.0 353 40.7 213
DAPO 482.6 1.00x 7.5 29.6 19.2 4.0 5.5 33.0 38.6 19.6
— + SPEC-RL 123.1 2.48x 10.0 349 20.2 4.0 5.5 35.5 384 212




Experiments

O X TI5EBLE N ERR IR
1 ALE: Qwen-3-1.7B-Base, 5T & P = 1,e%1,e%2,...,0, GRPO
1 Rolloutht M fa & 5 & 2 #r R AR T %, -F¥ 2 Atokendk AR R AR %
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— =1

(a) Rollout Time (s)
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Step
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[ =02 J =04

(b) Average Verified Prefix Length
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Step

—

J =05 =07

I l=e0.6 — £=e0.8

— 1
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Experiments peepUIT
O X THBELAYH R I
B 1E B 5T B SR RE B ARTF H P Ae st e 5 3] R (€ = e0)
HEARAREREIANG He9imiktt, 1222 FZBERMERF (£ = e?0, )
Rollout Efficiency Math Reasoning OOD
Algorithm . . AVG
MATH Minerva Olympiad MMLU
Tokens (M) Speedup AMC23 GSMSK 500 Math Bench STEM IFEval
GRPO 554.8 1.00x 42.5 82.6 64.4 26.5 25.5 60.7 244  46.7
— +SPEC-RL /=1 419.1 1.22x 40.0 81.8 63.8 28.7 26.5 59.6 259 46.6
<> + SPEC-RL ¢ = ¢°2 246.7 1.86x 37.5 83.3 66.4 29.8 29.6 58.5 259 473
<~ + SPEC-RL £ = 0 182.7 2.29% 37.5 84.4 68.0 29.4 29.3 58.3 28.8 48.0
< + SPEC-RL ¢ = 08 144.8 2.64x 37.5 83.5 63.6 27.2 25.0 61.7 26.2 464
<5 + SPEC-RL ¢ = ¢! 123.0 2.91x 37.5 83.9 62.4 25.7 24.9 54.8 283 454
<5 + SPEC-RL ¢ = €20 114.4 3.05x% 30.0 80.4 55.0 21.0 21.9 53.5 29.0 415

— + SPEC-RL ¢ = o0 40.0 14.86 x 32.5 78.1 60.4 19.9 23.7 44.1 22.0 40.1
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(b) Average Performance
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P b ¥ /\
[ 57 3] 37 89 B 18] A7
£ =4 E 7 bz b RSN
SPEC-RLE R Rolloutid A2 69 sk b | s AEM5 O 5% I3k £ 9 B 18] o8 F
DAPO + SPEC-RL: AA24.2h —12.9h
End-to-end (h) Average step time (s)
Algorithm Total Total A vs.base verification rollout assembly reward old-log-probs ref values adv update-critic update-actor others
QOwen-3-1.7B-Base
GRPO 12.63  505.1 - - 309.9 - 91.0 172 158 - 04 - 56.0 14.9
— + SPEC-RL 8.65 346.0 4 159.1 22.1 135.2(2.29%) 1.5 81.0 17.1 16.3 - 05 - 56.2 16.2
PPO 14.10 563.9 - - 308.1 - 100.5 17.2 - 140 4.7 46.0 56.5 16.9
— + SPEC-RL 10.78 431.2 3 132.7 2277 158.6 (1.94x) 1.4 94.1 17.3 - 13.8 4.6 45.0 55.5 18.1
DAPO 11.10 4438 - - 301.3 - 93.1 8.6 - - 03 - 25.9 14.6
— + SPEC-RL 790 316.0 4 127.9 21.0 139.0 (2.17x) 14 97.9 18.1 - - 02 - 25.9 12.7
Owen-3-8B-Base
GRPO 31.66 1266.4 - - 768.2 - 73.2 66.8 66.9 - 42 - 263.8 23.4
— + SPEC-RL 21.03 841.0 J 4254 747 305.8 (2.51x) 1.3 61.4 63.8 62.4 - 49 - 248.8 18.0
PPO 34.85 13939 - - 676.7 - 70.5 65.4 - 574 42 224.1 2604 353
— + SPEC-RL 26.97 1078.8 J 315.1 71.5 349.3 (1.94x) 14 64.9 59.6 - 521 49 205.9 236.9 32.5
DAPO 2429 971.8 - - 699.2 - 64.4 66.3 - - 0.1 - 121.1 20.7
— + SPEC-RL 1290 5159 4 455.9 51.0 243.0(2.88x) 1.1 54.0 51.2 - - 0.1 - 97.5 18.0
LLaMA-3.2-1B-Instruct
GRPO 10.20  408.0 - - 229.7 - 105.8 12.6 11.5 - 04 - 34.7 13.2
— + SPEC-RL 728 2913 J$ 116.7 172  88.3(2.60x) 1.4 1104 13.0 119 - 05 - 344 14.4
PPO 10.94 437.6 - - 218.9 - 1176 12.5 - 10.0 4.8 10.0 326 313
— + SPEC-RL 8.60 3440 4 93.6 17.5 108.9 (2.01x) 1.3 110.9 12.4 - 10.1 4.6 10.1 343 33.8
DAPO 9.77 328.4 - 198.4 - 100.8 11.2 - - 0.1 - 9.6 8.5

— + SPEC-RL 6.97 2384 4 90.0 134 80.0 (2.48x) 1.1 110.5 11.5 - - 01 - 9.9 12.0




Case Study

/~ Prompt ™\
system
You are a helpful assistant.
user
If -3 < x+ 5 < 8 and x is an integer, what is the sum of all the possible solutions?
Please reason step by step, and put your final answer within \boxed{}.
assistant
\ J
) )
To solve the given inequality —3 < x+ 5 < 8, we need to To solve the given inequality —3 < x+ 5 < 8, we need to
isolate x on one side of the inequality. We can do this by isolate x on one side of the inequality. We can do this by
subtracting 5 from all parts of the inequality: subtracting 5 from all parts of the inequality:
—-3-5<x+5-5<8-5 —-3-5<x+5-5<8-5
Simplifying each part: Simplifying each part:
—-8<x<3 —-8<x<3
Since x is an integer, the possible values for x are: Since x is an integer, the possible values for x are:
{-8,-7,—-6,-5,—4,-3,-2,-1,0,1, 2,3} {-8,-7,—6,—-5,—4,-3,-2,-1,0,1,2,3}
Next, we sum these possible values: Next, we need to find the sum of all these possible values of x.
8+ +E6)+(=5)+(-4)+(-3)+(-2)+ (-1) We can sum them directly:
+0+1+2+3 8+(=7N+6)+(-5+(+(-3)+(=2)+(-1)
+0+1+2+3
We can group the positive and negative terms:
-8+3)+(C-7+2)+(C-6+1)+(-5+4) -10 We can simplify this by grouping the terms to make the
=-5-5-5-10 = =25 addition easier:
-8+3)+(-7+2)+(-6+1) + (-5+0)
Thus, the sum of all the possible solutions is: +(-4+(-2)+ 3+ (D)
\boxed{-25}. x =5+ (-5 + (5 + (5 +(6) + (—4) = =30
Thus, the sum of all the possible solutions is: V
\boxed{-30}.
- J J
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[¥ Code: https://github.com/Shopeel.LM/Spec-RL
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