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Standard Prompting

Model Input

~

Q: Roger has 5 tennis balls. He buys 2 more cans of
tennis balls. Each can has 3 tennis balls. How many
tennis balls does he have now?

A: The answer is 11.

Q: The cafeteria had 23 apples. If they used 20 to
make lunch and bought 6 more, how many apples

do they have?

y

Model Output

A: The answer is 27. x

AT L ZEBEE token”[REI?

RIESRE (LLM) £ERERESHANEF, m#RAEBZ (Chain-of-Thought, CoT) &

REZRT AREXRER,
aiE,
, —BiREMMENEM.

0%, BORE token hFFL/ERE,

Chain-of-Thought Prompting
Model Input

Q: Roger has 5 tennis balls. He buys 2 more cans of
tennis balls. Each can has 3 tennis balls. How many
tennis balls does he have now?

A: Roger started with 5 balls. 2 cans of 3 tennis balls
each is 6 tennis balls. 5 + 6 = 11. The answer is 11.

Q: The cafeteria had 23 apples. If they used 20 to
make lunch and bought 6 more, how many apples
do they have? j

A: The cafeteria had 23 apples originally. They used
20 to make lunch. So they had 23 - 20 = 3. They
bought 6 more apples, so they have 3 + 6 =9. The
answeris 9.
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Figure 1: Chain-of-thought prompting enables large language models to tackle complex arithmetic,
commonsense, and symbolic reasoning tasks. Chain-of-thought reasoning processes are highlighted.
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. Soft Thinking: E[@ EEMZ=IE
RITHEEHEBR, EXIRE Soft Thinking — — TEHHIMIL FOHIETR.
o NTRRLLMSTEB B B IRRIPRE], EXIRLE T Soft Thinking /5%, XE2— 1T EHMIMILG (training-
free) M7AE, EEILLLMSEERRTEELAIMIZZ(E (continuous concept space) AFHITHIE,

e Soft Thinkingt9izILEIFFR7ET, EBRAK TIRECOTRERANDIERIFIRE. EMMENCOTH, BERES—H
WEERER—TWSCRABIIDENHES S, REMNPREHIEE CRE) —MITBEA TR,
Soft ThinkinglI A&, EREBTRETENBMES .

@.Co‘l’ vs Soft ‘I'L\inkiv\g
B NEE— M REMEoken l I & —ymag | I BRBABRAT l I T EE A I | SRR l I FstEE S P RERE |

2. Soft Thinking FI=1 %213

2.1 #%:2 token (Concept Token)
EEAREHESE, LM 2L — M EFEMTCE LFMEMCBEES % p .
XMBEEDT p AR — MERITIE (ct :=p)

ct:=pe AlVI-1

SESHEEREIGD MISEIREMMRCAE, MSMCREBTEBNART—INRESIHER. XRETE—IN
E‘.jJDIL‘a\ 'fl:l/u;\o

2.2 EEME=IE

BT CRFPEAFTETA RN @ EIRIZRINABCKA, BRI & ELARE =8,

{Zkak e(®) ‘ a€ A'V‘_l}

Hepe(k) % k MTBLIMWRAEE, o BBEDH., RESEXDEL BT B HHITHE,

Soft Thinking FIFXFHBRINAEE, FH2 token RRENFREE, BT EDMEBIDCHRIXEN.

Q

o EZMIZTEFHIMIEIFE (Reasoning Process) :
7ESoft ThinkingtEZ2R T, B—FHHIBAN—TMHE token 5, RBE"BRNEEIGEEHIE,
AdER
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W SRR T —MITARED T p (EXNEE token: ct) ;

B AR EIZES token BN € = Y, p[k] eP) HISEAENT—PMONEE, ¥, BRSIR EEESHERZ
1 Le2E=ptid

i

3] /\%'_—Ll ﬁU’fE%,u\ token MESMRIETABERNIC (¢Vthink)) , HEBEIREMULERT. —ERSBMRIETH
"ERBE, EREIFREIEENER, BRAREELANERRAERNRLEN K.

Soft Thinking

Intermediate Thinking Output

r = N\ f_H
ct, ct, Y1 Concept Tokens
El .2 BEE .12 0001 (ct)

Original Dist.

il - I
Large Language Model

Input 30E a2 43 .12
Xy e X, ct, cty

l <« Probability Dist.

f—

Figure 2: Soft Thinking replaces discrete tokens with
soft, abstract concept tokens, enabling reasoning in
continuous concept space.

SNE2FfR, Soft Thinking FA#ESARE (RAEEERS ) B TEEIE, HBXMREMATE L ANELE
BRAERERREAN, B FT—FSHNEZ, SEHCOTEIRFEMIEERHMEZEERE, Soft
Thinking BE M ZAFCHREB T8-S TEMHMER S .

o X token MIEFEN SN ITHE:
2 token EMERITE HRIRZIN T—MITHBHBREE p, EXNNMABRNE@EBIHERMAKIEE), B
Enext = S k] e®) € R
XE ) 25 k MATHRANEE, X MIIFIEEI Epeqr AT ELEE =18 C .

AT HMTES, LHRTINERE LRSI top-k/top-p Tk, REBRESNET AT, BEENLH
TEMXA, BMNIRNXFBTREEEENGRNER, THIIINEISH,
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BRRERIR 2 fp

!

ft_token et = p

v

HAHE : 0= £ p[k]e®

v

[z mtop-k/top-pﬂ R(TTiE)

v

BENCREE

2.3 Cold Stop (2f=1E)
(1) BEES
o BRMSITICEEMRILER N, [ESESMNESITCIENRNTILAEE, SFEEBBHET 19
#4h (Out-of-Distribution, OOD) HIIRZS.

o XERENLLMSEEREFHAEFRI LFHTIIG, MRHEBIRIRK, XMOODMAFIEES KRR )
(model collapse) , BIMIFIREEERTEXNAR.

g
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Cold Stophl#IREik
EHEMI S tokenlE A ‘T Cold stop${$m$'l

V !

SZROODIRE NS (E L HEEE
o GE SENAE T B SR AT BEHE ¥ I¢R
HREEXAT % FYEIEHT

(2) BRAR
o SIANTETHEHCold StopR A, X TFHISHESMEIEPEIFEIIE, FIHKEREIANER TER

&,
o B{i3fin, Soft Thinking (RE TE—I=EMNMER S, FELILATERZMRICAE (Entropy)
H(p) = — Z'k‘i'l p[k]log p[k]

BREEETHEMN—TBRER, fF CEUTYEZRN L") RIPREXIEMNIEFEBE, HIETUR
IRERBE,

Cold StoptlHiRE—THEE ™ M— T FARINELRBTRE K,

o BEHIM:
MBLESBOGE H(p) < 7, MEIMEESBITHE SWEEITEHES.
LIHEERIAR K B, SEHIBA—NMBEERTE (/think), EREEHFRERRRER,
XPHEER T AMLENITE, AELEOODMANEER TR ERRIIN, B8 7T HENSHFIENME,
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 Thinking 12)

v

LM ERRECR EEVRER 2% (p)

—

BEE D WEPAMR token (ct)

v

S

HHEER token 8RA : MR token HRAMITRER X KFD

l

BREEANREE UM FAT—RELSEEA

V

TTHEER token B9 (H(p))
<br>for Cold Stop
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C >
/

ZE tokens BEIEH

4. LRERS O th

LA T =X ERARELLMERL . QwQ-32B, DeepSeek-R1-Distill-Qwen-32B, DeepSeek-R1-Distill-
Llama-70B, XLERTSHAEHZ32BM70B, RiFEIEQwenFILLaMA, YIZENEAE (RLIIZRFAZEI
%) , XRIET Soft Thinking 77&R0@RAMAZLEES .

SEEREL S EERD:
1. Standard CoT Thinking: #n&EMN . £REXFEISBHELTESE.

2. Standard Greedy CoT Thinking: 7E#IENEMNE—SEFERA AR (greedy decoding) BIFRECOTH
o

BRI
o Pass@1EME: HRELENERERNLES, Passel STERMANDTHERAULITHE.

o EMKE (FMIEMAR) @ GHERIEIENNR, FITERELENERERIMERNIEIENE. XM MENE
By FIHETT B AT REZ BRI

4.1 EELR
4.1.1 EEHE

BHEEREHE: Math500, AIME 2024, GSM8K, GPQA-Diamond, XEESHEERF, MNFEARIARER
AEEEEF DR,
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Accuracy 1 Generation Length |
MATH AIME GPQA MATH AIME GPQA
500 2024 OSMBK pimond AVE: 500 2024 Diamond A&
QwQ-32B [13
CoT Thinking 97.66  76.88 96.67 64.17 83.84 4156 12080 8095 6472
CoT Thinking (Greedy) | 97.00  80.00 96.57 65.15 84.68 (10.84) | 3827 11086 7417 5967 (| 7.8%)
Soft Thinking 98.00 83.33 96.81 67.17 86.32 (12.48) | 3644 10627 7213 5719 (| 11.6%)
DeepSeek-R1-Distill-Qwen-32B [38
CoT Thinking 94.50  72.08 95.61 63.10 81.32 3543 9347 6218 4995
CoT Thinking (Greedy) | 93.00 63.33 95.30 59.09 77.68 (1 3.64) | 3651 8050 8395 5286 (1 5.8%)
Soft Thinking 95.00 76.66 95.83 64.64 83.03 (1 1.71) | 3373 6620 4722 3875 (| 22.4%)
DeepSeek-R1-Distill-Llama-70B [38
CoT Thinking 94.70  70.40 94.82 65.34 81.31 3141 8684 5500 4486
CoT Thinking (Greedy) | 94.61  73.33 93.60 66.16 81.92 (1 0.61) | 2877 9457 4443 4345 (1 3.1%)
Soft Thinking 9480 73.33 94.90 66.66 8242 (T 1.11) | 3021 6644 4470 3683 (| 17.9%)

Table 1: Comparison of Soft Thinking and various baseline methods on accuracy and generation

length across mathematical datasets. Best results are highlighted in bold.

(1) Pass@1 /HERZERF

o TEEEHWIEMES L, QwQ-32B AT Pass@1 M 83.84% (CoT) 12FZ! 86.32% (Soft Thinking), E&EiR

=7 2.48%,

o TERREHLELIEA) AIME2024 $iiESE |, IRFIERIART 6.45%. 34T DeepSeek 8, Pass@1 thh 1.11%
2 1.71% REART.

(2) EENEREERS

o TEENFWIBELE L, Soft Thinking {£1§ QwQ-32B BUiaiB{ER =R/ T 11.6%, DeepSeek-Qwen-32B &/

T 22.4%, DeepSeek-Llama-70B @b 17.9%, XLEERRSHRAE CoT Thinking 1BEERIZER.,

4.1.2 wmIEEE

RIEEHEEIE: HumanEval, MBPP. LiveCodeBench, %55l ZLiveCodeBench{fH T2024F8F8E2025F 1A%
AT EAE) R, DARRRIT AT, BRIIE SR,
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Accuracy 1 Generation Length |
HumanEval MBPP LiveCodeBench Avg. HumanEval MBPP LiveCodeBench Avg.

| QuwQ-32B [13]
CoT Thinking 97.63 97.49 62.00 85.70 2557 2154 9986 4899
CoT Thinking (Greedy) 95.73 96.50 57.35 83.19 (L 2.51) 2396 2069 7034 3833 (| 21.8%)
Soft Thinking 98.17 97.66 62.72 86.18 (1 0.48) 2638 2157 7535 4110 (J 16.1%)

| DeepSeek-R1-Distill-Qwen-32B [38
CoT Thinking 97.25 95.13 57.33 83.23 3095 2761 8376 4744
CoT Thinking (Greedy) 87.19 87.54 43.36 72.70 (4 10.53) 2294 1703 4702 2900 (| 38.9%)
Soft Thinking 97.56 95.33 59.50 84.13 (1 0.90) 2713 2534 6255 3834 (1 19.1%)

| DeepSeek-R1-Distill-Llama-70B [38]
CoT Thinking 97.711 94.77 56.94 83.14 2711 2386 8319 4472
CoT Thinking (Greedy) 92.07 91.82 48.02 77.30 (1 5.84) 2192 1979 5438 3203 (| 28.3%)
Soft Thinking 98.17 94.94 58.42 83.84 (1 0.70) 2498 2214 6512 3741 (1 16.3%)

Table 2: Comparison of Soft Thinking and various baseline methods on accuracy and generation
length across two coding datasets. Best results are highlighted in bold.

(1) Pass@1 /EHRAZFEIRF
o TERFZEE L, Soft Thinking thSLI THRERF, 1Y Pass@1 €57 0.48% % 0.90%,

() TEREREIRE

o EREFAESFHEMERTEMNNEE: FEEERERLDT 16.1% = 19.1%, XMAEBMAEERETNE
BRI EMEERA, thRFREEEREERTSMNHEIEATERER,

Ihg:

o SLIULEREARMA, Soft Thinking ERIFHEAMERIERE (EHR) MENER (EMKE) HEHES T RN,

o XMW ESmTHZOERE: FAGEBRBEFEIEXEENESINC, B8 —THIER, WMSIrICEEBE
—MEFE'NERAGEEHRFIESHERE. BEit, BRERFEF ONHEIESEMEARERER, BIEK
I)JJE DENEIEEREZ,

e Soft Thinking E@a“ﬂl%?&ﬁ#ﬂF"’ﬁ%fﬂ’.ﬁ‘iiﬁﬂ:iiﬁﬁ_ﬂ’\lﬁﬁﬁﬁiﬁg, 2 R T E RIS AR AN S
B, BUEB—SREMEAE T —HIaENTREMED T, Soft Thinking SEI T S REIEHITAYERIE"ER
a, ﬁ?‘ﬁ(ﬂ?ﬁm?’fiiﬂ’\]h?:lﬂ, ER e % T B EHRNATIRIE,

4.2 ERLGR

o -1
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/Question: 43*34="7 \

CoT Thinking (157 tokens):

First, | recognize that multiplying 43 by 34 can be simplified by breaking down the numbers into more manageable parts. I'll decompose
34 into 30 and 4.\n\nNext, I'll multiply 43 by 30. Since 30 is three times 10, | can first multiply 43 by 3 to get 129, and then add a zero to
account for the 10, resulting in 1,290.\n\nThen, I'L multiply 43 by 4, which equals 172.\n\nFinally, I'll add the two results together: 1,290
plus 172 gives me the final answer of 1,462.

Soft Thinking (96 tokens):
To solve 43 multiplied by 34, I'll start by breaking down the numbers into their place values. \n\nFirst, I'll multiply 43 by 4, which gives
me 172.\n\nNext, I'll multiply 43 by 30, resulting in 1,290.\n\nFinally, I'll add these two products together: 172 plus 1,290 equals 1,462.

Figure 3: A comparison between standard CoT and Soft Thinking on a multiplication problem.
We select the token with the highest probability at each step of Soft Thinking for readability and
interpretability. Full distribution is visualized in Figure 4. Red text denotes repetitive, useless words.

EBRR 7T — T EBNFEAEDM (43 *34) EiRECoTHISoft ThinkingfUimtEixItE, HRARN T RIEME, 7ESoft
Thinkingl8—H&EF 7T MR ESMTEHRTRSR. SRKI, Soft Thinking BHEIAFT T BERALEE AT
Bit, SAMMAEHEETERER (1462) , Soft Thinking £RAIBEREEEEREE (96 ™MaIEXEE157 11
1B) . XKBASoft ThinkingEiR S 1ENEMRMNENT, BEBREZEEN.

o Tffl-2
3  multiplied by o 4 : q breaking down the ‘numbers N[yl
1 1.00 J J J J J 1.00 1.00 0.84 0.60 0.50
First calculate the can break ' multiplication to
0.39 0.07 0.09 0.40 0.28 0.16 0.40 0.50 1.0
| multiply use
0.21 0.05 0.19
1 2 3 3 5 & 7 3 s 10 1 1 13 14 15 16 17 18 15 20
place values ! P , [ multiply S o which N 0.8
0.92 1.00 d J 0.45 J 1.00
smaller tens An\n This 4 decom 3 0
0.16 0.08 0.30 017 0.09 0.20 0.45 013
make 1 separate is 0.6
0.16 017 0.16 0.09 N
2 2 23 2 2 2 27 28 2 30 31 32 3 3 35 36 37 3 39 ) =
multiply e y t . resulting in %
1.00 J J g g 1.00 1.00 1.00 &
0.4
A\n\n Finally o i products together Y
1.00  1.00 d d 091  1.00 d Lo2
2 the results to o
0.40 0.35 0.09 0.13 0.05

. 0 a equals . . An </think> L—Loo
1.00 1.00 0.50 1.00

T T T T T T T T T T T T T T T T
81 82 83 84 85 86 87 88 89 90 91 92 93 94 95 96 97

Figure 4: An example illustrating the probability distribution of our proposed Soft Thinking method.
At each step, top-k token candidates and their probabilities are shown. Red boxes indicate the selected
tokens that form the final generated sequence for readability and interpretability.

Bl4f& R T Soft ThinkingE REIEES BIEENHBERS . HRARBRERTBRESN=M31E. ERREK
HIEMER (ANEAFRRISIR-3, 13-14,18-20) , FEIEDHERREENY, RRTEFESMATHEEREI, mEH
ITHRRITEN, 1@ESHREBE TN (one-hot) , RIANATRABTEREZRER, MEEAGLERHRIT
%O

$f
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Soft Thinking vs f£4{CoTAIX 51:

o RHMNBENBY (Chain-of-Thought, CoT) EE—SHER(RE—TEEIET (token) , EMERHEE
HEMESE—RZEE, SHEBABRDZ,

e Soft Thinking5| N\ 7“#/& token” (concept token) MR, EBTHTREBEMILRIOMES T, 7B
REE—THREMERIET. XETEEENHSTEF#ITHIE, AIFELERSEZS MEERREZ, RETR
RZIFHIBYITAIRE

RirER CoT (f&E4% Soft Thinking

B B RS token —» RRERETE KRR RLSTE S — #F token; FR"EM”

RIKEEN SZBRFE# token LR (E, EXEMAR
MBS AIREKHEISIR Cold Stop sillfE, BFMIRUER
&R R or IRAIRIR B FRGZEZES, KYEIEHERBERE

6. S={ISCHL
6.1 MBERBESERTE

# B1E: QIEEBINE

conda create -n st_venv python=3.11 -y
conda init bash && source /root/.bashrc
conda activate st_venv

conda install ipykernel

ipython kernel install --user --name=st_venv

# 2% RETH

B

(B3%5-1) MHuggingFace ™%
# REERNRGIMETE (FIX, BRIRMLEKE))
# export HF ENDPOINT=https://hf-mirror.com

# TE git 1fs

apt-get update

apt-get install -y curl vim sudo

curl -s https://packagecloud.io/install/repositories/github/git-1fs/script.deb.sh | sudo
bash

sudo apt-get install git-1fs
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git 1fs install

# XMEETHRZAUBEY, THERNERZ.
cd /root/autodl-tmp/
git clone https://huggingface.co/Qwen/Qwen3-1.7B

# (HiL-2) MModelscope &

# SEENTHIER: https://www modelscope cn/models/Qwen/Qwen3-0.6B/files

# A—RBEEIE, THELN, FEEEEFRRE, TAMERRIANERE,

pip install modelscope

modelscope download --model Qwen/Qwen3-0.6B --local dir /workspace/model/Qwen3-0.6B

# $3%: THEUES

pip install ——upgrade huggingface hub

# WMRAEERZFE LN, 151%E& FTHAendpoint

export HF ENDPOINT=https://hf-mirror.com

cd /root/autodl-tmp/

huggingface-cli download --repo-type dataset --resume-download HuggingFaceH4/aime 2024 --
local-dir /root/autodl-tmp/aime 2024

# B4%: WRIBKEE
pip install torch transformers accelerate jsonlines math verify openai torch memory saver

# TTRIF\RER R 200 %
pip install flash attn --no-build-isolation

# install SGlang (0.4.6.postl) tailored for soft thinking
cd sglang_soft_thinking pkg

pip install -e "python[all]"

el oo

6.2 [REIRHLET

SERTINREREG

6.3 SGLang 5| ZE"F4E" 715 Soft Thinking
WXEMR A3 BETRENIEMER R, THK BMENEE — XEBRE - TIENH Az RAi7A,

(1) BEBRE: it SGLang HELNIRE soft-thinking &=
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X% SR/ S {EF
enable soft_ thinking: bool BId A< 1T --enable-soft-thinking --max-topk 15

model config.py” ~server args.py N
max_topk: int  think end str —-think-end-str </think> HFFFXEXHIBHE

(2) R1¥22: M"H token"Z|"#:Z token”

o {EPF: sampler.py

1. BB soft-thinking, 4T torch.topk(logits, k=max topk) 1%l topk probs /
topk_indices ; HERITFT—HE—HENBLENR,

2. hR ™ batch next token ids (BEEY argmax) fi tokenizer icRHE, S5IHBERS.
3. 118§ entropy = -X p log p HPERIZRKIL, H Cold Stop IRENERES

MR —xforward MER"ZED + ([, AEBZ/XIEHEH softmax,

(3) AR EBHRESHmRGIZIEEHS=E
o Xf#: vocab parallel embedding.py

o FRIZEREN weighted forward(topk probs, topk indices) :

topk_embeds = self.embedding(topk_indices) # [B, K, D]

new_embed (topk_probs.unsqueeze(-1) * topk embeds).sum(dim=1)

X553 top-k FEM—IRER-EEFRZE, Okd) IiTEEF R,

o ZFRIFETIAELI] weighted forward tp MEKEHITRE.

(4) 1EEIEIME: FEULELEHRN"
o {§: models/llama.py, models/qwen2.py

o LD

if batch.topk probs is not None:
hidden states = self.embed tokens.weighted forward(...)
else:

hidden states = self.embed_ tokens(input_ids)

—— BIRE"BEMER"E weighted_forward, BHMERIIEINE embedding,

o ENEME: RAOM@E, Transformer EFZEEA
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(5) fRHSIAE: Cold Stop = BEH#!

X ES it

#3F low _entropy steps iT%{; % entropy < T &4 >

length threshold Af: self.output ids[-1] = think end str id
——3gHIE N </think> HENRFIERER

schedule batch.py” ~scheduler output processor mixin.py

RITER

e HME t. 1T x YI7ET sampling params.py BLE;
o BIEE RRPINRAERIORE/RIEE,
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