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I Chain-of-Thought Prompting

Standard Prompting

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?

e .

A: The answer is 27. x

Regular Prompting vs CoT

~ -

Chain of Thought Prompting
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?

o J

Model Outp: I}

A: The cafeteria had 23 apples originally. They used
ZOtomakolund\.sw!eyhadZa 20 =3. They
bought 6 more apples, so they have 3 + 6 =9, The
answer is 9.
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Wei (2022). Chain of Thought Prompting Elicits
Reasoning in Large Language Models



I Zero-Shot Chain-of-Thought ParN [ nmsesmmme

[1st prompt] [2nd prompt]
Reasoning Extraction Answer Extraction
Q: On average Joe throws 25 punches per /"Q: On average Joe throws 25 punches per \
minute. A fight lasts 5 rounds of 3 minutes. How | _____| minute. Afightlasts 5 rounds of 3 - -+
many punches did he throw? A: Let's think step by step.
A: Let's think step by step.
In one minute, Joe throws 25 punches. -+ -In five

@ P > | rounds, Joe throws 5 * 75 = 375 punches. .

LLM ! \ Therefore, the answer (arabic numerals) is /

I ! L

/ LLM

In one minute, Joe throws 25 punches. J
In three minutes, Joe throws 3 * 25 = 75 punches. @
In five rounds, Joe throws 5 * 75 = 375 punches. [ 375. ]
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Kojima(2022). Large Language
Models are Zero—Shot Reasoners.
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Auto Demos One by One

e i A —— i s s e e )
Q: While shopping for music online, Zoe bought 3 country albums and 5
pop albums. Each album came with a lyric sheet and had 3 songs. How
many songs did Zoe buy total?

A: Let's think step by step. Zoe bought 3 country albums. Each album has 3
songs. So she bought 3*3=9 songs from the country albums. Zoe bought 5

[ Q: While shopping for music online, Zoe bought 3 ... J

( Q: A chef needs to cook 9 potatoes. He has already... ]

E pop albums. Each album has 3 songs. So she bought 5*3=15 songs from
- / ! the pop albums. Zoe bought 9+15=24 songs in total. The answer is 24.

|

|

( it Y Y\ —»{ Q: A chef needs to cook 9 potatoes. He has already cooked 7. If each
Fh Mo 7@ A potato takes 3 minutes to cook, how long will it take him to cook the rest?
/@ @ ™ Clusterin / - . i thi
i \ g ,- ® \ A: Let's think step by step. The chef has already cooked 7 potatoes. That
\ @ / B \ O O ! means it has taken him 7 * 3 minutes to cook those 7 potatoes. That means
\ O @® \ 4 it will take him 3 more minutes to cook each of the remaining 2 potatoes ...
N 7/ N, 4 ot oo oy s e S voee e YR S e e e e S e S sl
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' Q: A pet store had 64 puppies. In one day they sold 28 of them and put E
| the rest into cages with 4 in each cage. How many cages did they use? !

A: Let's think step by step.

B : : &
[ Q: While shopping for music online ... A: Let's ... ] Test Q'uestion [ LLM ] In-Context Reasoning

<

The pet store had 64 puppies. They sold 28 of them. That means they have

[ Q: A chef needs to cook 9 potatoes ... A: Let's ... ] 36 puppies left. They put the rest into cages with 4 in each cage. That
means they have 9 cages. The answer is 9.

L] L] . . . .
b o Sampling by Selection Criteria [—

. J

Figure 4: Overview of the Auto-CoT method. Different from Manual-CoT in Figure 1, demonstrations (on the right)
are automatically constructed one by one (total: k) using an LLM with the “Let’s think step by step” prompt.

Zhang (2023). Automatic Chain of Thought Prompting in Large Language Models.
In The Eleventh International Conference on Learning Representations



I Tab-CoT

The bakers at the Beverly Hills Bakery baked
200 loaves of bread on Monday morming.
They sold 93 loawes In the morming and 39
loawes In the afternoon. A grocery store
returned & unsold loaves. How maimy loaves
of bread did they have lefi?

Question

@The bakers at the Bewverly Hills
xery Nad 62 loaves of bread left on

L Monday afternoon.

Standard
Prompting

o

15 words

o

Eeverly Hllls Eakery baked 200 loawves of bread

cn Monday morming. This Is cur starting polnt.
[...ianather &2 tokens)] Putting all of this
together, we can say that the bakers had 200
loaves to start, sold 132 of them, and had &
returned, for a total of 62 loaves remalning.

Zero-shot
CoT

140 words

1 | 200 loaves baked | 200 locaves |

2| 93 loaves sold In morning | 107 loaves |
3 | 2o loaves sold In afternoon | 52 loaves |
4 | & loaves returned | 74 loaves

Zero-shot
Tab-CoT

28 woras
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Jin, Z., & Lu, W. (2023). Tab-CoT:
Zero-shot Tabular Chain of Thought.
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I Self-Consistency

Self-consistency

/Q: If there are 3 cars in the parking \
lot and 2 more cars arrive, how many
cars are in the parking lot?

A: There are 3 cars in the parking lot
already. 2 more arrive. Now there are
3 + 2 =5 cars. The answer is 5.

Q: Janet's ducks lay 16 eggs per day.
She eats three for breakfast every
morning and bakes muffins for her
friends every day with four. She sells
the remainder for $2 per egg. How
much does she make every day?

Language
model

. Y
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Marginalize out reasoning paths

Sample a diverse set of ‘
to aggregate final answers

reasoning paths 2

~ :

She has 16 - 3 - 4 = 9 eggs
left. So she makes $2*9 = | The answer is $18.
$18 per day. i

This means she she sells the

remainder for $2 * (16 - 4 - 3) The answer is $26.
= $26 per day.

1

She eats 3 for breakfast, so | )
she has 16 - 3 = 13 left. Then |
she bakes muffins, so she | The answer is $18.
has 13 - 4 = 9 eggs left. So

shehas 9 eggs * $2=$18. !

J

Wang (2022) .

Self-Consistency Improves Chain

of Thought Reasoning in Language Models.



| chain of Knowledge (CoK) ParN [ =memens

1 ' N
r-bExempl[% Exemp}% Exemplar

I #1 #K

1

1

I

1

Exemplar #1

Q: Is the following sentence
plausible? 'Joao Moutinho
was out at third.’

A: Let's think step by step.

— Test Example

) : Q: Is the following sentence plausible?
Copeihot Fessaig * Knowledge Base 'Derrick White backhanded a shot. Knowledge Base
Chain-of-Thought * A ? Prompt [ -+ Factuality Verification
Retrieving [’ fineRion Sl . i B IR AT .* ...... -

let's rethink.

Chain-of-Knowledge ¢ 1. (Derrick White, isA, bask-

etball player) ¥4

' :
/1Exemplar-#1 N | 1 Output N : | 2. (backhanded shot, is co- |
Q: Is the following sentence plausible? 'Joao Moutinho I Evidence t-ln’u:;ie-s. """"""" i : i1 mmonly .used in, hockey or |
was out at third. ' 1. (Derrick White, isA, basketball player) | .......;.. ttennig) &,
Evidence triples: , 2. (backhanded shot, is commonly used || S —
: in, hock tennis ; L., ;
1. (Joao, isA, soccer player) I '_ SN o v e e e e oy ¥ 1.0
2. (being out at third, is part of, baseball) ' Explanation hints: Backhanded shot is “4+-+--3 Faithfulness Verification» 09
: . : commonly used in hockey or tennis, but 1
Explanation hints: Being out at third is part of baseball, nm,nba'g’mba" — | mececcrccmaa-
yet, Joao Moutinho isasoccerplayerr. @ = | |'= = = s s s m m e e e e - - - - If reliable, Ioutput the answer.
: A: No. ( No J
. A: No. ) \_ Y, A
Exemplars Construction Chain-of-Knowledge Reasoning F2.Verification

Figure 2: The proposed framework. We first construct exemplars with chain-of-knowledge (CoK) prompts. Then,
the CoK prompts can be used to let the LLLM generate reasoning chains, including evidence triples, explanation hints,
and the final answer. Lastly, we estimate the reliability of reasoning chains in terms of factuality and faithfulness,
and the unreliable ones will be rethought.
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C o <
' Explanation hints: Backhanded shotis |1} Faithfulness Verification > 09 > Rethinking Proces
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Chain-of-Knowledge Reasoning F2.Verification

--------------- R T i : MK
! B| ! . ' ca— : g — {(Qi,ﬂ,Hz,Az) =
» Exemplar  Exempl .. [Exemplar , ! @ | :
I #1 #2 #K i : - 5 )
— - ] (] . ] N _: —
| —[Test Example T ; 1 » Factuality Verification——CoK-ET (iL# =G4
1| Q: Is the following sentence plausible? 1 I . . . o . .
I 'DefrickeV\;:mito:t':;gckhanded a shot.' : I KﬂOW'eige Base 1 _/J:I_ﬁ}a Ey'\j (+, -]E, %) ;méﬂ_lﬁ 7’5]] ‘L/E{)§ Ef:' E}@ﬁ.%%ﬂ
) I I \
Prompt [ I ..--»! Factuality Verification ! {,R B JG FiE i
If unreliable, ! g___--_.} ....... : o G E —
& LM let’s rethink. | ' 1. (Derrick White, isA, bask- ' y » Faithfulness Verification——CoK-EH (#E4 )
o : l | : etball player) & . : '
~1 Outpu ~ : . 2. (backhanded shot, is co- o
............ ! : b 3 , /
XTI |4 o gssainroseyor 3 Ve (AT =[O T Ai]) = SimCSE(H;, HY).
'y (DomckWhitetsAbaskemallplayef) o ik i e g e e A b )
, 2. (backhanded shot, is commonlyused (| . .
|in,hockey ortenmis) _ ___ ) i 3 L _mm :
]
1




BXARSINES® —
P* TURERLBESSESE PHFN E JTE:ELIDﬁ' 'ﬁfEﬁ* L*Eﬁﬂnﬁﬁ
, m\ MIIT Key Laboratory of

Pattern Analysis & Machine Intelligence

Active Prompting with Chain-of-Thought for Large Language Models

Shizhe Diao*, Pengcheng Wang®”, Yong Lin®, Rui Pan®, Xiang Liu®*, Tong Zhang*
*The Hong Kong University of Science and Technology
“University of Toronto *The University of Hong Kong
* University of Illinois Urbana-Champaign
{sdiaoaa, ylindf, rpan}@connect.ust.hk pcheng.wang@mail.utoronto.ca
xiang.liu@connect.hku.hk tozhang@illinois.edu



PArtem Fecognition and NEural Computing
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(1) Uncertainty Estimation (2) Selection
" UNLABELED_QUESTIONS ) a : N\ ncetiilatyEhatiog
( k & ™ . .
Q,: Karen is packing her backpack for a long-distance Q72 A robe takes 2 bolts of blue fiber and half that much Qunr: 1.0 Most Uncertain Questions
L hike... ) white fiber. How many bolts in total does it take? Q101 '1 0
. R 7 42- 1.
) : . v Qe 1.0
Grs: A robe takes 2 bolts of blue ber and hfthet much %345-:01 g »Q101, Qaz, Qs2, Qaas,
| White fiber. How many bolts in total does e? y 3 3 3 3 3 Q3606.- 0.8 i Qv Qe Qe
1. .
. Qq7s: 0.8
( : u=1/5=02 Qur 08
Q,: Josh decides to try flipping a house. He buys... 9=
\~ < - Qo 0.2 (3) Annotation
- 72. -
r 3 A
Qioi: Ralphis going to practice playing tennis witha || | e N
S . tennis ball machine that shoots...
Fill in the question —» N ) ; New Exemplars E
Y : /Q,m: Ralph is going to practice playing tennis with a tennis ball ...
v A : A:Ralph started with 175 tennis balls. He hit 2/5 of the first 100 balls,
/ Few-shot CoT \ 1 2 3 4 5 : so he hit 2/5 * 100 = 40 balls. He hit 1/3 of the next 75 balls, so he hit
e N H 1/3 * 75 = 25 balls. In total he hit 40 + 25 = 65 balls. He did not hit 175
Q: There are 15 trees in the grove. Grove workers will... : - 65 = 110 balls. The answer is 110.
A: There are 15 trees originally...... The answer is 6. - . PN J
- J u= 5/5 o 1.0 . :
: . - : N
= <3 : : Qsg1: Hans booked a room in a hotel. The hotel has 10 floors ...
. s i A: here are 10 floors with 10 rooms each. The last floor is unavailable.
Q: Olivia has $23. She bought five bagels for $3 each... : ) '
Sarbig = Qso1: Hans booked a roomin a hotel. The hotel has 10 ] So there are 9* 10 = 90 rooms available.The answer is 90.
L A: Olivia had 23 dollars. 5 bagels...... The answer is 8. ) oo with 10 dbntical recms on.each Rodts. F ok 2
o J : +
+ |
[ ] ‘ : Test Question
Q: < UNLABELED_QUESTION > ( )
1 2 3 3 4 ' Q: Janet's ducks lay 16 eggs per day. She eats three for breakfast...
Zero-shot CoT \ (4) Inference
u=4/5=0.8 N e e
Q: <UNLABELED_QUESTION >
\A: Let's think step by step. / \ : /




I Selector

/

5

-~

Q72: A robe takes 2 bolts of blue fiber and half that much
white fiber. How many bolts in total does it take?

~

v

3 3 3 3 3

u=1/5=0.2

-

Q101: Ralph is going to practice playing tennis with a

tennis ball machine that shoots...
-

Y

Uncertainty Ranking

Q101: 1.0
Q422 1.0
QszI 1.0
Q345: 1.0
sti 0.8
Q301I 0.8
Q9781 0.8
Q591: 0.8

Q,,: 0.2

A

1 2 3 & 5

u=5/5=10

Qsq1: Hans booked a room in a hotel. The hotel has 10

floors with 10 identical rooms on each floor...

~
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I Active Prompting PHI'NP_[: 1SRRI S AR

METHOD |GSM8K ASDiv SVAMP AQUA SINGLEEQ CSQA STRATEGY LETTER (4)|AVG.
Prior Best | 55.00 753° 574° 3797 325 912 7397 - | -
text-davinci-002
Auto-CoT 479 - 69.5 36.5 87.0 74 .4 654 59.7 B
CoT 46.9 TL:3 68.9 358 77.3 T35 65.4 56.6 61.5
SC 58.2 76.9 78.2 41.8 87.2 72.9 70.7 57.6 67.9
Random-CoT 63.9 82.3 81.1 44.1 89.4 74.5 73.3 65.5 71.8
Active-Prompt (D)| 73.2 83.2 82.7 48.4 90.6 76.6 76.9 67.7 74.9
Active-Prompt (E) | 71.1 83.8 81.8 50.3 93.1 78.8 76.9 66.7 53
code-davinci-002
Auto-CoT 62.8 - - B - - - - -
CoT 63.1 80.4 76.4 453 93.1 779 T3:2 70.4 72.5
SC 78.0 87.8 86.8 52.0 93.7 81.5 79.8 73.4 79.1
Random-CoT 78.6 87.1 88.0 53.1 94.0 82.1 794 713.3 79.4
Active-Prompt (D)| 82.2 88.4 88.7 53.1 94.5 83.9 80.6 74.1 80.9
Active-Prompt (E) | 834 89.3 87.5 57.0 95.5 82.6 80.6 76.7 81.6
gpt-3.5-turbo-0613 (w.o. SC)

CoT 74.2 82.5 83.8 50.0 95.0 79.9 80.5 82.0 78.5
Active-Prompt (D)| 77.1 83.6 85.5 50.0 96.0 81.5 82.1 84.0 80.0
Active-Prompt (E) | 78.2 84.7 86.0 57.3 95.5 80.7 81.3 84.0 81.0
gpt-3.5-turbo-0301 (w.o. SC)

CoT 80.1 86.7 82.0 56.2 91.3 74.6 64.4 81.4 77.1
Active-Prompt (D)| 83.5 87.4 83.0 60.6 933 75.9 70.0 84.0 79.7
Active-Prompt (E) | 83.8 88.8 83.7 61.0 93.7 75.0 71.0 84.0 80.1
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I Work PHI'NF_ ﬂE‘LLﬂﬁll’ﬁinéiri-EﬁH“*E

(1) Uncertainty Estimation (2) Active Prompt Construction

/Gcncrcl prompt words
{F High Uncertainty Text [

%} Task Pool Tex‘t Sample Datas

ﬁ@ You are an expert in information

_— _)/

@9 extraction. ......
‘th Expert Annotation .
= © el Few-shot examples +
\.&ﬁf and Select based on U. K T ‘A(
- ?
Semi-structured Text .. Set Format Data L

......................................................

Task text +

Generation ' :Dual-Level Infrospechve

g | Disorsenent L Uncertainty | § | e e s
analysis...,the result is: TesessstggrTToteteter Teeses P P : < =
M'Y " W, 1140 @d\! (ur) ( Uc\,.' Wi st =3 (N I \ metformin. /
json ("type":...} ) _ & "/ \E o W .
._ - X :
T\ TNA #
JSON Format - }

/ \ " ", IIP "nn ", IIJ h 5 hll
~"Regularized ™. e o e R Sehema: {"type": "Person", "text": "John Smit
%ﬁhmg/ '[ Json{ fypc } J > W {u*ypeu qumse" "+ext": "dmbefe,s"}
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I Work

ParN_!

PHArtem Reooanition and NMEuvral Computing
e | Mehogs | CONLLO3 ACEM4-NER | CoNLL04 SciERC AMN
I l NER Fl-scoretf  NER Fl-score? I NER Fl-scoref  RE Fl-scoref  NER Fl-scoreT  RE Fl-scoret I Fl-score?

24.12 14.53 34.76
0.5 —— AP 632  29.5715.45 1443 1011 | 40321556
Gemma-3-12B — . PRT— 1 27.2513.13 9.84 |4.69 40.38 15.63
Ac 0.4- 7.78 25.45 11.33 19.25 14.72 40.23 15.47
® :>¢<:_c/\ B 8.23 26.21 12.09 16.85 12.32 40.84 16.09

S A - . —— ZSL

3 U - R 20.51 18.08 2831
o 664  27.9417.43 19231114 | 39.04 11074
Qwen-2.5-14B 0.2 —————————s 874 27421690 9.55 |854 | 3579 17.48
A« 5.91 29.11 18.60 13.74 [4.34 38.35 110.04
0.1 ——— ——p————1 — 8.88 31.40 110.89 14.11 [3.97 | 40.19 111.88

3 R g’;\" L 26.19 11.06 32.73
oL 21.00 | 1.0U 210U | 12.10 TR 5 FARRVERY zr.02 1L.54 26.87 10.68 11.30 10.24 36.56 13.83
Deepseek-R1-14B KD Sort 51.47 10.90 31.24 113.47 63.48 | 0.04 33.11 15.81 29.17 12.98 10.75 L0351 36.53 13.80
Active-Prompt 57.34 16.77 41.19 123.42 6493 11.41 32.13 14.83 30.82 14.63 11.48 10.43 39.65 16.91
APIE 59.28 18.71 41.95 124.18 66.32 1251 34.62 17.33 33.09 1690 13.58 12.52 41.47 18.74

ZSL 65.76 24.87 68.51 31.74 33.44 20.30 40.77
RSL 69.71 13.95 33.31 18.44 71.29 12.79 42.32 110.58 4043 1699 20.35 10.04 46.23 15.46
Deepseek-v3-660B KD Sort 69.25 13.49 38.62 113.75 72.57 14.06 51.01 t19.27 37.98 14.54 14.20 |6.10 47.27 16.50
Active-Prompt 7248 16.72 4733 122.46 72.75 14.25 47.66 115.92 41.89 18.46 1890 | 1.4] 50.17 19.40
APIE 72.73 16.97 48.56 123.68 72.86 1436 50.20 118.46 42.05 1861 2145 11.15 51.31 110.54
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