CoT:
Chain-of-Thought

20190708

205
0O S

20240643 &



https://www.youtube.com/watch?v=mSoNhty4xEqg



https://www.youtube.com/watch?v=mSoNhty4xEg
http://www.youtube.com/watch?v=mSoNhty4xEg

https://www.youtube.com/watch?v=mSoNhty4xEqg



https://www.youtube.com/watch?v=mSoNhty4xEg
http://www.youtube.com/watch?v=mSoNhty4xEg&t=1130

Appearance of CoT
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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?

o P

Model Output }

A: The answer is 27. x
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Chain-of-Thought Prompting Elicits Reasoning
in Large Language Models
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Introduction Few-shot Prompting

Task description + Examples of demonstrations = No model update

demonstrations

Translate English to French:

sea otter => loutre de mer
peppermint => menthe poivrée

plush girafe => girafe peluche

cheese =>

Formulate tasks as language modeling

task description

examples

prompt



2. Manual CoT Method

Standard Prompting

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
Co they have?

Q: Roger has 5 tennis balls. He buys 2 more cans of

J

Chain of Thought

Chain-of-Thought pting

Q: Roger has 5 tennis balls. He
tennis balls. Each can has 3 te
tennis balls does he have now”

ys 2 more cans of
is balls. How many

1. The answer is 11.

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

A= The answer is 27. x

Co they have? J

A

answeris 9. ¢/

Finetuned GPT-3 175B

B Prior best

[0 PaLM 540B: standard prompting

[ PalM 540B: chain-of-thought prompting
100 -
80 |-
60 | 55 57
40 '
20

o V7 |
Math Word Problems (GSM8K)

Solve rate (%)

Figure 2: PalLM 540B uses chain-of-
thought prompting to achieve new state-
of-the-art performance on the GSM8K
benchmark of math word problems.
Finetuned GPT-3 and prior best are from
Cobbe et al. (2021).




2. Manual CoT Experiment Setting

e Evaluation Benchmark

o  Arithmetic inference: math word problems benchmarks such as GSM8K, SVAMP, ASDiyv,
AQuA, MAWPS, etc.

o Common sense inference: CSQA, StrategyQA, Date Understanding, Sports Understanding,
SayCan (Robot Instruction Mapping) benchmark.

o  Symbolic inference: last letter concatenation, coin flip tracking, et al. toytask.

e Models used: GPT-3 (text-ada-001 to text-davinci-002), LaMDA (422M to 137B), PaLM (8B
to 540B), UL220B, Codex.



2. Manual CoT Experiment Setting

e Dataset2 82| Manual CoT PromptE =06l A& &EH

e ManualdtH &4 T AKX 2 CoT Prompt annotator0il Al Specific instructionOl 3= X| X| &

o Final answerg =& == U &= Step-by-step Reasoning Process
e Prompting2 Few-shot setting(Standard Prompting)S J| 222 &
e 3J}Xl Reasoning0il CHoll Final Answer= &2 20|28 @82 14 &

o ex) So the answer is no

o ex) So the answer is 03/27/2001

o ex) The answer is (b)

=
=

HO et



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 answeris 11.

2. Manual CoT Experiment Setting

Q: How many keystrokes are needed

to type the numbers from 1 to S00?
Answer Choices: (3) 1156 (b) 1382 (c) 1480
(d) 1582 (e) 1788

-

e
Q\swer is (b). J

Q: Sammy wanted to go to where the

people were. Where might he go?
Options: (3) race track (b) populated areas
(c) desent {d) apartment (&) roadblock

So the answer is (b).

. )

Q: Yes or no: Would a pear sink in
water?

—
So the

answer is no.

J

5

Q: The concert was scheduled to be

on 06/01/1943, but was delayed by
one day to today. What is the date 10
days ago in MM/DD/YYYY?

So the answer is 05/23/1943.

. y

Q: Is the following sentence

plausible? "Joao Moutinho caught the
screen pass in the NFC

championship.”
A

So the
answer is no.

N

4

Human: How would you bring me
something that isn’t a fruit?

Plan: 1. find(energy bar) 2.
pick(energy bar) 3. find(user) 4.
Qut(enemy bar) 5. done().

A

Q: Take the last letters of the words

in *Lady Gaga” and concatenate
them.

A

answer is ya.

Q: A coin is heads up. Maybelle flips

the coin. Shalonda does not flip the
coin. Is the coin still heads up?

%

.

A
So the answer

G )




2. Manual CoT Resuits

Findings 1) Emergent Ability by Model Size

"Chain-of-thought prompting"_did not or rather impeded performance improvement in small
models, and only showed significant performance improvement in models with parameters
above approximately 100B.

Findings 2) Significant performance improvements

For complex problems such as GSM8K, performance is more than doubled on the largest
GPT and PaLM models.

Findings 3) The Importance of Natural Language Inference

Most "chain of thought" was also logically and mathematically accurate when the model
gave the correct answer. Errors tended to improve with increasing model size.

60 |

—
-
-

GSMSK
solve rate (%)
b s

—
—

2

SVAMP
solve rate (%)
e o=

-
-

100 |

~J
o

MAWPS
solve rate (%)
5 ZE

-
—

—e— Standard prompting
—&— Chain-of-thought prompting
~ Prior supervised best

LaMDA GPT Pal.M

04 8 137 04 7 175 8 62 540

Model scale (# parameters 1in billions)



2. Manual CoT Resuits

Findings 4) Robustness

Successful "chain of thought" prompting does not depend on a particular linguistic style. It
was also solid in the order or number of examples.

[0 Standard prompting

O Chain-of-thought prompting

- different annotator (B)

- different annotator (C)

- intentionally concise style

- exemplars from GSMSK (a)
- exemplars from GSMSK (3)
- exemplars from GSMSK ()

20 60 |-

—_—
o

40

—
—
—

20 1

Solve rate (%)

@

0
GSMBK MAWPS

Figure 6: Chain-of-thought prompting
has variance for different prompt exam-
ples (as expected) but outperforms stan-
dard prompting for various annotators as
well as for different exemplars.



Large Language Models are Zero-Shot Reasoners
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3. Zero-Shot CoT Introduction

Remark) Few-shot CoT 0l Al manually task-specific CoT PromptE 4 3 =0, Simple Prompt2 S € 2

Conjecture) Task0ll S25tH HE222Z2 AHEE == U= Magic Trigger PromptJt L= 210|CH

(a) Few-shot

Q/:Roger has 5 tennis balls. He buys 2 more cans of tenh

balls. Each can has 3 tennis balls. How many tennis balls does
he have now?
A: The answeris 11.

Manually £ {8t Reasoning

Path
(b) Few-shot-CoT

ﬁRoger has 5 tennis balls. He buys 2 cans of tennis
balls. Each can has 3 tennis balls. H any tennis balls does
?

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: A juggler can juggle 16 balls. Half of the balls are golf balls,
and half of the golf balls are blue. How many blue golf balls are
there?

A

there?
(C) Zero-shot
there?

Q: A juggler can juggle 16 balls. Half of the balls are golf balls,
A

Q: A juggler can juggle 16 balls. Half of the balls are goif balls,
A: The answer (arabic numerals) is

(Output) The juggler can juggle 16 balls. Half of the balls are golf

balls. So there are 16 / 2 = 8 goif balls. Hslf of the golf balls are
%v So there are 8 /2 = 4 blue golf balls. The answer is 4. .//

The Magic Sentence

(d) Zero-shot-CoT (Ours)

Q: A juggler can juggle 16 balls. Half of the
and half of the golf balls are blue. How
there?

A: Let’s think step by step.

are golf balls,
y blue golf balls are

and half of the golf balls are blue. How many biue golf balls are
(Output) The answeris 8. X

and half of the golf balls are blue. How many blue golf balls are
(Output) 8 X

(Output) There are 16 balls in total. Hslif of the balls are golf
balls. That means that there are 8 golf balls. Half of the golf balls
are blue. That means that there are 4 blue golf balls.




3. Zero-Shot CoT Method

Task0ll 22 35tAH Answer0il “Let’s think step by step”2 F=Jt5t0{ Reasoning pathE &

Pipeline= Reasoning Extraction, Answer Extraction2 =A 2 &I &

[1st prompt] [2nd prompt]
Reasoning Extraction Answer Extraction

/"Q: On average Joe throws 25 punches per 3

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
0’ " *| rounds, Joe throws 5 * 75 = 375 punches. .
Qherefore, the answer (arabic numerals) is /

LLM ]
& / =
: LLM

In one minute, Joe throws 25 punches. 7
In three minutes, Joe throws 3 * 25 = 75 punches. ’G
| 375.

In five rounds, Joe throws 5 * 75 = 375 punches.




3. Zero-Shot CoT Method

[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. Afight 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

G € *| rounds, Joe throws 5 * 75 = 375 punches. .
LLM ', Therefore, the answer (arabic numerals) is
& / =
; LLM
In one minute, Joe throws 25 punches. ’
In three minutes, Joe throws 3 * 25 = 75 punches. % G
In five rounds, Joe throws 5 * 75 = 375 punches. [ 375. ]
1st prompt 2nd prompt
o Q:[X] o [X], [£] [A]
o A:[T] e Z: Generation output at 1st step
e T : Trigger sentence e A: Trigger sentence to extract answer
o SELF-AUGMENTED PROMPT



3. Zero-Shot CoT Resuits

e &l8 1) Reasoning Ability0ll Cist 85 25

o  Commonsense Reasoning, Symbolic Reasoningll M =2/0|8t 8= & 40|

-

F2FE)
=20

g

Table 1: Accuracy comparison of Zero-shot-CoT with Zero-shot on each tasks.

Arithmetic

SingleEq AddSub MultiArith  GSMSK AQUA SVAMP
zero-shot 74.6/78.7 72.2/77.0 17.7/22.7 10.4/12.5 22.4/224 58.8/58.7
zero-shot-cot 78.0/78.7 69.6/74.7 78.7/79 40.7/40.5 1.9 62.1/63.7

Common Sense Other Reasoning Tasks Symbolic Reasoning

Common Strategy Date Shuffled Last Letter  Coin Flip

SenseQA QA Understand Objects (4 words) (4 times)
zero-shot 68.8/72.6 12.7/54.3 49.3/33.6 31.3/29.7 0.2/- 12.8/53.8
zero-shot-cot 64.6/64.0 54.8/52.3 67.5/61.8 52.4/52.9 57.6/- 91.4/87.8




3. Zero-Shot CoT Results

EH AN e &2 O EClH S+ E AMEoS8
able 9: Answer extraction prompts used for Zero-shot experiments in Table 1. C.S.QA : Common-
mQA.DU D.eUndcmmdmg.SO Tracking Shuffied Objects

No Task Zero-Shot (left) Zero-Shot (right)
I SingleEq The answer (arabic numerals) is The answer is

2  AddSub The answer (arabic numerals) i1s The answer 1s

3 MuluAnth The answer (arabic numerals) is The answer is

4 GSMSK The answer (arabic numerals) is The answer is

5 AQUA-RAT Among A through E, the answer is The answer is

6 SVAMP The answer (arabic numerals) is The answer is

7 CSQA Among A through E, the answer is The answer is

8 A The answer (Yes or No) is The answer is

9 DU Among A through F, the answer is The answer is
10 S.0. Among A through C, the answer is The answer is
11  Last Letters The answer is The answer is

12 Coin Flip The answer (Yes or No) is The answer is




3. Zero-Shot CoT Resuits

e 4&&E 2) Model Type, Scalelil & Reasoning Ability 23 & &

o  Model0| HE == Zero-shot-CoT 2} Zero-shot2| &= 40| 42!

® Zero-shot ® Zero-shot-CoT ® Zero-shot m Zero-shot-CoT ® Zero-shot = Zero-shot-CoT
80 80 50
40 40 %
20
20 20 10
0 —h==l='/—.—’—‘ 0 0

03B 13B 6.7B 175B S M L XL 8B 628 540B

(a) MultiArith on Original GPT-3 (b) MultiArith on Instruct GPT-3 (c) GMSSK on PalLM

Figure 3: Model scale study with various types of models. S: text-ada-001, M: text-babbage-001, L:
text-curie-001, XL: text-davinci-002. See Appendix A.3 and E for the detail.



3. Zero-Shot CoT Resuits

e A8 3)Best TemplateS &J| |8t &8
o  Zero-shot2] 850| 17.78 2 2 0t5tH | MisleadingSt PromptE CHSIHEIE 22 R0 A
LIEFE

o  ORAIZF ¢

No. Category Template Accuracy
1 instructive  Let’s think step by step. 78.7
2 First, (*1) 71.3
3 Let’s think about this logically. 74.5
- Let’s solve this problem by splitting it into steps. (*2) 72.2
5 Let’s be realistic and think step by step. 70.8
6 Let’s think like a detective step by step. 70.3
7 Let’s think 57.5
8 Before we dive into the answer, < i
9 The answer is after the proof. 45.7
10 misleading Don’t think. Just feel. 18.8
11 Let’s think step by step but reach an incorrect answer. 18.7
12 Let’s count the number of "a" in the question. 16.7
13 By using the fact that the earth is round, 9.3
14 irrelevant By the way, I found a good restaurant nearby. 17.5
15 Abrakadabra! 15.5
16 It’s a beautiful day. 13.1

- (Zero-shot) | 7 0

rr
Ot
ro
0x
oIr



AUTOMATIC CHAIN OF THOUGHT PROMPTING
IN LARGE LANGUAGE MODELS

Zhuosheng Zhang'; Aston Zhang’, Mu Li*, Alex Smola’
"Shanghai Jiao Tong University, *f Amazon Web Services



4. Auto CoT introduction

e Manual CoT: 2 40| 2& & X2,
FIIE QI effort)} 27 E

Manual Demos One by One
Frmo—-—---o---—-oo----o 0 ¥ - A
'Q: There are 15 trees in the grove. Grove workers will plant |
'trees in the grove today. After they are done, there will be 21 |
| trees. How many trees did the grove workers plant today?
: ¥-Question |
' A: There are 15 trees originally. Then there were 21 trees after |
' some more were planted. So there must have been 21 - 15 = 6.,

. - |
| The answer is 6.¥. ‘Rationale'
L Answer

L Q A pet store had 64 puppies. In one day they sold 28 of them
'and put the rest into cages with 4 in each cage. How many
! cages did they use?

[ LLM ] Test Qt;eslion

The pet store had 64 puppies. They sold 28 of them. So they
had 64 - 28 = 36 puppies left. They put them into cages with 4
in each cage. So they used 36 / 4 = 9 cages. The answer is 9.

(b) Manual-CoT

Auto CoT : Manual CoTHE E&& 4

S2 LIE £ 2

Zero-shot-CoT : Simpled} X2t & 50|
CiA OIS

Q: A pet store had 64 puppies. In one day they sold 28 of
them and put the rest into cages with 4 in each cage.
How many cages did they use?

A: Let's think step by step.

» Rationale Generation
[ LLM ]

A4

Q: A pet store had 64 puppies. In one day they sold 28 of
them and put the rest into cages with 4 in each cage.
How many cages did they use?

A: Let's think step by step. There are 64 puppies. 28 of
them were sold. This leaves 36 pueples Each cage has
4 puppies, so we need 9 cages.

Therefore, the answer (arabic numerals) is

" Answer Extraction
( LLM ]

v

0 ]

(a) Zero-Shot-CoT

= =& Demonstration=2 Automatict )l Generation

But, How to generate good demonstration?



4. Auto CoT introduction

e Two Step approach with “Clustering”

Step 1)
Partition questions of given
dataset into a few clusters.

Step 2)

Select a representative
question from each cluster
&

generate its reading chain
using Zero-Shot-CoT

Auto Demos 'One by One

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

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

4 N\

- Y,
" l N
//"‘—\\ /”O—\\

/ O@O N Clustering Il ® N

I
\ ] oo 1 I
@ O/ ol
\_ = e J
1 T ] Demro-Construction

e o o O otk )
| 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 |
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. :

Q: A chef needs to cook 9 potatoes. He has already cooked 7. If each !
1 potato takes 3 minutes to cook, how long will it take him to cook the rest?
. A: Let's think step by step. The chef has already cooked 7 potatoes. That

: means it has taken him 7 * 3 minutes to cook those 7 potatoes. That means |

, it will take him 3 more minutes to cook each of the remaining 2 potatoes ...

[ Q: While shopping for music online ... A: Let's ... ]

[ Q: A chef needs to cook 9 potatoes ... A: Let's .. ]

: Sampling by Selection Criteria

EQ A pet store had 64 puppies. In one day they sold 28 of them and put
! the rest into cages with 4 in each cage. How many cages did they use? '
i A: Let's think step by step. 0
Test Question In-Context Reasoning

The pet store had 64 puppies. They sold 28 of them. That means they have
36 puppies left. They put the rest into cages with 4 in each cage. That
means they have 9 cages. The answer is 9.

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.



Table 1: Accuracy (%) of different sampling

4. Auto COT Motivation methods. Symbol { indicates using training sets
] with annotated reasoning chains.

Why “Clustering”? Method |MultiArith| GSM8K AQuA
Zero-Shot-CoT 78.7 40.7 335
Manual CoT= 812 KIAIE PromptZ &3S Manual-CoT 91.7 46.9 35.81
e Retrieval-Q-CoT: S& 222 J|BI2Z R ALSt 8J42 Random-Q-CoT 86.2 476t 36.2t
2 S BME (S-BERT I, Similarity 28 & 44) Retrieval-Q-CoT 82.8 48.071 39.7¢%
e Random-Q-CoT:S& 22 J|gt2ox gt 842
AE2S BME (Diversity 28 544) 50
9 -
AE Z, Retrieval-Q-CoTO Al Z2 O &5 M0l 0|20{AS = 401 // i
£0I18t 2= QS. 6t X2, Zero-shotll A ZRE F2E ot= é /
H SO L O I 30 /
|22 s Moz LiEtY /
%

20
Retrieval-Q-CoT Random-Q-CoT
Figure 2: Unresolving Rate.

**S-BERT: 2&= 2|0 J|Et HiEHZ HEthA B2& 2t =

O dl

>

e HlW/BA/2HAHES WEH &€ = UASSE 2=



4. Auto CoT Motivation

Table 2: Examples of Retrieval-Q-CoT and Random-Q-CoT for constructing demonstrations and prediction. The
upper part contains the automatically constructed demonstrations, and the lower part contains test questions along with

predicted reasoning chains.

e Retrieval-Q-CoT: S& 22 J|Bt2 2 S ASH 812 Rotiorm QtoT | Randew Q-Col
Q: A chef needs to cook 9 potatoes. He has already cooked 7. If each | Q: Wendy uploaded 79 pictures to Facebook. She put
XD Eb s HIS H potato takes 3 minutes to cook, how long will it take him to cook | 44 pics into one album and put the rest into 5 different
2EZE BT (S_BERT ol Slmllarlty L EM the rest? albums. How many pictures were in each album?
_ A: Let’s think step by step. The chef has already cooked 7 potatoes. | A: Let’s think step by step. Wendy uploaded 79 pictures
[ J Random-Q-CoT: & g g 22 | Jigtoz i st 8]H o That means it has taken him 7 * 3 minutes to cook those 7 potatoes. | to Facebook. She put 44 pictures into one album. That
That means it will take him 3 more minutes to cook each of the | means she put the rest of the pictures into 5 different
Jél _E_ % %I— A‘H 3:!- (Diversity té} 80‘: %l— /L|H ) ;emair’)ing 2 potatoes. That means it will take him a 1(.11;1] of 7*3+2 albufns. Thz?t means each album would !mve (79-44)/5 =
* 3 = 21 minutes to cook all 9 potatoes. The answer is 21. X 15 pictures in each album. The answer is 15.v
Q: A chef needs to cook 13 potatoes. He has already cooked 5. If | Q: At a restaurant each adult meal costs $5 and kids eat
each potato takes 6 minutes to cook, how long will it take him to | free. If a group of 15 people came in and 8 were kids,
cook the rest? how much would it cost for the group to eat?
s = o — AS A: Let’s think step by step. The chef has already cooked 5 potatoes. | A: Let’s think step by step. There are 8 kids, so that
- o'_I- ’ Case StUdyO‘|I }\—I Retrleval Q-COTJI- al = = Hl — b I A~ O'—I- That means it has 'I)aken hiFl)n 30 minutes so far. There are lSTJotaloes means there are 7‘:1dul!s. Each adult meal costs $5, so
o502 YA in total. 5 have been cooked so far. That means there are 8 left to | that means that the 7 adults will cost $5*7=$35. Now we
T o= =17 Ol‘ o= cook. Each potato takes 6 minutes to cook. That means it will take | just need to add the two numbers together. $35+8=43%.

otet Misleading ExampleS GtLIS] Cluster0fl Ui &IAI&
UCIEH ?

the chef 48 minutes to cook the 8 remaining potatoes. In total. it will
take the chef 78 minutes to cook all 13 potatoes. The answer is 78. X

So it would cost $43 for the group to eat. The answer is
43. X

Q: A chef needs to cook 15 potatoes. He has already cooked 8. If
each potato takes 9 minutes to cook, how long will it take him to
cook the rest?

A: Let’s think step by step. The chef has already cooked 8 potatoes.
That means it has taken him 8 * 9 minutes to cook those 8 potatoes.

That means it will take him 9 minutes to cook each of the remaining
7 potatoes. That means it will take him a total of 8 *9 +7 *9 = 135
minutes to cook all 15 potatoes. The answer is 135. X

Q: A chef needs to cook 15 potatoes. He has already
cooked 8. If each potato takes 9 minutes to cook, how
long will it take him to cook the rest?

A: Let's think step by step. The chef needs to cook 15
potatoes. He has already cooked 8. That means he has to
cook 15-8=7 more potatoes. Each potato takes 9 minutes
to cook. That means it will take him 9*7=63 minutes to
cook the rest of the potatoes. The answer is 63. v




4. Auto CoT Motivation

sampling

Test prompt examples



4. Auto CoT Method

e N
[ Q: While shopping for music online, Zoe bought 3 ... ]

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

N l J
s ST ey A
s Ny / £ N
7O O  Clustering / 8 N

] |
1 @ / o 1 O O I
\® @/ 5 g4
Demo Construction
) 2
[ Q: While shopping for music online ... A: Let's ... ]
: : Sampling by Selection Criteria

[ Q: A chef needs to cook 9 potatoes ... A: Let's ... ]

p.

Auto Demos.One by One

o e, o s O o e )
1 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 |
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.

1 Q: A chef needs to cook 9 potatoes. He has already cooked 7. If each
| potato takes 3 minutes to cook, how long will it take him to cook the rest? '
. Az Let's think step by step. The chef has already cooked 7 potatoes. That
, means it has taken him 7 * 3 minutes to cook those 7 potatoes. That means "
! it will take him 3 more minutes to cook each of the remaining 2 potatoes ...

: A pet store had 64 puppies. In one day they sold 28 of them and put

50

e rest into cages with 4 in each cage. How many cages did they use? |

=
s
o
-~
o
g
-
x
7}
8
@
©
o
<
w
2
@®
"

Test Question LLM

L

The pet store had 64 puppies. They sold 28 of them. That means they have
36 puppies left. They put the rest into cages with 4 in each cage. That
means they have 9 cages. The answer is 9.

In-Context Reasoning

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.



4. Auto CoT Method

Algorithm 1 Cluster

Require: A set of questions Q
demonstrations k
Ensure: Sorted questions g = (@
clusterz (i =1,...,k)
1: procedure CLUS'I‘I«;R(Q, k)
2: for each question g in @ do
3: Encode g by Sentence-BERT
4 Cluster all the encoded question representations into
k clusters
5¢ for each clusteri = 1, ..

and the number of

(1) (i)

sqs 5. ..] for each

Jkdo
(i)

6: Sort questions q(i) 7 q2 ,...] in the
ascending order of the distance to the cluster cenler

7: returnq® (i =1,...,k)

Algorithm 1) Question Clustering
SH:FOHA OOIHA QU 225 20IEEH2Z RAte

d822 |0 MEE Al G¥d s =26
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2)  Test question vector& 2 K-means Algorithm0fl 22 5|0,
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4. Auto CoT Method
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Figure 5: Question clustering on ten datasets of reasoning tasks. Stars denote cluster centers.




4. Auto CoT Method

Algorithm 2) Demonstration Sampling

= H : 2 Cluster0tCt Demonstration [question, rationale,

answer]

1) kIHSl 2 Cluster0ll (Hoh H2E Re 2= q=
2) =8 M0 o TSTES 2AGH0 LLMO
X

:Let’s think step by step
3) LLMZ2 =& A== 4 4stl, 0l EE50A
rationale(S 2t &HH) 3t ==& answerE parsingstCl.
4) F2lAE MEEE q,r,alt demonstration = = 0
gdels2 U3 SHAEHE EMEH0. et

M 2428 W O3S 92

X
a
0
—
Mo
o
fwl
rD
!

Olsetlt.

Rationale : E& €= Bt I &g & U= Reasoning path.

Algorithm 2 Construct

Require: Sorted questions q* = [gi", ¢5”, .. ] for each cluster i
(i=1,...,k), empty demonstration list d
Ensure' Demonstration listd = [d(l’ ..... d™]
. procedure CONSTRUCT(q'", . .. q™)
2: for eachclusteri =1,...,kdo
3: for each question q(i) in q(i) do
4: Generate rationale 1 ) and answer a( *) for q ! using

Zero-Shot- CoT

3 if q i , %alisfy selection criteria then

6: Addd? = [Q: ¢}, A: 7i” 0af?| o d
g & break

8:

return d




4. Auto CoT Method

Algorithm 2) Demonstration Sampling Algorithm 2 Construct
Require: Sorted questions q¥ = [qg‘é).‘qéi)., .. .] for each cluster 7
o XS 4=l demonstration2 ZZ 0| XILIXIH SHL (i =1,...,k), empty demonstration list d
2Xs Ao=2 2G| 95 S2|AE selectionO| Ensure° Demonstration listd = [d(l). s d(k)]
— . procedure CONsTRUCT(q?, . .., q™)
2: for each clusterzi = 1,...,kdo
ol E2 JyA = x 5K LOIoFst : S
a) a2 =2 M=t 60NS ZASHA HOLOFRLE. 5, for each question q( ) in q( ' do
=2 O 27} 5SHE X5HK LOHOFEHT. :
b) Aok AFohXl 2 oroFer L 4: Generate rallonaler ) and answer a( ! for q( *) using

c) rationale-answer OIOIEA 410l A aJt HIOI UK Zero-Shot- CoT

20, MAE rationale OF0l =X ol OF StCH. R lqu y () satisfy selecuon criteria then
. =2 ( ) 6 a®
6: Addd() [Q: ¢\, A: 7" 0af?| o d
¥ & break
8: return d




4. Auto CoT Method

Revisit )

Auto CoT : Manual CoTHE E&& As52 LIEtE == A= E2 Demonstration= AutomaticStHl Generation

But, How to generate good demonstration?

= 2 Demonstration0] ™ 231X & X =25+ 20
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4. Auto CoT Resut

Table 3: Accuracy on ten datasets from three categories of reasoning tasks.

Model Arithmetic Commonsense Symbolic

MultiArith GSM8K AddSub AQuA SingleEq SVAMP CSQA Strategy Letter Coin
Zero-Shot 227 12.5 77.0 224 78.7 58.8 72.6 543 0.2 538
Zero-Shot-CoT 78.7 40.7 74.7 33.5 78.7 63.7 64.6 54.8 576 914
Few-Shot 33.8 15.6 83.3 24.8 82.7 65.7 79.5 65.9 02 3572
Manual-CoT 91:7 46.9 81.3 35.8 86.6 68.9 71335 65.4 590 97.2
Auto-CoT 92.0 47.9 84.8 36.5 87.0 69.5 74.4 65.4 59.7 999

o S ZE2 Reasoningll A Auto-CoTS AS0| S+

alo

e &tX|2 Commonsense Reasoninglil A= Few-shotS A0 0IXIXl R&IUS
o Reasoning path§ Z2 M4t R0 LAS= Error propagation2] 212 A E

e Auto CoTOIA = Reasoning path& Designdt= 20| 01 SR6t0, Task0ll M2t €501 MotE == US



SELF-CONSISTENCY IMPROVES CHAIN OF THOUGHT
REASONING IN LANGUAGE MODELS

Xuezhi Wang'*  Jason Wei! Dale Schuurmans’ Quoc Le' Ed H. Chi'
Sharan Narang! Aakanksha Chowdhery! Denny Zhou'®
'Google Research, Brain Team

j5xuezhiw@google . com, §dennyzhou@google . com



5. Self-ConSiStency Introduction

e Self - Consistency : J|& CoT ZEIXE WA AMELE= greedy decoding 82 UHMd= MEZ2 Cl12Y 8=
o Oldd JIXI CIE AtDYAI0] S8 HBO=Z 0I0E M, =5 80l et &40l O HECD (Ch+Z §£H)

Greedy decode
This means she uses 3 + 4 = 7 eggs every day.
Chain-of-thought m Language She sells the remainder for $2 per egg, soin >
prompting model total she sells 7 * $2 = $14 per day. The answer is $14. ]
The answer is $14.
Self-consistency Sample a diverse set of Marginalize out reasoning paths
reasoning paths - to aggregate final answers

/O: 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=5cars. The answeris 5.

Shehas1 -3 -4 =9eggs
left. So shemakes $2* 9= | The answer is $18.
$18 per day. |

7
™~

7 T
Thismeamsheshesellsthe'
remainder for $2* (16 - 4 - 3) The answer is $26.
|~ $26 per day. !

O Janet's ducks lay % eags per day.
She eats three for breakfast every
morning and bakes muffins for her
friends every day with four. She sells she has 16 - 3 = 13 left. Then 1
the remainder for $2 per egg. How she bakes muffins, so she nswer is $1
much does she make every day? has 13 - 4 = 9 eggs left. So 'Thea e

\ A S _she has 9eggs * $2-818. |

+

7

|
[Sheeats3fotbcealdast.so I




5. Self-Consistency Resu

Findings 1)

e  Arithmetic Reasoning : 2 4JtX| LMOIA CoT ZE =& (Ul AYst 45 &2 ERSLICH. 2L AHLO0| HE S

LM
ds &4 =0l 0 HA= Zets EUSLIO. HE22 BHAT0MAM SoTAEsE 24

e Commonsense / Symbolic Reasoning : = A3, Self-Consistency= 2 LMUA 2 85 42 IIH20, 61
A

EHA 3 = 500 A SoTAZE J|SE&. £6l, Out-of-Distribution (OOD) & &2 A& =2 EHAIUHANE ALY WS 2

MultiAnth SVAMP Commonsense QA ARC {Chzllenge)
-7 BN SN, . €0 e P————
570 — ae 52 I/l-
E’;EE &0 55 /
e , " 00— ———— @
= =0 55 /99 & @ 53 e :
T == / 52 o —®— OreedyDecode (Single-path)
& 50 {‘ 929 6 P —%— Self Consistency (Multi-path)
O 5 10 15 20 25 30 35 40 O 5 10 15 20 25 30 35 40 0 5 10 15 20 :s 30 35 40 O 5 10 15 20 25 30 35 40
#Sampled Reasoning Paths  #Szmpled Reasoning Paths #Sampled Reasoning Paths #Sampled Reasoning Paths

Figure 2: Self-consistency (blue) significantly improves accuracy over CoT-prompting with greedy
decoding (orange) across arithmetic and commonsense reasoning tasks, over LaMDA-137B. Sampling
a higher number of diverse reasoning paths consistently improves reasoning accuracy.



5. Self-Consistency Resu

Findings 2)
o HNEZ AR 9 FE
o HE2XEY2S MEYLSE { U2 X2 FYCZE 20 2 229 LMol 32
o O E2 A4 HIEsS Etetli= 8HAHIE JU, R 22 B2 2 =2 BZ(0: 50 £= 100H)E =g ot=
202 2 OIHS 22 & UUS
- GSM8K MultiArith - ARC (Challenge)
£22 o £ 50
20 570 45
U 18 O B‘ —N
T o 65 T 40
516 560 S e 5 - Self Consistency (Multi-path)
014 o ® Gss S35 8- Sample & Rank (Multi-path)
< 12 < 50 s ~@- Greedy Decode (Single-path)
0 5 10 15 20 25 30 35 40 0 5 10 15 20 25 30 35 40 0 5 10 15 20 25 30 35 40
#Sampled Reasoning Paths #Sampled Reasoning Paths #Sampled Reasoning Paths

Figure 3: Self-consistency significantly outperforms sample-and-rank with the same # of samples.



6. Conclusion

O

e Chain-of-ThoughtE & Zdt= Ml JtX| ZEHES &4 H

e Manual CoT= Question0tCt Prompting= ol Of5t X 2H A S0 &

e Zero-shot-CoT0l M = “Let’s think step by step”0l 2ti= Magic trigger sentenceE FII& 22 M
Demonstration £ Manually &85t X| Z0t& CoTIt IIsE2 2Y

e Manual CoT2t Zero-shot-CoTIt Z & = & E}f 2! Auto CoT= Arithmetic 2t Symbolic reasoning 0l A
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CoT advantage



CoT advantages

4. DJE@,* - %EQI DI Al & & (Fine-tuning)

O ZESZE UAIBHE O =DItotH b2 A

o
It
U0
<u
rr
b
=
-]
Qo
o
=
i
OH
%
i
=
o
[l
4
0
=



Limitations



Hallucination

A1) 18 (Reasoning steps) AtMl= =2l 822 20|LE, S2H0 2 2E At S
JEe 2 FES 0|0t 3R 2& 201 &2 28 0tL| 2t AFZAE
ZotHl £ = US

EE: "Hes A 5HE 71, Gs|= EeEOt 30 B2 AFE 70, Bl= FE|EC 271 HA| 7t
MCHH, Ml AFERO| 71l AfbE & R 7HOF?"

1. 2= 508 7R ELICH
2. YGsl= H4o| 3Hj0|22 5 x 3 = 157HE 7 SLICH.
3. OlAL oI5|HLC} 27 H&9D§|15 — 2 = 12702 713&LIct. |<— Hallucination!

4. WMEEM Ml ARRS| 8f2 5 + 15 + 12 = 3270 Lt



Cost problem

st HEE 25 d4doliOrot2=2 =9 E2 I 23
lE s)t2 S8 sk Motz & Z
— API H] o~ Mot=2 COST

for i in range(1, 101):
if i%$3==0and i%
print("FizzBuzz")
elif i % 3 == 0:
print("Fizz")
elif i %5 == 0:
print("Buzz")
else:

print(i)
SAME ACCURACY




Advanced CoT Methods



Self-Cons

C|— |

istency

O| CoTJt OtLlct

5t = i
Voting)2 ©2 Hots HAO2 229 L0|XE M Hol=s 28

Greedy decode

This means she uses 3 + 4 = 7 eggs every day.
She sells the remainder for $2 per egg, so in

Chain-of-thought Language

J\( The answer is $14. ]

prompting model total she sells 7 * $2 = $14 per day.
The answer is $14.
Self-consistency ﬂ Sample a diverse set of Marginalize out rgasoning paths
N reasoning paths 2 to aggregate final answers

/ If there are 3 cars in the parking \

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?

\A:

Language
model

She has 16 - 3 - 4 = 9 eggs

lot and 2 more cars arrive, how many left. So she makes $2*9 = | The answer is $18.
cars are in the parking lot? $18 per day. I )
A: There are 3 cars in the parking lot ~

i
This means she she sells the

= $26 per day.

1

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

She eats 3 for breakfast, so |
she has 16 - 3 = 13 left. Then |
she bakes muffins, so she
has 13 - 4 = 9 eggs left. So
she has 9 eggs * $2=$18. |

i The answer is $18.

3 / The answer is $18. ]




Tree of Thoughts (ToT)

HSEHOI AL=0] OtLlch O Zeie AdEXIE LIR(Tree)d & O LIDJHH
A Eol1) 98|l M T =01Jt= (Backtracking) & A!

L] R |
i mf
o 5)@

Y Majority vote

&> G @

(a) Input-Output (c) Chain of Thought  (c) Self Consistency

Prompting (10) Prompting (CoT) with CoT (CoT-SC) (d) Tree of Thoughts (ToT)



Tree of Thoughts (ToT)

=X

- reasoning path A
I 23k

=,
- reasoning path B
L 013

L reasoning path C

Tree of Thoughts: Deliberate Problem Solving
with Large Language Models

Shunyu Yao Dian Yu Jeffrey Zhao Izhak Shafran
Princeton University Google DeepMind Google DeepMind Google DeepMind
Thomas L. Griffiths Yuan Cao Karthik Narasimhan
Princeton University Google DeepMind Princeton University
Game of 24 Generate/Prompt tokens Cost per case Success
IO (best of 100) 1.8k / 1.0k $0.13 33%
CoT (best of 100) 6.7k / 2.2k $0.47 49%
ToT 5.5k / 1.4k $0.74 74%

Table 7: Cost analysis on Game of 24.



Least-to-Most Prompting

ot ZME el Hel ¢ 2
Zot= JIE

Stage 1: Decompose Question into Subquestions

Q: It takes Amy 4 minutes to climb to the top

of a slide. It takes her 1 minute to slide down.

The water slide closes in 15 minutes. How
many times can she slide before it closes?

Stage 2: Sequentially Solve Subquestions

slide closes in 15 minutes.

Subquestion 1 ——\Q: How long does each trip take?

/It takes Amy 4 minutes to climb to the top of a
slide. It takes her 1 minute to slide down. The

5

B

a slide. It takes her 1 minute to slide down.
The slide closes in 15 minutes.

Q: How long does each trip take?

A: It takes Amy 4 minutes to climb and 1
minute to slide down. 4 + 1 = 5. So each trip
takes 5 minutes.

Append model
answer to =1 L8
Subquestion 1

Subquestion 2 —- Q: How many times can she slide before it

Q}ses?

ﬁtakes Amy 4 minutes to climb to the top (h

Language
Model

Language
Model

Language
Model

ot 2 Ml (Sub-problems)&

can she slide before it
closes?”, we need to first
solve: “How long does each
trip take?”

A: To solve “How many times

| P

A: It takes Amy 4 minutes to

climb and 1 minute to slide

down. 4 + 1 =5, So each trip

takes 5 minutes.

e )

A: The water slide closes in
15 minutes. Each trip takes
minutes. So Amy can slide
15 + 5 = 3 times before it
closes.

5

| T——

H

A

=
—

ol

rot

4n



Least-to-Most Prompting

Q: “think, machine”

Q: “think, machine”

A: The last letter of “think” is “k”. The last letter of “machine” is “e”. Concatenating “k”, “e” leads ~ A: The last letter of “think” is “k”. The last letter of “machine” is “e”. Concatenating “k”, “e” leads

to “ke”. So, “think, machine” outputs “ke”.

Q: “think, machine, learning”

to “ke”. So, “think, machine” outputs “ke”.

Q: “think, machine, learning”

A: “think, machine” outputs “ke”. The last letter of “learning” is “g”. Concatenating “ke”, “g”  A: The last letter of “think” is “k”. The last letter of “machine” is “e”. The last letter of “learning”

leads to “keg”. So, “think, machine, learning” outputs “keg”.

is “g”. Concatenating “k”, “e”, “g” leads to “keg”. So, “think, machine, learning” outputs “keg”.

Z}) least—tc nost prompting (%) Chain-of hought

Zhou, D., Scharli, N., Hou, L., Wei, J., Scales, N., Wang, X,, ... & Chi, E. (2022). Least-to-most prompting enables
complex reasoning in large language models.

Method

Non-football (DROP) Football (DROP) GSM8K

Zero-Shot
Standard prompting
Chain-of-Thought
Least-to-Most

43.86 31.77 16.38
58.78 62.73 17.06
74.77 59.56 60.87
82.45 73.42 62.39




o

ReAct (Reasoning + Action) Thought: BRE Fwa Xofof

Action: Wikipedia Z
f

) o Observation: Z2
CoTE 2|8 #isu Z& st gl Thought: MEE =3

o
Answer: %Z& &

REACT: SYNERGIZING REASONING AND ACTING IN
LANGUAGE MODELS

Shunyu Yao*!,J effrey Zhao?, Dian Yu?, Nan Du?, Izhak Shafran?, Karthik Narasimhan!, Yuan Cao?

IDepartment of Computer Science, Princeton University
2Google Research, Brain team
I{shunyuy, karthikn}@princeton.edu
2{jeffreyzhao,dianyu,dunan,izhak,yuancao}@google.com



ReAct (Reasoning + Action)

(

e L (1) Hotspot QA } R

Question: Aside from the Apple Remote, what other device
can control the program Apple Remote was originally

designed to interact with?
N J

(————{ (la) Standard } N 7 [ (1c) Act-Only }———————\

Answer: iPod )( Act 1: Search[Apple Remote]
3 J, Obs 1: The Apple Remote is a

remote control ..
({ (1b) CoT (Reason Only) ]\

Thought: Let's think step

Act 2: Search[Front Row]
Obs 2: Could not find [Front

Row]. Similar:

Act 3: Search[Front Row
(software) ]

Obs 3: Front Row is a

o
=
7]
t
([0}
'O

- So the answer is

7 { (1d) ReAct (Reason + Act) }

Thought 1: I need to search Apple Remote and find the

program it was originally designed to interact with.

Act 1: Search[Apple Remote]

Obs 1: The Apple Remote is a remote control introduced in

October 2005 by Apple .. originally designed to control the
program ..

Thought 2: Apple Remote was originally designed to control

the Front Row media center program. I need to search

- next and find what other device can control it.

Act 2: Search[Front Row]

Obs 2: Could not find [Front Row].

Seat to Earth',
Y sl

Similar: ['Front Row

'Front Row Motorsports','

Thought 3: Front Row is not found. I need to search -

Act 3: Search]| ]
Obs 3: Front Row is a discontinued media center software ..

iPhone, iPad, and iPod discontinued media center Thought 4:
_ . ) keyboard function keys.
Answer: iPhone, iPad, iPod Act 4: Finish ([l x Act 4: Finish]| ] J
\_Touch L Y L J




ReAct (Reasoning + Action)

Thought 1
Thought 3
Apple Remote7} Ofil Z2I2n} ASXtEsH=x| Aofof $iTt, @)
Front Row softwareZ ZAs{of sict.
Action 1
Action 3
Search[Apple Remote] @)

Search[Front Row (software)]

Observation .
Observation

Apple Remote - Front Row media center program
PP v * prog @ Front Row is controlled by Apple Remote or keyboard function keys
Thought 2 Thought 4

Front Row?t FIQIX| 3totoF Bict. @) Front Rows Apple Remote T keyboard function keys2 RIO{EICt,
Action 2 Final

Search[Front Row] @) Answer: keyboard function keys
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CoT applications in multiple situations






1. 82 SFUHAHE 2AAMEE XI& (High-Stakes

Reasoning)

NESSIE w_ M220L0 A2 A2
. 92 RekgEx

. HE Xo 9oy 24
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2 HE HWE XZ271L/Ct. of2l &f2ho] HRIFEE B 9{RtelX| HAER =2|F TN}

g2 A LI =2 O[HIE HXA HHE flo FEALS| 0| WAt FHIE HE St X2|1E X<

of LIMX|S ZH|0|X|0f] SXIRASLICEH Bl AHM S2|= #X| SUSLICH.

Arxl =xf
1. ol HEIL7ieI el Holof Hetst=X| 2Lt
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Oz &MtH Y IId 44

"ofzlf etxtel ZHE HIE e E **I7tsd U= AetSE AEtiE FZ(Differential Diagnosis)**
ol EM2.

SIXL R 45N N, URARIR Tk £5, E50| 9 o2 T, Al Sht,

¢

Let's think step by step:

o X, 7HY Aol X|EH! e

(eiz ZahRE ZESHR.
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EHE(Standard): "S5E X7t ZetE H{H0||A] 7HE O] LIEILHE XAt KIHE &h= THoM FEE W
CoT ZEZE(Advanced):

"G L &9l K7 Bl 245 = €112|5S A6 FMIQ. TS BAIE 71X Atél FA(:

1. HIOJE| 3= MEL;
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3. MelslE W= 3 [EE (EdTech)
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CoT applications in LLM



Internalized Reasoning

CoToi| chat 2EHF

HdZ2 D (chatGPT2 o1 2

MW RO
Kk =

10
Rl

(Thinking...)'0l2t= & EH 2 H A

E2 Y|, hallucination sS4, 22t 120/ CoT



Self-Correction & Verification
AlD} KHAIO] W ©0] =X AAR HES [ CoT2 AR

Step-by-Step Verification: 2! 2= % & Al= UIREE2Z "ML H
=cld2z 2HI SH=X"CoT HACZ &t =X HE, Ot S22 2=2
LAHAGIH AAZ AID B2E 8060 25 €2 = 8.

Self-Consistency: S 2/ St S M0l CHoll O] JH2l At At=2 A S S, D
LIUE ZES HEHSIH EHO A2 ™

_ —~
Al RESPONSE GENERATION
Start Al
Response

br LM

JUDGE
Eval

EVALUATION
LLM as Judge
luates



Today’s CoT usability

Tool-augmented CoT : LLMO| CoTZ&
reasoning= ot 1) ZRotH 2f &ERE
S

Prompt — Reasoning generation(CoT)
— Multiple reasoning — Consistency
check — Tool usage — Answer

Thought: #H4H0| ZQ3ICE
Action: calculator
Observation: Zz} &l
Thought: & =&

gsoz

W) CoT AEt reasoning 444
& 042{ reasoning path 44
& self-consistency

& tool At



CoT application summary
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