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Two systems in our mind NPT

PEKING UNIVERSITY

« System-l| (fast system) tasks can be done quickly and intuitively by humans

= E.g., sentiment analysis; topic classification

1T.RAZ (RF1) : XB—MRE. By, EREXERNEZIRE, EARAERRNAREF
W, MMRBME. AR, SEXERQDMOTLERE . RAGEHMIR. LUMRERE, BRET
A e EINIRENEIR.

« System-ll (slow system) tasks require slow and deliberate thinking

= E.g., logical, mathematical, and commonsense reasoning

2. 8BRS (RH2) : XB—NBE, BH1E. FEETSHNEZ IR, EXRIERINTENIR
R, MAFREFO)WAMEEEIVRER, BRAFEIMETERTHIBE, BEBLERRL A HETER
iR, BENIEFTREZEHEE,
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LLM performs well for fast-system tasks
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When model size gets larger, performances on fast systems get significantly better

Solve rate (%)

LaMDA: PaLM:;
standard prompting standard prompting

* chain of thought prompting * chain of thought prompting
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Figure 2. When scaling up the model already facilitates good
performance, chain of thought prompting does as well or better.
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LLM performs badly for slow-system tasks

When model size gets larger, performances on slow systems improve slowly

Center of Machine Learning Research

LaMDA: PaLM:
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Figure 3. Employing chain of thought enables language models to
solve challenging math word problems for which standard prompt-
ing has a mostly flat scaling curve.
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Chain of thoughts can help slow-system tasks ez )Y
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Standard prompting Chain of thought prompting
f Input: & Roger has 5 tennis balls. He buys 2 more canh f ~ Q: Roger has 5 tennis balls. He buys 2 more carh
P of tennis balls. Each can has 3 tennis balls. How Input: of tennis balls. Each can has 3 tennis balls. How
many tennis balls does he have now? many tennis balls does he have now?
A: The answer is 11. A: Roger started with 5 balls. 2 cans of 3 tennis
res balls each is 6 tennis balls. 5 + 6 = 11. The answer
Q: John takes care of 10 dogs. Each dog takes .5 is 11.

hours a day to walk and take care of their

business. How many hours a week does he ] e
spend taking care of dogs? Q: John takes care of 10 dogs. Each dog takes

A .5 hours a day to walk and take care of their
: business. How many hours a week does he

spend taking care of dogs?
Model  he answer is 50. X AF') g g
\output: J :
Model John takes care of 10 dogs. Each dog takes .5

hours a day to walk and take care of their
business. So that is 10 x .5 = 5 hours a day. 5
hours a day x 7 days a week = 35 hours a week.

\ The answer is 35 hours a week. 4/ /

output:

Center of Machine Learning Research <6>



What is chain of thought (CoT)?

FSSIGN »
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Definition: a coherent series of short sentences that lead to the answer for a reasoning problem

Prompt with COT will mimic the reasoning process of humans

Humans typically decompose the problem into intermediate
steps and solve each before giving the final answer 6 X 724

7 2 4
X4 1 - 6
2 3 4 4

Center of Machine Learning Research <7>



Why is CoT useful?
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Allow models to decompose multi-step problems into intermediate steps, which means that
additional computation can be allocated to problems that require more reasoning steps

Instruct LLM on how it might have arrived at a particular answer

Allow LLM to solve any slow-system problem which can be expressed by human language

Center of Machine Learning Research <8>



How to write CoT?

Math reasoning

Center of Machine Learning Research

Table 20. Few-shot exemplars for full chain of thought prompt for
math word problems. This set of exemplars was used for all math
word problem datasets.

PROMPT FOR MATH WORD PROBLEMS

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?

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.

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 originally 3 cars. 2 more cars arrive. 3 + 2 =5.

The answer is 5.

Q: Leah had 32 chocolates and her sister had 42. If they ate
35, how many pieces do they have left in total?

A: Originally, Leah had 32 chocolates. Her sister had 42. So in
total they had 32 + 42 = 74. After eating 35, they had 74 - 35 =
39. The answer is 39.

Q: Jason had 20 lollipops. He gave Denny some lollipops.
Now Jason has 12 lollipops. How many lollipops did Jason
give to Denny?

A: Jason started with 20 lollipops. Then he had 12 after giving
some to Denny. So he gave Denny 20 - 12 = 8. The answer is
8.
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How to write CoT?

Symbolic reasoning

Center of Machine Learning Research

Table 4. Few-shot exemplars for chain of thought prompting for
symbolic reasoning datasets. Chains of thought are highlighted.
Exact prompts with all exemplars are shown in Table 21-Table 23
in the Appendix.

LAST LETTER CONCATENATION

Q: Take the last letters of the words in "Elon Musk" and con-
catenate them.

A: The last letter of “Elon” is “n”. The last letter of “Musk” is
“k”. Concatenating them is “nk”. So the answer is nk.

REVERSE LIST
Q: Reverse the sequence "glasses, pen, alarm, license”.

A: First is glasses. Second is pen. Third is alarm. Fourth is
license. Now to reverse, change the order to: Fourth is license.

Third is alarm. Second is pen. First is glasses. So the answer is
"license, alarm, pen, glasses".

CoiIN FLiP
Q: A coin is heads up. Maybelle flips the coin. Shalonda does
not flip the coin. Is the coin still heads up?

A: The coin was flipped by Maybelle. So the coin was flipped
I time, which is an odd number. The coin started heads up, so

after an odd number of flips, it will be tails up. So the answer
1S no.
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How to write CoT?

Common sense reasoning

Center of Machine Learning Research

Table 5. Few-shot exemplars for chain of thought prompting for
commonsense reasoning datasets. Chains of thought are high-
lighted. Exact prompts with all exemplars are shown in Table 24—
Table 27 in the Appendix.

COMMONSENSEQA

Q: Sammy wanted to go to where the people were. Where
might he go?

Options:  (a) race track (b) populated areas (c) desert
(d) apartment (e) roadblock

A: The answer must be a place with a lot of people. Race tracks,
desert, apartments, and roadblocks don’t have a lot of people,
but populated areas do. So the answer is (b).

STRATEGYQA

Q: Yes or no: Could a llama birth twice during War in Vietnam
(1945-46)?

A: The War in Vietnam was 6 months. The gestation period
for a llama is 11 months. So a llama could not give birth twice
during the War in Vietnam. So the answer is no.

DATE UNDERSTANDING

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?

A: One day after 06/01/1943 is 06/02/1943, so today is

06/02/1943. 10 days before today is 05/23/1943. So the an-
swer is 05/23/1943.
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CoT performance

LaMDA: PaLM:
standard prompting standard prompting
* chain of thought prompting * chain of thought prompting
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Figure 2. When scaling up the model already facilitates good
performance, chain of thought prompting does as well or better.
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Figure 3. Employing chain of thought enables language models to
solve challenging math word problems for which standard prompt-
ing has a mostly flat scaling curve.
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Ablation study NEBE
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Table 3. Ablation study for different variants of chain of thought,
using LaMDA 137B and PalLM 540B.

GSMBK acc. (%)
LaMDA PalLM

Standard prompting 6.3 17.9
Chain of thought prompting 14.8 56.5
Ablations:
Equation only 5.7 217
Variable compute only 6.0 177
Thought after answer 59 18.0

Equations, sentence description, and order are all important to CoT

Center of Machine Learning Research <13>
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Robustness of CoT

@ Standard prompting
Chain of thought prompting:
*Annotators A, B,and C

Concise style
X Different set of exemplars

MultiArith: A BC
® X P W
0 20 40 60
GSMS8K: A B C
® ) .0 0.0 ¢
0 5 10 15 20
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Zero-shot CoT: Let’s think step by step

(a) Few-shot

ﬁoger has 5 tennis balls. He buys 2 more cans of teh

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

Constructing CoT is painful. Can we have Zero-shot CoT? Yes!

(b) Few-shot-CoT

ﬁ 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: 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:

(Output) The answer is 8. X

N /

(c) Zero-shot

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: 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 golf balls. Half of the golf balls are
blue. So there are 8/ 2 = 4 blue golf balls. The answer is 4. //

(d) Zero-shot-CoT (Ours)

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: Let’s think step by step.

(Output) 8 X

(Output) There are 16 balls in total. Half of the balls are goif
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. +

[Large Language Models are Zero-Shot Reasoners, NeurlPS 2022]

Center of Machine Learning Research
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Zero-shot CoT: Let’s think step by step
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Arithmetic

SingleEq AddSub MultiArith GSM8K AQUA SVAMP
zero-shot 74.6/78.7 72.2/77.0 17.7/22.7 10.4/12.5 22.4/22.4 58.8/58.7
zero-shot-cot 78.0/78.7 69.6/74.7 78.7/79.3 40.7/40.5 33.5/31.9 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

Center of Machine Learning Research
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Zero-shot CoT: Let’s think step by step T PE

3 PEKING UNIVERSITY

MultiArith  GSMB8K

Zero-Shot 17.7 10.4
Few-Shot (2 samples) 33.7 15.6
Few-Shot (8 samples) 33.8 15.6
Zero-Shot-CoT 78.7 40.7
Few-Shot-CoT (2 samples) 84.8 41.3
Few-Shot-CoT (4 samples : First) (*1) 89.2 -
Few-Shot-CoT (4 samples : Second) (*1) 90.5 -
Few-Shot-CoT (8 samples) 93.0 48.7
Zero-Plus-Few-Shot-CoT (8 samples) (*2) 92.8 51.5

Center of Machine Learning Research <17 >



Zero-shot CoT: Let’s think step by step ez XY
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From 17.7% to 78.7% From 10.4% to 40.7%

® Zero-shot ® Zero-shot-CoT ® Zero-shot ®m Zero-shot-CoT ® Zero-shot ® Zero-shot-CoT
80 80 50
60 60 40
40 40 o
20
20 20 10
0 —a—= -4: . —_ 0

03B 1.3B 6.7B 175B S M L XL 8B 62B 540B

(a) MultiArith on Original GPT-3  (b) MultiArith on Instruct GPT-3 (c) GMS8K on PaLM

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.

Center of Machine Learning Research <18 >



Zero-shot CoT: Let’s think step by step T PE
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A Shane Gu @shaneguML - 2h
a Replying to @ericjang11 and @mrdrozdov
Unreal Engine trick also inspired the impact of “let’s think step by step”,
i.e. “just ask for reasoning”

Q n Q s w

Riley Goodside @goodside - 7h
Replying to @val_kharvd

“Let’s think step by step” should be the start of the answer, not a suffix to
the question. It has to look like whoever’s answering said it.

Q 1 n v, a0

Ziple @Ziple8 - 19h
Replying to @NaveenGRao
| have been using the "let's think step by step" with my colleagues since it

showed beneficial in ML, and oh boy it seems to work very well with
humans too.

Q n Q 1 o

Peter Wildeford @peterwildeford - 21h
Replying to @daniel_eth

chain of thought prompting / "let's think step by step"? | don't know how
long that was possible before it was discovered. Does it depend on
InstructGPT? | think we always knew prompts mattered but this seemed

Center of Machine Learning Research <19 >



Auto CoT

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.

l Rationale Generation

LLM )
'

GA pet store had 64 puppies. In one day they sold 280?
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
L um |
.
[ 9. ]

(a) Zero-Shot-CoT

Manual Demos One by One

'trees in the grove today. After they are done, there will be 21 |
'trees. How many trees did the grove workers plant today? l
' ¥-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.% s Ratlonale'

__________________________________________________

\ 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

\
'Q There are 15 trees in the grove. Grove workers will plant |

' cages did they use?
: A:
g==-w-eeeeemmmeme—————- TTTTTITYTELTTTTPITL g===2Y
Y E
[ LLM ] Test Question
.

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

v

Generated automatically

Auto Demos One byfOne

¢
, Q: While shopping for music online, Zoe Jfought 3] country albums and 5
, pop albums. Each album came with a
! many songs did Zoe buy total?

! A: Let’s think step by step. Zoe bought 2 country

' songs. So she bought 3*3=9 songs from the counfry albums. Zoe bought 5 |
' pop albums. Each album has 3 songs. So she bpught 5*3=15 songs from |
' the pop albums. Zoe bought 9+15=24 songs in tofal. The answer is 24. :

Q: A chef needs to cook 9 potatoes. He has falready cooked 7. If each |

potato takes 3 minutes to cook, how long will it tgke him to cook the rest?

; Az Let’s think step by step. The chef has al 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
e rest mlo cages with 4 in each cage. How many cages did they use?

50

Test Qbestion

In-Context Reasoning

36 puppies left. They put the rest into cages with 4 in each cage. That
means they have 9 cages. The answer is 9.

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

(c) Auto-CoT

[AUTOMATIC CHAIN OF THOUGHT PROMPTING IN LARGE LANGUAGE MODELS]

Center of Machine Learning Research
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Auto CoT
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 22.7 12.5 77.0 224 78.7 58.8 72.6 54.3 02 538
Zero-Shot-CoT 78.7 40.7 74.7 335 78.7 63.7 64.6 548 57.6 914
Few-Shot 33.8 15.6 83.3 248 82.7 65.7 79.5 65.9 02 572
Manual-CoT 91.7 46.9 81.3 35.8 86.6 68.9 73.5 654 590 972
Auto-CoT 92.0 47.9 84.8 36.5 87.0 69.5 74.4 654 59.7 999

Center of Machine Learning Research
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CoT with self-consistency

: : : ] , Input
A complex reasoning problem typically admits multiple different
ways of thinking leading to its unique correct answer
. : .
CoT with SC first samples a diverse set of reasoning paths S R
instead of only taking the greedy one, and then selects the L] ]
most consistent answer ! ! !
T ST,
G J> GV
: -_ _ij}j-:nit-,' vote
[SELF-CONSISTENCY IMPROVES CHAIN OF THOUGHT REASONING IN Output

LANGUAGE MODELS, ICLR 2023]

(c) Self Consistency

with CoT (CoT-SC)

Center of Machine Learning Research <22>



CoT with self-consistency

Self-consistency

fo: 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

Language
model

much does she make every day?

Q:

the remainder for $2 per egg. How

Center of Machine Learning Research

Sample a diverse set of
reasoning paths

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

ez XY

PEKING UNIVERSITY

SETN
& 9
S 8
8 -
o ~
& '~

I598

Marginalize out reasoning paths
to aggregate final answers

o |

| The answer is $18.
! Y,

s

This means she she sells the
remainder for $2 * (16 - 4 - 3)
= $26 per day.

1 =

The answer is $26.

She eats 3 for breakfast, so

she bakes muffins, so she
has 13 - 4 = 9 eggs left. So
she has 9 eggs * $2 = $18.

she has 16 - 3 = 13 left. Then |

>,
1 E

! The answer is $18.

4
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CoT with self-consistency NPT
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MultiArith i SVAMP Commonsense QA ARC (Challenge)
—~ 75 — T —X | 60 3 —=
e 51 62
£ 70 28 58
65 45 60 56 -- o
€60 42 58 @ e 54
355 39 & @ 52 —@— Greedy Decode (Single-path)
& 50 ® ® 36 36 50 —3— Self Consistency (Multi-path)

33
0 5 10 15 20 25 30 35 40 0 5 10 15 20 25 30 35 40 0 S 10 15 20 25 30 35 40 0.5 1031520 25°30:35 40
#Sampled Reasoning Paths #Sampled 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.

Center of Machine Learning Research <24 >



Tree of Thoughts (ToT) ANEEES
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A genuine problem-solving process involves the repeated use of available informa-
tion to initiate exploration, which discloses, in turn, more information until a way
to attain the solution is finally discovered. Newell et al. [21]

¥ Majority vote

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

Prompting (I0)  Prompting (CoT) ~ with CoT (CoT-SC) (d) Tree of Thoughts (ToT)

[Tree of Thoughts: Deliberate Problem Solving with Large Language Models, NeurlPS 2023]

Center of Machine Learning Research <25>



Tree of Thoughts (ToT)
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O chain of thoughts # tree of thoughtskIX ZI7EMIE?

@ “Chain of Thoughts” (B.25&) F"Tree of Thoughts” (BEZH) SR FEMNEAERNTE, SIIER
R, BRI THRIB GRS,

1. Chain of Thoughts (BZ%%) :
. BEBBEEIE—MAMY . EENBATE, HheMEERELBERTH— MEENLR,
o FMBRIBEBENMELY, SISBHRBTI— 58, FR—5HE,
. BRI EEATRABLESE S RIS ERITaE,
2. Tree of Thoughts (BZ#H]) :
. BERNS—MOTRNBLER, EM—IFOSTHA, RS ZHS NIRRT,
o SMERBHRENSHY, AENS M EERBERRARITRRATE., Fail and Trial!
- BEWERTHLESEMEL. RESHTENNEELES M ESNDE,

BEo, BERBNETSEMESY, MESNUENETRRMNSHY, EHLAS, RIEEHN0 Search, Search, Research!
MRFIBR, PIEEE B B ERARRE,

G & B &

Center of Machine Learning Research < 26>



Tree of Thoughts (ToT)

Center of Machine Learning Research

)0

LT TIRRIERS, NAEBERMEBESWNNERIIE.

G, EEMNU—T SEeITIRERG, KEREBEEHNDTEMNNA.
6. A—TIHREHELIZE HEE

1. BZEH (Chain of Thoughts) i372: a. THE ™M BT, EEETHMAEHENER. Binmhizi

REMB. b. WE FBR: REFREBLRMNTHEML, BE SNEERR, FINRESREAMEE.
SR mEFEMRREESHRSE. c SIEME: EF &8, HBAFEMELIR, XAEaER
FHET. ARTHZMNOS, d FIENNT: —BRISHE, BESENSIENE, BiEHR. RElE
HIBIME. e RMHAHE: &E, [ ERBEBIFENGEAEFTE L, HWEBR#THE, NEHRFE
RO S iERNIR KR

. BEWN (Tree of Thoughts) iI%2: a. T m: SRBZWEE, BAEETHERISaMBirT

%, b. SIERR: BBAFFEHITARNE, MARIBEMASREMSTEIR. FlA, FIERERRERIN
FET. AR, BRMMWEXAE, c. MEMITE: RFEME. HEMHZEMSFEAR, WEITHTHE
MIHE, EESTEERNEE. d SIENHIT: SBEWEE, EASIENER, BEENEITELN
SIRRREAR. e RBHIHE: &E, B SRMIRGFE L, FNEMR#TITHE.

B2, BRI EeIRERP, BERIETSENELEY, STPREBZRETI—TLRNER. M2
WNERRARRMNZHENE, BIXMRNBNCITRE, NS THERRATENEIE, RERELIREREITH
EFITHE,
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Tree of Thoughts (ToT)

Tree of Thoughts (ToT)

Center of Machine Learning Research
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Algorithm 1 ToT-BFS(z, ps, G, k,V, T, b) Algorithm 2 ToT-DFS(s, t, pg, G, k, V, T, vs3)

Require: Input z, LM pg, thought generator G()Require: Current state s, step ¢, LM py, thought
& size limit k, states evaluator V'(), step limit 7',  generator G() and size limit &, states evaluator

breadth limit b. V (), step limit 7", threshold vy,
So + {z} if ¢ > T then record output G(py, s, 1)
fort=1,---,T do end if
S; < {[s,2] | s € Si—1,2 € G(pg,s,k)} for s’ € G(py,s,k) do > sorted candidates
Vi < V(pe, S) if V(po, {s'})(s) > vihres then > pruning
St « argmaxgcs;,|s|=b Y _scs Vi(S) DFS(s',t + 1)
end for end if
return G (pg, arg max,e s, Vr(s),1) end for
Breadth First Search Depth First Search
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Tree of Thoughts (ToT)

4.1 Game of 24

Game of 24 is a mathematical reasoning challenge, where the goal is to use 4 numbers and basic
arithmetic operations (+-*/) to obtain 24. For example, given input “4 9 10 13, a solution output

could be “(10 - 4) * (13 - 9) =24".

Input 491013 (
- - (a) Propose Prompt
| /1\‘ 1 * )

X ‘
= - Rl bt Input: 491013
...... 10-4=6 : Hcf:m]] o : Possible next steps:
13-6-7 13-9:4 . \ \ (b) Value Prompt
(lefe79) Evaluate if given numbers can
,,/ll\‘ reach 24 (sure/likely/impossible)
1014:10 +14 = 24. sure

101313

Center of Machine Learning Research

Thought Generation )

4+9=13(left 1013 13)

| 10-4=6(left:6913)

)
)

Thought Evaluation

A

(13-10)*13=3*13=39

10 +13 +13 = 36 There is no way
to obtain 24 with these big
numbers. impossible

NI
cL @
& %
~ e
> )

l592

ez XY

Method Success
IO prompt 7.3%
CoT prompt 4.0%
CoT-SC k=100) 9.0%
ToT (ours) (b=1) 45%
ToT (ours) (b=5) 74 %
IO + Refine k=100 27%
IO (best of 100) 33%
CoT (best of 100) 49%

Table 2: Game of 24 Results.
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558 PEKING UNIVERSITY

Write a coherent passage of 4 short paragraphs. The end sentence of each paragraph must be: 1. Itisn't

(a) difficult to do a handstand if you just stand on your hands. 2. It caught him off guard that space smelled of
Input seared steak. 3. When she didn't like a guy who was trying to pick her up, she started using sign language. 4.
-————————— Each person who knows you has a different perception of who you are.
: Input I Plan1 Plan 2 , Plan3-5
1 I b) 1. Introduce and explain the technique 1. Introduction to an unusual self-help book,
1 ‘/l\‘ I ( of doing a handstand 2. Switch to a mentioning a handstand as a metaphor for
1 I Plans story about an astronaut’s first time in embracing challenges. 2. Discuss the unexpected -
1Pan1 Plan2 ... I space 3. Describe a situation where a things learned from astronauts, including the smell of 2.
b - - - - — - ] woman uses sign language to avoid space. 3. Describe a woman's clever tactic for avoiding i
/I\ unwanted attention 4. The final unwanted attention at a bar. 4. Contemplate how
paragraph explains how everyone has different perceptions of oneself can shape one's | -
Passage Passage different perceptions of others identity. 2
----- L F ) £ 7
1 2 0/5 votes t 3/5 votes n/5 votes
(C) Analyzing each choice in detail: Choice 1, while incorporating the required end sentences, seems to lack a
Votes clear connection between the paragraphs | ..} Choice 2 offers an interesting perspective by using the

required end sentences to present a self-help book's content. It connects the paragraphs with the theme of
self-improvement and embracing challenges, making for a coherent passage. || The best choice is 2.

Creative writing
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Tree of Thoughts (ToT)

tasks | InputClues  (a (f7 =
motor | (¢ a [ DFS
N
_____ N Thought Proposals rciar
- Sufen h2.motor ha. salon (sure) aggregate | hd. salon
1 Gourd 1 Sensitveplant | =} = === = V5. Srdry ([ow) h3 grand
4 Table-shaped hill 2 Spoken 3
7 Administr;ion 3 Cosy retreat o= - —— — — i v3. string (hlgh) v3. stnng
ing wi e Golden Toucl 4 Bishop's high headdress §
]80 ES: th the Golden Touch : Flighﬂissbgird h‘].tasks {4 ... 1 | e
11 Sacrificial table 6

e : |
Higher in standing l ( b)
State Evaluator (over each clue)
]

12 Knight's title 9 Sudden forward movement

14 God of love 13 Chant I

17 Insects 15 Slope between levels (backtrack)

19 Specialized skill 16 Running water — L — i "

s e i [ r 1 v3. Pretentious; flowery: _____ sure

arge cupola 21 Periods of time
S —— gaidac i | h3.grand | h4.salon II D V1. To heap:tm_s_ ' ' impossible
I * T;m@e pzned_]' l

v5. Desiccator; more dry: sr_n_  maybe

Mini-Crosswords

Center of Machine Learning Research <31>



Graph of Thoughts NP

PEKING UNIVERSITY

Aggregating
chains
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What’s next?
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