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Chain-of-Thought and Thinking-Step-by-Step

12 total:69

(a) Few-shot

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: 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:

(b) Few-shot-CoT

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: 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

(c) Zero-shot

(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. v

(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: The answer (arabic numerals) is

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 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. v

Kojima et al., Large Language Models are Zero-Shot Reasoners, arXiv:2205.11916v4, 2023
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Self-consistency improves CoT

Greedy decode

Chain-(?f-thought Language
prompting model

This means she uses 3 + 4 = 7 eggs every day.
She sells the remainder for $2 per egg, so in
total she sells 7 * $2 = $14 per day.

The answer is $14.

The answer is $14.

Self-consistency

Marginalize out reasoning paths

Sample a diverse set of €
to aggregate final answers

reasoning paths

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="5cars. 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

l
She eats 3 for breakfast, so |

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

T
This means she she sells the
remainder for $2 * (16 - 4 - 3)  The answer is $26.
= $26 per day. 1
1

The answer is $18.

she has 16 - 3 = 13 left. Then |

she bakes muffins, so she 1 The answer is $18.
has 13 - 4 = 9 eggs left. So

she has 9 eggs * $2 = $18.

Figure 1: The self-consistency method contains three steps: (1) prompt a language model using
chain-of-thought (CoT) prompting; (2) replace the “greedy decode” in CoT prompting by sampling
from the language model’s decoder to generate a diverse set of reasoning paths; and (3) marginalize
out the reasoning paths and aggregate by choosing the most consistent answer in the final answer set

Wang et al., Self-Consistency Improves Chain Of Thought Reasoning In Language Models, arXiv:2203.11171v4, 2022
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Progressive-Hint Prompting improves CoT

Base Prompting

r(1: There are 96 fourth-graders at Small Tree School. 43 of A

them are girls. On Friday, 5 fourth-grade girls and 4 fourth-
grade boys were absent. How many fourth grade boys were

iday?
\ 3t Small Tree School on Friday? )

Progressive-Hint Prompting

(Q: There are 96 fourth-graders at Small Tree School. 43 of A
them are girls. On Friday, 5 fourth-grade girls and 4 fourth-
grade boys were absent. How many fourth grade boys were
at Small Tree School on Friday? (Hint: The answer is near

\_to 58). )

Progressive-Hint Prompting
(" Q: There are 96 fourth-graders at Small Tree School. 43 of )
them are girls. On Friday, 5 fourth-grade girls and 4 fourth-
grade boys were absent. How many fourth grade boys were
at Small Tree School on Friday? (Hint: The answer is near

\_to 58, 48). J

Progressive-Hint Prompting

(" Q: There are 96 fourth-graders at Small Tree School. 43 of )
them are girls. On Friday, 5 fourth-grade girls and 4 fourth-
grade boys were absent. How many fourth grade boys were
at Small Tree School on Friday? (Hint: The answer is near

\_to 58, 48, 49). J

Base
Answer

—
Second

Answer

—
Third

Answer

—>
Fourth

Answer

A: There were 96 fourth-graders at Small Tree School. 43 of
them were girls. On Friday, 5 girls and 4 boys were absent.
So there were 43 - 5 = 38 girls at school on Friday, and 96 -
38 = 58 boys at school on Friday. The answer is 58.

("A: We know the Answer Hints: 58. With the Answer "\
Hints: 58, we will answer the question. There were 96
fourth-graders at Small Tree School, and 43 of them were
girls.On Friday, 5 girls and 4 boys were absent.So there
were 43 - 5 = 38 girls and 96 - 43 = 53 boys at Small Tree
School on Friday.After subtracting the absent students,
there were 38 - 4 = 34 girls and 53 - 5 = 48 boys. The
\_answer is 48.

/”A: We know the Answer Hints: 58, 48. With the Answer '\
Hints: 58, 48, we will answer the question. There were 96
fourth-graders, and 43 of them were girls. On Friday, 5 girls
and 4 boys were absent. So there were 43 - 5 = 38 girls and
96 - 9 = 87 students in total. Of those 87 students, 38 were
girls, so there must have been 87 - 38 = 49 boys. The

\.answer is 49. )

/” A: We know the Answer Hints: 58, 48, 49. With the N\
Answer Hints: 58, 48, 49, we will answer the question.
There were 96 fourth-graders at Small Tree School, and 43
of them were girls. On Friday, 5 girls and 4 boys were
absent. So there were 43 - 5 = 38 girls and 96 - 43 = 53
boys originally. After the absences, there were 38 - 5 = 33

\\ girls and 53 - 4 = 49 bozs. The answer is 49.

Zheng et al., Progressive-Hint Prompting Improves Reasoning in Large Language Models, arXiv:2304.09797v5, 2023
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Think Before You Speak: Training LMs With Pause Tokens

Ignore
Output
«—>

Targets

Layer 2 D GSMBK SQUAD V1 C LAMBADA WebQA
— 19.5
3.0
8 8.0 25 15.0
= = 48 =165 =
375 W90 w w
S a2 15.0 1.5
< .
7.0 N 7.5 s e
NaturalQA CoQA PhysicalIQA o HellaSwag
(b) Pause-inference and finetuning 7 ’
315 74.1 38.0 Training Algorithas.
2 1.0 £ StdPT_StdFT
Ignore Ignore & g o e o e StdPT_PauseFT
output output -
24 735 37.2
0.0 :
» 32 s

Figure 3: Downstream performance for a 1B model. Injecting delays in both stages of training
(PausePT_PauseFT) outperforms the standard end-end training StdPT_StdFT on our wide variety of
tasks (except HellaSwag). In contrast, introducing delays only in the finetuning stage provides only
lukewarm gains, and even hurts in GSM8k.

Inputs

(a) Standard pretraining (b) Pause-pretraining
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Search decision making

Query type/intent analysis
Dialogue history Temporal analysis

Web/local doc browsing

w/ search Web browsing

Answer
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Answer composition
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Temporal reasoning

Quote extraction
World real-time state Search or not conclusion
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Geek: A method for implicit Boolean QA

« Motivation and Intuition « Method
o Implicit Boolean questions requires more o GEEK: We propose a pipeline that Gradually Excavating
exploration to form a solving strategy External Knowledge to search the strategy
o We hope to leverage external knowledge instead of o First work to formalize implicit Boolen QA procedure and
vanilla CoT to answer reasoning-based question define a four-actions space to enable the strategy
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> MIREIESEHEME (KIBSEED) FamAR:
> FERKESHEBBNERMIREL: EHELERE, BERNATE;
> EENREEE IR AE R AT ESERTING: BFEEHEGTNIERIEESR, TRE

PR;
> Bt EEE (RAG) AAZMERMINEERTH#HE: UESIESHEIRERYE, B
Z158.
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GraphRAG

> 24 2GraphRAG?
> GraphRAGER—FETHMIREILREFEERA . BEWEERENIIRARIE,
BIAMXAZENRABENERR LR, RAEFIAXESER (LLM) #
ITHZRIEE.
> GraphRAG B T{E/RIE:

> AR WA PRANE IS PRSI,
> HETFE: RFENATHEEERXHTE, BERLETX.
> ERER: BHBRFNTERAKXNESEE, £RER.

> GraphRAGSIE TRZHIEM, BET —EMRI.
%H4skiE: CSDN Blog: GraphRAG: #MiREE+ KR, 4 : Python_£3%%Y
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SRR THEMAER

> BRTBERES. MREE. EFRB. ZEMHZH, THEERZEMINFTSUERR
Foa:
> E{FRTEZ
> BESE
> K
> HEKE
> HA
> EIILITHE
> ERERH
> EHERITE
> RENEMHFSHHRSEETXLIEEANRTERT, R AFZEEAOMIE
> HpfoERTLEECATLAEAES (EERE. &itED
> KREERFRHBEERFBRERNIESOEE, REUBEREXRE

v
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E1%& (image) {EAXKIBSHEAMFSILEIRIED

> HHLLIES, BGATURETES. EEUNESR:

ERESH

18—, MREAXFGALE aflhe) o
= . e AR -]
HFERER, NiZmARR? w9 - A (Ontolegy ) (aRTR) E
#l #
> IR S P HR RGN : e :
j
> WRRIRE REAHS e .
> TERERANT NS i
FIEERBEER?
TRERRAE

> EIEEXMIENE MI%ul%ﬁtﬁAﬂ%ﬁukﬁi¢,mz—ﬂﬁﬁm
WMEFSEEH .
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Glyce: Glyph-vectors for Chinese Character ‘ o i ""’ » ':' 3o p
Representations I l—— e i s et
S - |

frbni
I eerew
Yuxian Meng* Wei Wu, Fei Wang®, Xiaoya Li¥, Ping Nie, Fan Yin

inghong Han, Xiaofei Sun and Jiwei Li

-I—i-ﬂ--'i- whml o -

[IR S N

Shannon. Al
{yuxian_meng, wei_wu, fei_wang, xiaoya._li, ping_nie, fan_yin, .
muyu_li. ginghong_han, xiaofei_sun, jiwei_li } @shannonai.com

Figure 3: Using G

BERT model for different tasks.
Figure 2: Combing glyph information with BERT.

D Parsing
Model TAS
Ballesteros et al. [2016] 877 862
Kiperwasser and Eliyahu [2016] 876 86.1
y: / Input Character mage Model ChnSentiCorp _the Fudan corpus _iFeng. Cheng et al. [2016] 881 857
*B‘ &‘ TST™ o7 955 19 Biaffine 893 882
= = - 902 890
i LSTM + Glyce 93.1 9%.3 85.8 Biaffine+Glyce
= e, 2 ' = , (+14) +0.5) (+0.9) (+0.9) +08)
5 2 ' = - BERT 95.4 995 871 Semantic Role Labeling
if% i " Glyce+BERT 95.9 9.8 875 Model P F
3 +0.5) +03) (+0.4) Roth and Lapata [2076] 760 T8 733
Marcheggiani and Dicgo [2017] 846 804 825
Table 6: Aceuracies for Single Sentence Classification task. He etal. [2015] 842 815 828
Figure 1: Tllustration of the Tianzege-CNN used in Glyce. - R N Ry
k-order pruning+Glyce 008) (00 09

Table 7: Results for dependency parsing and SRL.
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Autoformalizing Euclidean Geometry

Logan Murphy ' © Kaiyu Yang?" Jialiang Sun' ZhaoyuLi' Anima Anandkumar’ Xujie Si'

Propesitica | tioa ) £ ¥ (a b1 Poist] (AB : Line),
et on equasrsl ssasghe e o gres fabe ints0nLine @ b AB -
- 5 < : Poist, |Tc-a1| = [(a-8}] 4 |(c-b)| = [{a-b) Z2  cquvalent /
< P ,
Ground truth theorem CVCS, x
oW - [l SMT-based symbolic
theares progositicn_1* 1 ¥ (a b 1 Paist) (4B 1 Line), reasoning engine GPT-4 GPT-4V
= a.enline A8 & b.online AB A 3 4 B -
3¢t Potat, [a-c)| = [{c-b)] & [{3-)] = [{a-b)| Category 1-shot  5-shot | 1-shot 5-shot
Lo 41250 30 ghva i e e ab:Point "
o el el o e g Autoformalized theorem AB: Line Triangle 35% 45% 45% 70%
e 0% B e 0 0 A M BCD ACE : Circle z= Similarity 5% 15% 10% 15%
rems [Pt 31, 603 epts 4 the i ACE st isCenter a BCD =
ST merianees | cyeg ¥ Congruent | 5% 25% | 15%  25%
e ptes C, where the ciackes a2 oo axshe 0 the by isCenter b ACE _ Quadrilateral | 35% 25% 20% 30%
s A et 3 (regazindy) [P 3} " i

T o o et 4 o o e B, euclid_iatros onircle a ACE Parallel 5% 15% 5% 15%

Aguin. wince e s euclid_apply circle_from points a b as BCD J ] + intersects BCD ACE
OB aw 14 euclid_apply circle_from_points b a as ACE Overall 17% 25% 19% 31%

PR A "";:': R D euclid_spply intersection_circles BD ACE as = 22 ‘
euclid_apply point_on_circle onlyif a b c BCD CVCS {

euclid_spply point_on_circle_olyif b a c ACE

s oo nv usc
e g o e 3 S ouclid_finish
Informal Euclidean geometry problem Autoformalized proof Diagrammatic reasoning gaps
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LayoutGPT

[2D Numerical Reasoning] There are three elephants [2D Spatial Reasoning] A carrot and some onion next to
standing beside a pool of water. a knife on a cutting board.
StableDiffusion  Attend-and- LayoutGPT StableDiffusion  Attend-and- LayoutGPT

(v2.1) Excite + GLIGEN (v2.1) Excite + GLIGEN
\ - F

[3D Living Room] Room Type: Living Room; [3D Bedroom] Room Type: Bedroom;
Room Size: 7.7m x 3.6m Room Size: 3.0m x 4.8m

ATISS LayoutGPT ATISS LayoutGPT

d v
[ 2]
o=

(Sl
-:ﬁ"‘w
Furnitures

Out-of-Boundary Furnitures

Overlapped

Figure 1: Generated layouts from LayoutGPT in 2D images and 3D indoor scenes. LayoutGPT can
serve as a visual planner to reflect challenging numerical and spatial concepts in visual spaces.

LayoutGPTLayoutGPT: Compositional Visual Planning and Generation with LLMs, arXiv:2305.15393v2

NO
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ERNIE: Enhanced Language Representation with Informative Entities

{.d

A~ Chronicies:
Volume One

Zhengyan Zhang'>**, Xu Han'>%*, Zhiyuan Liu'?>*, Xin Jiang', Maosong Sun'%, Qun Liu’
Department of Computer Science and Technology, Tsinghua University, Beijing, China
2Institute for Artificial Intelligence, Tsinghua University, Beijing, China
3State Key Lab on Intelligent Technology and Systems, Tsinghua University, Beijing, China
“Huawei Noah’s Ark Lab
{zhangzhengyanl4, hanxul7}€mails.tsinghua.edu.cn

Bob Dylan Writer

Songwriter

Bob Dylan wrote Blowin’in the Wind in 1962, and wrote Chronicles: Volume One in 2004.

Token Output Enity Outpu

Token Cutpu |

_ Enty Ouput
. Model MNLI-(m/mm) ~ QQP  QNLI  SST2
8 392k 363k 104k 67k
[
K-Encoder Mx
BERTgAsE 84.6/83.4 712 - 935
|
ERNIE |  84.0/832 712 913 935
N Model CoLA STS-B  MRPC  RTE
\ ( Wi Hoad Atenion (st srrin ) 8.5k 5.7k 3.5k 2.5k
T-Encoder Nx \ T T T T T 7 7
e @ BERTgase 52.1 85.8 88.9 66.4
tokenimput () () () (@) - (- Entity Input
‘ el . 52 eaboyn Sein e ERNIE | 523 832 88.2 68.8
Tokan Input Bob Dylan wrote Blowin’ in the Wind in 1962
(a) Model Achitecture (b) Aggregator
s FLNDAH'S
W2 HUAWEI “FaakLac
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> 2H, BIIGESREMIABIERARR (WNTransE) BESHMUE, B
ZIIETRZHXRE.

> AEXREBEREH, XEMARESELRDN.
> BIiAA, XHEMNARBLIFMAZRBNER, ttansxtFReverse Cursela)il,
WIFRNAITHRAR S R,

A=B

‘i Who is Tom Cruise's mother?

man
@ Tom Cruise's mother is Mary Lee Pfeiffer. . &

O e woman

. E N
king T = .
! Y
‘Whe is Mary Lee Pfeiffer’s son?

B A

=

queen

As of September 2021, there is no widely-
known information aboust 3 person named
Mary Lee Pfeiffer having a notable son.

©
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HEE SHENRESNGE

> BRIESTEGHL: BFESMBEES.
> BRESHRERN, EREHNTSRTER.
> BRIES SHEFEE S B E ISR
> BARIBSEFAIESWERCE: WERRESHEANCREERENIES
(ZEHER):
> XEZEZBRESEREI
> AR AXoTH ARSI ERE
> HERABIEES KT ENESE L BTG EE
> ERIBSAGHERCIE: NAIERERNEFIES:
> HTFEXNIESESBIAMNIEY, B2 ATLUBE S| NN S 5 81 TI0IE
> ALRARE RS RSHAIREFNER
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Pangu-Tool: @it BIsERIASFTEIMIMNB T EEA

> EFEUREMHTSFT, “EERtEmaY
> RIBFFRSIESFT, FELTRIFARERM
> ST TEBIRESFT, &N AEENF

1#AEdE (~1000k)
(. BE. XEF)

TRHHE (~100k)

(#1%:. APIs, excel, B EZ%)

sBAT AN
HEEERT

AL FF & EHE( 200k
(REDAERL. R, &S
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Pangu-Tool: i#d £ ~3F JICLEIIMNP T EHA

PR EEXTRSIER

i 1 common", "B AHEE-RERE.", "principle”:
null, "arguments": {"carcontrol_des_location": "String: ", "device_type": "String: ", "range_type": "String:
", "room_type": "String: ", "smarthome_instancename": "String: ", "time": "String: ", "wind_direction":
"String: "}, "results": "String: $TEER. "),

{"name": "plugins|close_home_settings_page", "d: pnon" "KAFRAER.", "principle”: null,
("room_type": "String: ", "setting_item": "}, "results": "String: HUTLESR, "}
, "principle™: null, "arguments”: {},

ipe_screen",
{, "results": "smng };u:r“i. ")

("name“ "plugins|tum_ off_pwnr aving le. scriptiol
. null, "arguments: {'mode": "String: "}, "results": "S!rlng }M%%. b ’

A B

embedding

Y gELEE
£y B mitEaasRxy _ emoedding e
4- HAUERS

BEESHE | gF. HmB A un_off_power_saving_mode_common API.
<T B>T i f:plugins| turn_off_power_saving_mode_common |{\“mode\": \“# & \"}</ T &>

TH: [output_from_turn_off_power_saving_mode_common]
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Pangu-Tool: 1#

=
£

Input

36 total:69

BT B ECOTSLIINEE T A

| Planner I|

Produce Prompt
(Search, generate)

Modify Prompt

LLM

Prompt

(plan including plug

n,

CoT/ToT/GoT,

Standard)

N

Infer Step
by Step

¥

Result

—

Prompt template library
Or
Prompt generator

| Add to Prompt library I

i FH 8 B s X Fn e

Finial
Verify

step by
step
Verifier score
Step by
Step
Score
Modify Verifier
(finial, step by step)

Final |
Score

Calculate

Or
l Modify Prompt generator|

NOAH'S

Sz Huawer SN2 S



Pangu-Tool#$fjl: #F#EIE

O “FSESEMTIH
Program | HM—: EERAKRE K |
AHE, G600,
Fraemse. om0 UM H Prﬂsram('l—-l Python | | i st ko 8 K 1608/3-536 0% ® i
AESWTIR? " ¥ :ﬁﬂ SEHRFHENRL
| "‘i’tifﬁg"&ﬂﬁ*ﬁ 1608 - 536.0= 1072.04 |
T R e A i \ Program 'E&‘i Atk EE SF 10700 |
| gm— & |
: ijﬁ ]f;':?lmi: L[pl.i!ﬂll‘ |
VIR S SR
| 4 A 254 ) =160 - [p1:530) = [p2:10000 K. |
| s ﬁ;s i i F S paiovolH I
| s e ;
el |
: ) et ) o :
I a4

| BW— RF@MARLE
| FFAE YRR D46 1608/3=510K
| R PELEEDERAE
VA E LR E SR R Hi=1608
-ﬁ?‘”iﬁ AEE L S LOC

37 (1) total:69 M2 Huawel SRR Se



Pangu-Tool#£45l: #F#E3E

> kLR
1. ERCARIEE LR, Heh<codedsymbols> tag KX BIEMIFS, X
MagS itk RS0 A pythonfgfEss;
2. AR pythonfBZF[MITEL, HITHRIDN, HELERERCE;
3. MRMITHE, FRERERNREER;
4. XTI (k) : MERITHEE, pythoniFEiR{EE X FZHRIERFR
£/, KEIBshEE B R.
> SDIREER.
> fnApythonfEfEss, EHFARIEZ LIRBFETEERHA (35%—86.7%) .
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Pangu-Tool#£45l: #F#E3E

Q1: (100+(200/5)-99) / 4

FABEEIS: (100+(200/5)-99)/4
EFAPython{LESEERRES:

EEERE#10.25
Q2: —ME#E, ERRFERIENR, SRIEX, EHFRRZD?

{REREE: (1/3)"3.1432"9
T RPython LIS EERRES:

get result():

{"p17:

EEERA84.78

FLNOAH'S
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Pangu-Tool#£45l: #F#E3E

QBUNIET20.55KE940, MAKARA T10.5%, BEERITHDERMNM?

{FIEE=4E: (20.5-10.5)"100
TERAPython{UiSARERS

S (20, 5=10. 5) 100}

EREER 1000
Q4: NABNEIEI0RE, NIB/NEESRE, MITER], NAER, AAMR
20 E, FEIRTH%, WEEl/NAZKATEIREIE VT ?

B 20/(10-5)
ERAPythontiSEERERE:

FLNOAH'S
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Pangu-Tool#£45l: #F#E3E

38 (3) total:69

QS BSEXERMEENRSE, MRNBEPRE10kg, MAR THERELTE
RIEMEE, EREEEREZ VTR

{RIEEEE: 1075/(5-3)

EAPython{LESEREREE

get_result():

{"pl”: 1045/ (5-3)]

HEEFEA25
Q6: =+ MARFIFIURIA+ZFTF

ARSI (20+45)%4/10
ERAPython{UISEEERE:

Sz Huawer GRS R
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Pangu-Tool#f: FRAZIE

HEF @S ’fﬁ”x‘{’cﬁg ﬁiﬁ%pandasﬁﬁ%mmz%tg}m’ﬁ . $Ez{tﬁﬁ{’éﬁilmatplotl|b/seaborn%1§1&ﬁ§z}g§3\$ﬁ
c_‘v...»..._,_,_““ .
E—y |
. — B e Inll-.

I' °- ® -
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Pangu-Tool#f: FRAZIE

Pirst barve Last Mama Gesclar  Coustry. ge Dabr

f‘:,l l“‘ A I i | 1u)

$—: LIS BTY: FEDIN: FROHE
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Pangu-Tool##: HAZEIf
2023F1H1HEEYERSZPKRT?

ENALEIRETREIEE,

datetime datetime

20231 B1HBESEF197R
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Pangu-Tool##f5l: B/ 4%k

BE—KiEE LIEXAERE A

T8, RENEERREATELTENER, FES. FEABSSEE20-EAENGETER,

g8, RESERT HEREELTENER, FESHWASEREHTEN,

42 total: 69 S Huawel SHRSET Re



Pangu-Tool#f5|: #FH#HIEhZH T EFH
JERERYIS 203208, KEAEREZ212AEE/NY, KHEEREZR6S50EE/\NT,
IBIE)ERNR? RIS T E S/ DaTE?

R, TR R S S TR e RS T e,

AFRERR2LES M, FUESEnMESTRETRIER,

UL TR S, thitetEE

6450,

UL WAL EtReA45E,

43 total:69
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Pangu-Tool##fjl: ETITARIRFIBHKEE

2/(N7+5)

get_result():

{"p1":2/(N7+V5)}

RIBLET, BIRESN:
“run_python’, line 3
return {"p17:2/(¥7+V5)}
A

SyntaxError: invalid character 'v' (U+221A)
EEER, Wz

get_result(): &l

{"p1": 2/(math.sgrt(7)+math.sqrt(5))}

HHEERA041

AH'S
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Pangu-Tool#£f]: T T A& IRAYHIIMNETE

2023F2F308 2251

fr import datetime, timedelta

L= GL

day =30

on”, line 15, in g
ValueError: day is out

RIS AILAE;S

45 total:69



Pangu-Tool#£f5l|: =B FNHRS T HEARL%ES

46 total:69

IFMBERA30205FS K, BER(ORTIHMAIERSE N, ERImNERIEESD?

EMIBIERE 020K | TEHEIEREA450FA TR, | FRlA, JEHASEFRR IAHERRAYE76%. BlilalLABELIFAT

w M 30205 FATH \‘ $—%: EREATMNEER.

t0):

x": 4450-3020}

BT EES, GHENREEETE 21430 AT -

—¥: ERIRGIER.

AH'S
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Pangu-Tool#£f5l|: =B FNHRS T HEARL%ES

47 total:69

IBJRE: 100LARBIEREZFIZE?

REARTEFNNE. &%, RITRNEAS

7019, 23, 29, 31, 37 41 43 47 53 59 61, 67. 71, 73, 79, 83, 89. 97=mil00EEL

I, RS RERMATH. X2 NERNERE, AREESxEREEm.

2+3+5+7+11+13+17+19+423+29+31+37+41+43+47+53459+61+67+71+73+79+83+89+97=

get result():

{"x":sum([2,3,5,7,11,13,17,19,23,29,31,37,41,43,47,53,59,61,67,71,73,79,83,89,97])}

,83,8

1060,

FREL, i1 00-NEEesF021060.

B, BEEEATINEAE, BRTIHEEHS, BEEMmNER,. L, 20 3. 5. 7. 11

~

L1301

HUAWEI
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KIEBIEGEMR (LLM Agent): —MNEERHETTS R %

> KIRBIEEEMA (LLM Agent) B—MEXTEEMMERS A% : KRERIMBEIR. BAH
ﬁl‘gﬂlﬂ\ g1z %‘IU?JJ\ ﬁ?\ ;;&%%%o

| Short-term memory || Long-term memory |

Y

L

Tools H Agent H Planning
)

https://lilianweng.github.io/posts/2023-06-23-agent/

CodeInterpreter ()

Self-critics

Chain of thoughts
Subgoal decomposition
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LLM-driven Al agents

A Survey on Large Language Model Based Autonomous Agents. arXiv.2308.11432.

——— @ 0=

Crrme) || ¢

(_Planning )

(_Action )

|c

Profile Contents Memory Structure

> Unified Memory

> Demographic Information T

> Personality Information

> Social Information oot
> languages > Databases
Generation Strategy » Embeddings > Lists
> Handcrafting Method Memory Operation
> LLM-Generation Method > DR i
> Dataset Alignment Method > Memory Writing

> Memory Refection

/

Planning w/o Feedback
» Single-path Reasoning
> Multi-path Reasoning
» External Planner

Planning w/ Feedback

> Environment Feedback
> Human Feedback
> Model Feedback

=

Action Target

» TaskCompletion » Exploration
» Communication

Action Production
» Memory Recollection
» Plan Following
Action Space
> Tools > SelfKnowledge
Action Impact

> Environments > New Actions
> Internal States

Difference between Al agents and common Al applications:
> Agents are able to perceive the environment and make decisions.

» Agents can influence and change the environment through their
behavior.

> Agents can perceive the changes of the environments caused by
their own behaviour, which form a close loop.

» The learning of the decision-making mechanism of agents usually
involve reinforcement learning.

49 total:69

Differences between LLM-driven agents and traditional Al agents:

> The states of LLM Agent are represented not only with vectors, but
also in languages, which is interpretable.

»  The behavior of LLM agents can be represented as any complex
symbolic operation such as function calls.

» The LLM Agent’s decision is supported by a strong LLM.

FLNDAH'S
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Summarization and accumulation of experience: Voyager

‘Automatic Curriculum Iterative Prompting Mechanism Skill Library Minsoraft Trae Dsinond Yoo ‘
& : P
. I T P TS Lasse?
i B Mine Wood Log Woosan  Swoe  fen  Diemond Y= Toela i
~ 1 <
. f @  Make Crafting Table. Tool Tod ool Tood g_
Mk Crting Table ! X cattstone sword
7 1+ 5 '4 s B Make Fumace
Comeat | Tsk p— | SR cratshin ;
1 @ cooksteak z
Mine Wood Log ‘Combat Zombi 2
Execution Errors Actions 5
a E
E
2
Mine Diamond Update & cavewsan
Environment Self-Verification
Figure 2: VOYAGER consists of three key components: an automatic curriculum for open-ended

exploration, a skill library for increasingly complex behaviors, and an iterative prompting mechanism a 25 50 75 100 125 150
that uses code as action space. —— voyager {Oursl —— Voyeger wio Skl Lkwary  —— Redct —— Reflasion —— AUOGPT

Wang, et al. “Voyager: An Open-Ended Embodied Agent with Large Language Models.” arXiv.2305.16291.
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Emergent social behavior from multi-agent interaction: Smallville

Q. What are you looking forward to
the most right now?

1'm locking forward ta the
Valentine's Day party that
I'm planning at Bobbs Cafe!

» Introduce time-based passive memory.
> Decisions are made by LLMs according to memory, without purposes.
» Social behavior emergents among multi-agents.

il J > Potential future development of multi-agent:
> Can division of labor and cooperative behavior emergent
among multple agents, rather than relying on pre-specified
human design?
> Can ever more powerful intelligent behaviour emergents
through collaborations between multi-agents?

Sz Huawer SN2 S

Park, et al. “Generative Agents: Interactive Simulacra of Human Behavior.” arXiv.2304.03442.
51 total:69



AIERIERER (LLM Agent) BEBERKIREE

> BERAEMATTSEEEH, ELEBRE, RAZKFEHNHEFTSREHEL
18, THERKEEE:
> HSRGHNMERGZEHRTH, WERGABMNFSRRTEEEME, RZTRE
LEdeRIDIE S
> AEBRBETIESHREDRE, MAXESRESHATESHALEDE
> SNBSS RG (R, TH) FF, CRARARENTHIMER, A=RERK
REBENIEM, RBERA—INTENTRE, FBEIARZNED LA—

=10
> FFSRGUIBRMHEBHESIHFERN;, BMAREBRDUETHREKXE
DLIBE

> AgentRGTERZT BIRRAH, RUGEMFIETM ARHRNIZERNTS RS, HAar&
RiZzfER AR AGHEES (RE—FRG T RETEDB IR

> AgentfHIFF S REARFIFEI AL, ZAgentEEFIBERNL, EFERANR
£
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The Curry-Howard Isomorphism 7} £ -ZE 1£{E[E] 4

> (JEB-FEEEMN (FEiF: Curry-Howard correspondence) 2 EHIEF
WA [BA R BEER; Xt Rt fd B- B EE . AR AL N
S ARl A BYRT R .

> XEMERIZERZMARNITE (computational calculus) Z [BIFF S AIHEIAE
i0f:

> EMIAARHEERRZEREHI/R-HERME (Haskell Brooks Curry) %
1S R BE- P /R 3C-E LEfEWilliam Alvin Howard) 837 & IREY.

> BN EENB-EEETR.

> E—NAEELE, ELET “WEIERRIFEAER" AL, XBH “UER” 54
WIREAEMEHEEP RN EEREERG TR, M “EF" 2%E
ERNERRBIENEN LR, MEENWS EE, XMEFRRAEM A EE
RIEW . FrAf R -ELLERMN B S 2iEAA R fiEk B ERIZERIE
BAE Rk A Il

53 (1) total:69
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The Curry-Howard Isomorphism 7} B -E4#£1E 64

The mathematician

Theorem. For all n € N, there exists
p € N such that n=2por n=2p+ 1.

Proof. By induction on n.
@ If n =0 then this is obvious.

@ Otherwise, assume that
n = m+ 1. By the induction
hypothesis, we know that there
exists some p such that m = 2p
or m=2p+ 1.
o In the first case, n =2p+ 1.
o Otherwise n=2(p+ 1).

The programmer

val div2 : int -> int * bool

(* [div2 n] returns the integer
division by 2 of [n] together with
a boolean indicating if [n] is
even. *)

let rec div2 n = match n with
| 0 -> (0, true)
| m+ 1 >
let (p, even) = div2 m in
if even then (p, false)
else (p + 1, true)

Slides: Pierre-Marie Pédrot, The Curry-Howard isomorphism for Dummies

53 (2) total:69
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The Curry-Howard Isomorphism &} 2 -E L& [E] 44

53 (3) total:69

Logic CS
Proofs Programs
Formula Types
A implies B function from A to B
A and B pair of A and B
Aor B tagged union of A and B
falsity empty type
truth singleton type
for all z€ A, B(z) dependent product from A to B
Axiom System primitive
Soundness theorem Compiler
Completeness theorem Debugger
Incompleteness theorem Infinite loop

Slides: Pierre-Marie Pédrot, The Curry-Howard isomorphism for Dummies
&2 HuAWEI
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LeaniZ2=

>

| 2
| 2

>

>

54 total:69

LeanR—H A B SN B NWEREEM LM A A8+ EV IR IERREE T
BMEHXRIBIES.

LeaniZE E L2 — MR B RIFES,

LeaniZEE X 2—MERA UK FEIBIEATE, AlLeaniB 5 M EIFIEFA
A LURIEE IE A o

BIEMEHTERAN—ERERITRENEHN X F IR A LeaniE 5
Frdik, BRIEELSE 7T — VL EIEIERAEMathLib

LeaniE & th A T E TAIMITHEEIBIFAMBEN T A
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Theorem Proving - Holy Grail of Al

* Very general and most challenging torm of intelligence

LAY

L -

Hilbert Turing Shannon Sutskever Lample

« Special cases: SAT, SMT, first-order logic, math word problems
« Applications:

+ Formal verification => 100% correct code with theoretical guarantee
- Code generation => assist/replace coders (and with 100% correctness)
=> education, solve open problems, create new algorithms

Credit to Zhengying Liu at Huawei Noah’s Ark Lab

55 total: 69 S HuawEl &5



Automated Theorem Proving (ATP) - the Problem

Va,b,ce R,a+b+c=c+b+a

a proposition

(and a library of proven theorems)

Credit to Zhengying Liu at Huawei Noah’s Ark Lab
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Automated Theorem Proving (ATP) - the Problem

Va,b,ce R,a+b+c=c+b+a

a proposition

(and a library of proven theorems)

Credit to Zhengying Liu at Huawei Noah’s Ark Lab
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Automated Theorem Proving (ATP) - the Problem

Al State:  Action:
Fa+b+c=c+b+a

1. Use add_commoncandb
Fa+b+c=b+c+a

Va,b,ce R,a+b+c=c+b+a

2. Use add_common (b +c)and a
Fa+b+c=a+(b+c)

_ 3. This is exactly add_assoc
goals accomplished &

its proof

a proposition

(and a library of proven theorems)

Credit to Zhengying Liu at Huawei Noah’s Ark Lab
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Automated Theorem Proving (ATP) - the Problem

Al State:  Action:
Fa+b+c=c+b+a

1. Use add_commoncandb
Fa+b+c=b+c+a

Va,b,ce R,a+b+c=c+b+a

2. Use add_common (b +c)and a
Fa+b+c=a+(b+c)

_ 3. This is exactly add_assoc
goals accomplished &

a proposition

(and a library of proven theorems) its proof

(undecidable in most cases, by Godel Incompleteness Theorem. But it suffices to achieve human performance.)

Credit to Zhengying Liu at Huawei Noah’s Ark Lab
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Automated Theorem Proving (ATP) - the Problem

Va,b,ce R,a+b+c=c+b+a

a proposition

(and a library of proven theorems)

Y

State: Action:
Fa+b+c=c+b+a

1. Use add_commoncandb
Fa+b+c=b+c+a

2. Use add_common (b +c)and a
Fa+b+c=a+(b+c)

3. This is exactly add_assoc
goals accomplished &

its proof

But in what “language” ?

(undecidable in most cases, by Godel Incompleteness Theorem. But it suffices to achieve human performance.)

Credit to Zhengying Liu at Huawei Noah’s Ark Lab

56 (5) total:69
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Automated Theorem Proving (ATP) - the Problem

Va,b,ce R,a+b+c=c+b+a

a proposition

(and a library of proven theorems)

Y

We use: Lean theorem prover

import data.real.basic

theorem add_abc (a b c : R):
a+b+c=c+b+a:=
begin
rw add_comm c b,
riw add_comm (b + c) a,
exact add_assoc a b ¢,
end

its proof

But in what “language” ?

(undecidable in most cases, by Godel Incompleteness Theorem. But it suffices to achieve human performance.)

Credit to Zhengying Liu at Huawei Noah’s Ark Lab

56 (6) total:69
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Interaction between the prover (Lean) and the language model

lean-gym [1] provides a theorem proving environment

N e

language model

lean-gym

[1] Polu, S. et al. Formal Mathematics Statement Curriculum Learning. 2022.

Credit to Zhengying Liu at Huawei Noah’s Ark Lab

AH'S
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Interaction between the prover (Lean) and the language model

lean-gym [1] provides a theorem proving environment

add_abc real

|ean_gym %em name, namespaces) Ianguage model

[1] Polu, S. et al. Formal Mathematics Statement Curriculum Learning. 2022.

Credit to Zhengying Liu at Huawei Noah’s Ark Lab
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Interaction between the prover (Lean) and the language model

lean-gym [1] provides a theorem proving environment

add_abc real

|ean_gym %em name, namespaces) Ianguage model

Fa+b+c=c+b+a
(initial tactic state)

[1] Polu, S. et al. Formal Mathematics Statement Curriculum Learning. 2022.

Credit to Zhengying Liu at Huawei Noah’s Ark Lab
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Interaction between the prover (Lean) and the language model

lean-gym [1] provides a theorem proving environment

add_abc real

|ean_gym %em name, namespaces) Ianguage model
GOAL Fa+b+c=c+b+a PROOFSTEP

Fa+b+c=c+b+a
(initial tactic state) (prompt)

[1] Polu, S. et al. Formal Mathematics Statement Curriculum Learning. 2022.

Credit to Zhengying Liu at Huawei Noah’s Ark Lab
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Interaction between the prover (Lean) and the language model

lean-gym [1] provides a theorem proving environment

infer / sample

add_abc real

|ean_gym %em name, namespaces) Ianguage model
GOAL Fa+b+c=c+b+a PROOFSTEP

Fa+b+c=c+b+a
(initial tactic state) (prompt)

[1] Polu, S. et al. Formal Mathematics Statement Curriculum Learning. 2022.

Credit to Zhengying Liu at Huawei Noah’s Ark Lab
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Interaction between the prover (Lean) and the language model

lean-gym [1] provides a theorem proving environment

add_comm c b
(tactic)

infer / sample

add_abc real

|ean_gym %em name, namespaces) Ianguage model
GOAL Fa+b+c=c+b+a PROOFSTEP

Fa+b+c=c+b+a
(initial tactic state) (prompt)

[1] Polu, S. et al. Formal Mathematics Statement Curriculum Learning. 2022.

Credit to Zhengying Liu at Huawei Noah’s Ark Lab

NOAH'S
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Interaction between the prover (Lean) and the language model

lean-gym [1] provides a theorem proving environment

add_comm c b
‘tactic)

(
/ wsample
i
i

= @'

|ean_gym %em name, namespaces) Ianguage model
GOAL Fa+b+c=c+b+a PROOFSTEP

Fa+b+c=c+b+a
(initial tactic state) (prompt)

[1] Polu, S. et al. Formal Mathematics Statement Curriculum Learning. 2022.

Credit to Zhengying Liu at Huawei Noah’s Ark Lab
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Interaction between the prover (Lean) and the language model

lean-gym [1] provides a theorem proving environment

add_comm c b
(tactic)

add_abc real
T language model

|ean—gym %em name, namespaces)
Fa+b+c=c+b+a GOAL Fa+b+c=c+b+a PROOFSTEP
run_tac: (initial tactic state) (prompt)
add_comm c¢

[1] Polu, S. et al. Formal Mathematics Statement Curriculum Learning. 2022.

Credit to Zhengying Liu at Huawei Noah’s Ark Lab
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Interaction between the prover (Lean) and the language model

lean-gym [1] provides a theorem proving environment

add_comm c b
(tactic)

add_abc real
T language model

|ean—gym %em name, namespaces)
Fa+b+c=c+b+a GOAL Fa+b+c=c+b+a PROOFSTEP
run_tac: (initial tactic state) (prompt)
add_comm c¢

Fa+b+c=b+c+a
(new tactic state)

[1] Polu, S. et al. Formal Mathematics Statement Curriculum Learning. 2022.

Credit to Zhengying Liu at Huawei Noah’s Ark Lab
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Interaction between the prover (Lean) and the language model

lean-gym [1] provides a theorem proving environment

add_comm c b
(tactic)

/ wsample
B

VN
init_search: i

add_abc real

language model

|ean—gym %em name, namespaces)
Fa+b+c=c+b+a GOAL Fa+b+c=c+b+a PROOFSTEP
run_tac: (initial tactic state) (prompt)
add_comm c¢
Fat+b+c=b+c+a /

(new tactic state)

[1] Polu, S. et al. Formal Mathematics Statement Curriculum Learning. 2022.

Credit to Zhengying Liu at Huawei Noah’s Ark Lab
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DT-Solver (ACL 2023)

Selection —

N(sg,a;) = 2
W(so,a;) =13

N(sp.a3) =1
W(s;.a;) =03
a

58 total:69

Model
- Expansion & Evaluation
- Backpropagation

L] X
OME =iy |
N
et [l X

Expansion
&
Evaluation

LX)

N(sp.a5) =3

el proof new
- steps proof
'.Sé \" (d) states
) N(spas)=1 ! (g
= '
N(sya) =1 Wiy | (e) s
W(sy.a,) =02 H 5
'
:"ST“- : proof critic state
W/ ' state model score

(©
Wang et al., DT-Solver: Automated Theorem Proving with ..., ACL 2023
Credit to Zhengying Liu at Huawei Noah’s Ark Lab
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MUSTARD (ICLR 2024)

g

3D figures in

Basic geometry and
measurement.

Seed Concepts

Algebra 1 = {5
equalities, ...}
Basic geometry and
measurement =

{Coordinate p ) 30
igu b
Precalculus = {2t ion

5, b
Differential equations =

ace tran

# Problem:

John has a cuboid box with a length of 3 cm, a
width of 2 cm, and a height of 4 cm. He wants to
paint all sides of the box. Each can of paint he
bought can cover 6 square cm. How many cans of
paint does he need to buy to paint the cuboid?

Concept Pool

] |
# Informal proof: L5
First, we need to find out the total surface area of
the cuboid that John wants to paint. The formula
for the surface area of a cuboid is 2Iw + 2Ih + 2wh,
where | is the length, w is the width, and his the
height. Substituting the given values, we get
2%3%2+2%3%4 + 2*2%4 = 12 + 24 + 16 = 52 square
cm. This means the cuboid has a total surface
area of 52 square cm.

Next, we need to find out how many cans of paint
John needs. Since each can of paint can cover 6
square cm, and John needs to cover 52 square cm,
we divide 52 by 6. We get approximately 8.67, but
since John can't buy a fraction of a can, he needs
to buy 9 cans of paint.

# Formal proof in Lean 3:
“lean
import data.real.basic

- variables

def can_cover: R :=6

-- surface area of a cuboid

def surface_area(Iwh: 2*I*w+2*|*h + 2*w*h

-- number of cans needed
def cans_needed (surface_area can_cover : R) := ceil
(surface_area / can_cover)

- calculations
def cuboid_surface_area := surface_arealw h
def paint_cans := cans_needed cuboid_surface_area can_cover

#reduce paint_cans -- output should be 9

The Lean 3 formal proof also calculates that John needs 9 cans
of paint, which is consistent with our informal proof.

'— Concept Seeding

Proof

T4

[ Lean Prover |
\ Y

\/

Error=0

# Problem:
# Informal proof:

# Formal proof in
Lean3:

= Proof Filtering -l

Y. Huang et al., MUSTARD: Mastering Uniform Synthesis of Theorem and Proof Data, ICLR 2024
Credit to Zhengying Liu at Huawei Noah’s Ark Lab
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LEGO-Prover (ICLR 2024)

60 (1) total:69

LEGO-Prover = Prover + Evolver @ h‘\

Prover: the prover proves the theorem modularly using “““.“ prect
the retrieved skill.
Input: Prover @ prover J
- informal & formal statement
- 6 retrieved skills from skill library retrieved new
Output: skill skill
- formal proof 2
- new skill
s §
Evolver: the evolver transforms the skill for reusability \ growing skill Llibrary
and generalizability. Evolver
Input: ' L
- Skill in the skill library
Output: J ’@ » 0
- Verified evolved skill \ e cooter a::;{:u /

Wang et al., LEGO-Prover: Neural Theorem Proving With Growing Libraries, ICLR 2024
Credit to Zhengying Liu at Huawei Noah’s Ark Lab
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LEGO-Prover (ICLR 2024)

Table 1: Proving success rates on the miniF2F dataset with Isabelle. The table displays the success rates of
previous works and the LEGO-Prover. The highest success rates for each set are highlighted in bold. LEGO-
Prover® denotes the cumulative pass rate of the miniF2F dataset, considering the total number of problems

solved using model-generated and human-written proofs.

Success rate LLM miniF2F-valid  miniF2F-test
Baselines

Thor (Jiang et al., 2022a) - 28.3% 20.9%
Thor + expert iteration (Wu et al., 2022) Codex 37.3% 35.2%
Draft, sketch, and Prove (Jiang et al., 2022b) Codex 42 6% 3039
Subgoal-Learning (Zhao et al., 2023) ChatGPT 48.0% 455%
Outrs (100 attemprs)

LEGO-Prover (model informal proof) ChatGPT : 45.5%
LEGO-Prover (human informal proof) ChatGPT 55.3% 50.0%
LEGO-Prover* ChatGPT 57.0% 50.0%
Ablations (50 atremprs)

LEGO-Prover ChatGPT 50.4% -

- Skill Library ChatGPT 47.1%

Wang et al., LEGO-Prover: Neural Theorem Proving With Growing Libraries, ICLR 2024

Credit to Zhengying Liu at Huawei Noah’s Ark Lab
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MetaMath: 1B I 2R RIS 58 O LLME = o) @k iR e

Question Bootstrapping )

he purchased 5 packs of beef, each weighing 4 pounds, at a price of $5.50

N
Rephrasing Question: What s the total amount that James paid when
per pound? Answer: ..

[

'

'

'
Meta-Question: James buys 5 1
packs of beef that are 4 pounds each. '
'

1

1

'

'

'

'

'

Q

James buys x packs of beef that are 4
pounds each. The price of beef is $5.50 per pound. He paid 110. What is
the value of unknown variable x? Answel

“The price of beef is $5.50 per pound.
How much did he pay?

FOBAR Question: James buys x packs of beef that are 4 pounds each.
The price of beef is $5.50 per pound. How much did he pay? If we know
the answer to the above question is 110, what is the value of unknown
| \variable x? Answer:

Finetune

Llamaz MetaMath

Answer: He bought 5*4=20
pounds of beef. So he paid 20 * 5.5
=$110. The answer is: 110

Answer Augment: James buys 5 packs of beef that are 4 pounds each,
50 he buys a total of 5 * 4 = 20 pounds of beef. The price of beef is $5.50
\ e pound, so he pays 20 * $5.50 = $110. The answer is: 110

Original Data

MetaMathQA
GSM8K MATH
[ sfT [ RFT [0 WizardMath [ MetaMath [ tramMA2 [ WizardMath [ MetaMath p
26.6
—~ %0 - 7 .
Q) 23 Q 224
X . - S
< 66.5 < 19.8
— =20
9" 0 9
g g
= S5
2 2
<@ <
< o 10
s 3
B oy =

| ‘ ‘ m [
Yu et al.,Metamath: Bootstrap Your Own Mathematical Questions For Large Language Models, arXiv:2309.12284v4
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DeepMind: solve IMO problems at a silver medalist level

Google DeapMind =
@GoogleDeepiind

We're presenting the first Al to solve International Mathematical
Olympiad problems at a silver medalist level,

It combines AlphaProof, a new breakthrough model for formal
reasoning. and AlphaGeometry 2, an improved version of our previous
system. [ dpmd.ai/imo-silver

. Google DeepMind & @GoogleDeepMind - Jul 25

Qur system had to solve this year's six IMO problems, involving algsbra,
combinatarics, geometry & number theory. We then invited mathematicians
@wigowers and Dr Joseph K Myers to oversee scoring.

It sohved ] problems to gain 28 points - equivalent to eaming a silver

medal. |
E Google DeepMind & @GoogleDesphind - Jul 25 (T
For non-geometry, it uses AlphaProof, which can create proofs in Lean. £

It couples a pre-trained language model with the AlphaZera reinforcement
learning algorithrm, which previously taught itzelf to master games like
chess, shogi and Go. dpmd.ai/imo-silver

62 total:69

Score on IMO 2024 problems

ot @
S =
-

Formabaes . Sesie
renmoek et netivork
tipnazero
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MAMETSREELINEHRIESHEE

> LEXRGEFEAR EEDS) MAR— R4 XKIESIRE

> BXMERENGHENE, R THENSRZRSGMBELEINGERHITIINGE,
EHEIRIS T IRARHEIERE

> XL RGHHBFRLZOpenAl o11RE!

> XEERLL RN KIESREEHERE N LAXRIIEENES, BELESERH
FISEEESE, MATEZBIBEINBHTSREMBNHETS RS (F
nOpenAl o1 1R B 7 KL 52 B F Z TR IMOLR AR E S LA
nAlphaGeometryFAlphaProof) .
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OpenAl o1

+ OpenAl o1 2 2024 £ 9 B 12 B OpenAl IERXI9MNEHI—RHT
BB, BZART—H "HHE ERANE—,
- o1 EBEARIEERES:
© ERFMUHFEDM (Codeforces) FHFZSS 89 MEDL
HEEEHFRACTRSE (AIME) RIERPHSEER 500 FFEZT,
. E’WE EMFHCHEENERE (GPQA) Ll T AR FANER

o WRAFREREIETFMRA: ol-preview ] o1-mini, o1-mini
BB, BEENRE, EREAEEIEY.

« EXHIoWRATHIGE -2 B KT,

« 1EELGPT-405HEEY, oliEEAERIIRIE, MAENERS.

© NSRS BRTRASHAINZ. R¥. RESSUHINSREE,
NEEREHEENSMES RN RIR M TR =,

+ ERGEMNTFTE— 1 HEFS, .

TEARBLAGPT/ RIS

 fERRIEEER (strawberry),
BB EE(orion)

+ of{FOpenAl, FFIBFEE

64 (1) total:69

Introducing OpenAl ol-preview

We've developed a new series of Al models designed to spend more time
thinking before they respond. They can reason through complex tasks and solve
harder problems than previous models in science, coding, and math.

OpenAl o1-mini

OpenAl o1-mini excels at STEM, especially math and coding—nearty matching
the performance of Gpendl o1 an evaluation benchmarks such as AIME and
Codeforces. We expect o1-mini will be a faster, cost-effective model for
applications that require reasoning without broad world knowledge,

Learning to Reason with LLMs

OpenAl o1 ranks in the 83th percentile on competitive programming questions
(Codeforces), places amang the top 500 students in the US in a qualifier for the
USA Math Clympiad (AIME), and exceeds human PhD-level accuracy on a
benchmark of physics, biolegy, and chemistry problems (GPOA). While the work
needed to make this new model as easy to use as current models is still ongoing,
we are releasing an early version of this model, OpenAl o1-preview, for
immediate use in ChatGPT and to trusted AP users.



OpenAl o1

- BEE: REXRAN ERE" 5L, FRAESMtoken{THEE, NMESHEARNGELS. ol TS IEERSBRATESHN
token, BidREMNERN. ik, NEFSIREHE AASKE—XESRIES.

- BHEHHERERAR (CoT) : REFEXMEAEERMIRLBEAE/. ESSENSR, AERBIIFZESEE. NRAXER
ESZABNSS SR TONIEE, o REESXMARTIUERFAHIIRER, IESRRAEAEREIINER, FInER
REFOFRAOEIGN, SEFASENSSMER, FREREEREHERSE.

« S RIENERIECEINA (FRBEQY) | B4HENE—SHEAILIESHRR, BMNERYRETHR— ISR, BRIARI
FIRFRCEIFRHTES, BURAINRRMER, FIEIRENRFER,

o ERAD)IGEIRSE: FIRIREOERSTT)IGEIRE — HARHIERIERARRIZ MR, WSS B EdES
ol BEEE T IRSAATIRERY, (FETEMNER AR REESIEN . FliN, FRIIERERRNOMEREMUTIETEEY
B 2, £FPe E TS,

© RAETAZknow-how: OpenAlgEiERINTE BRIRTHAIAIEER FikiEscale-upiiesk, HEUSIXAKNIZH, Hb—FEEaAEN
TiEREEERR, XEFHRERknow-how, EFRETZH.
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OpenAl o1 2— " HEAFF S R&IE?

> o1 IZEBEXRALeaniEEXHEXNTS RS, FALEEIMOERE LIZERFIE
F|AlphaProofflAlphaGeometry27k 3
> {BolERFFEMIRIENEIIZGF, MIZRATEMTS RS, #ED
MEEmMIER:
> XBMFSRE, REENER, TUR—MEENFHELRRS, FIMER
R A& RGound Truth—2;
> BEEZAMIER, BALR—1Python5|%, BFHIMERMNRBREARNESE
ITBEIERNER;
> g GFRIEBESRERET) MERNNTSRETRIES SHK,
OpenAlxfol Bl IRA B MERIESED, REHENEEAEK.

> OTHIEIESESRA THAMSEANAN: NIZRE.
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ETransformerZZ# b 5| N fFF ST EER
> HEl, KESHEERGES RSO —EOMR2tokenFF: 12 RITHN+EET

£ R
> R FARENNMRET, DRELLREMEGokenFY (EERER) +HRA
BEHELE

> MW IEHNTEMNEIRRTR, BERBL I8 THRENSGHMES, BEREXIE
EEARMEERBERETENEIER
> EEAIREAE TransformerZ2h EIESINFT ST EER?
> EARPEEDR, NMFERER, AESHEEATRSIAFTSHEERRE—ENSIEME
> XS IBERFOZEE B EIRMIES . XRZFAEGRRBIEXHFS, MANR

2tokens

Symbolic Symbolic
Engine |:> )E’ngine LLM

NOAH'S
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B 45 : MTransformerdr 2 B BT 5 B0 HFE

> EH—RIEXHHEESREENTIE, AU TransformerfisE 42 7t Hh 2 B AT AR U4,
ijTransformerEF'*E)\_Iﬁﬁ*ﬂ—I??E?iﬂ’]?zf??ﬁﬂﬁﬂﬁhﬁi\T_I““'l“i

> XAEMNARDATLET RN, TARZEBMBRHFER, BENEKX,

Language Model Sparse Autoencoder Feature Dictionary

] WEMED ] Activation Vector Feature | Meaning Interpretability

= LB : Score
Encoder matrix
0 < k = N Transformer Blocks {tied with decoder) w0001 | Words ending ining” | 0.56
Text Gorpus C—————— 1 Add bias + apply ReLU \ I |

CMCOBCUECT | sparse feature coefficients ke
Decoder matrix (dictionary|
[ mEmmc H .

| Reconstructed activation vector ¢. Interpeet the resulting
b. Leamn a feature dictionary using an autoencader dictionary features

that learns to represent activation vectors as a
sparse linear combination of feature vectors,

k-2048 | Chemistry terms 0.38

[ Unembedding i)

a. Sample activations
from a language madel

References:
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