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

11 total:36

(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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MetaMath: 18

Meta-Question: James buys 5

packs of beef that are 4 pounds each.

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

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

Original Data

Ve

[
'
'
1
1
1
1
1
'
1
1
1
1
'

-

[pwnds each. The price of beef is $5.50 per pound. He paid 110. What is

variable x? Answel
~

Rephrasing Question: What s the total amount that James paid when
he purchased 5 packs of beef, each weighing 4 pounds, at a price of $5.50
per pound? ANSWer: ..

Self-Verification Question: James buys x packs of beef that are 4

)

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
per pound, so he pays 20 * $5.50 = $110. The answer is: 110

the value of unknown variable x? ANSWer: ......

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

i

J

GSM8K

MetaMathQA
MATH

[ WizardMath

IR B AR 38 D LLM B = [a] 5K R B

2

Finetune
MetaMath

LLaMA-2

[ MetaMath [ LLaMA-2

b

224

19.8

k3 2

Test Accuracy (%)

[ sFT [ RFT

[

s 663
)

g

=

31

2w

<

3

L)

7B

[ WizardMath

B MetaMath, |

[

|—1133

Yu et al.,Metamath: Bootstrap Your Own Mathematical Questions For Large Language Models, arXiv:2309.12284v4
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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

16 (1) total:36 g@ HUAWEI ngilﬂ;n



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
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The Curry-Howard Isomorphism &} 2 -E L& [E] 44

16 (3) total:36

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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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

18 total:36 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

19(1) total:36 Sz Huawel FRSETA



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

19(2) total:36 Sz Huawel FRSETA



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

19.(3) total:36 S Huawer FFASEY Ko



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

19.(4) total:36 S Huawel ERSET Ao



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

19 (5) total:36
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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

19 (6) total:36
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Interaction between the prover (Lean) and the language model

lean-gym [1] provides a theorem proving environment

i
VN |
i

lean-gym

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

Credit to Zhengying Liu at Huawei Noah’s Ark Lab

20 (1) total:36
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language model
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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

20 (2) total:36 Sz Huawel FRSETA



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

20(3) total:36 S Huawer FFASEY Ko



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

20 (4) total:36 M2 HuAwWEl E NSRS,



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

20 (5) total:36 M2 HuAwWEl E NSRS,



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

21 total:36

Model
- Expansion & Evaluation
- Backpropagation
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'.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)

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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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

24 total:36

Score on IMO 2024 problems
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INEE, 78 X MSemantic Web

> ZEWICHZT, iEXME—ELLREENEANIEERAK R, BIERDF,
Schema. Ontology. N-Tuples. SPARQLE, B&#iiRiBiEMFRILEED

OWL 2 Full | AFRESIEES J

RDFS+

RS OWL Full

RDF

SIREEIES: RDF and OWL W3CIE X F AR
Slides: #13%: MBS RE| AR EE——WebHIR A REZST
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26 total:36
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HREESMEMENES

> BN AR EE R AR LB SRR, BEE AR RESLE P IIE X AERMEER
EFE, TE&RITH
> FESCEEH, FREEREAKEN, NNERFAZTHEEHWSEEEFEREE, 1)L
BB R
> BHEN=THAXMMREE (BIFEREL) FRS|IENESEFESITE MK
BTEMZHNA
> FEEAGY, MINEENATEIENIRBEEXEXRNCE, HR5KIESEEAEL
> BEERXAEIREE (Free-Text Knowledge Graph) fiFXfSEiAFIXRZRAEEBRIE
Bk, A—ERE LERAIREILERIEENINAE, BRARZR.
> 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
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> HHLLIES, BGATURETES. EEUNESR:

ERESH
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= . e AR -]
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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

31 total: 36 S Huawel SRASLY

'S
LADG



& (Graph) {EAXKESEEMNFAFSHEIRED

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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> it : Generation
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X Etokens
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Scaling and evaluating sparse autoencoders (OpenAl)
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> BRESERBANTSRAER, AUERROWENEKIESIRE, HEEE
EEIXoTE 55k,
> EXEEBEEEESS5REFIES. PN ESREMNFTSRAER, BEsIA
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SEAHIEIRRE ST,
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Thank you!

IMYFHREANGIA, FIRE,
BMEAR, WEAYERNEEEHF.
Bring digital to every person, home and organization
for a fully connected, intelligent world.

Copyright©2018 Huawei Technologies Co., Ltd.
All Rights Reserved.

The information in this document may contain
predictive statements including, without limitation,
statements regarding the future financial and
operating results, future product portfolio, new
technology, etc. There are a number of factors that
could cause actual results and developments to
differ materially from those expressed or implied in
the predictive statements. Therefore, such
information is provided for reference purpose only
and constitutes neither an offer nor an acceptance.
Huawei may change the information at any time
without notice.
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