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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
orm=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)



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
Soundness theorem
Completeness theorem

Incompleteness theorem

System primitive
Compiler
Debugger

Infinite loop
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Glyce: Glyph-vectors for Chinese Character
Representations

Glyce-BERT Emb

Classification

/

"] BERT Emb

Yuxian Meng®*, Wei Wu*, Fei Wang®, Xiaoya Li*, Ping Nie, Fan Yin
Muyu Li, Qinghong Han, Xiaofei Sun and Jiwei Li
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Sentence
Pair
Task-specific Emb Task-specific Emb Classification

Figure 3: Using Glyce-BERT model for different tasks.

DR IN DRy
Shannon.Al Y
{yuxian_meng, wei_wu, fei_wang, xiaoya_li, ping_nie, fan_yin,

muyu_li, ginghong_han, xiaofei_sun, jiwei_li } @shannonai.com

Figure 2: Combing glyph information with BERT.

Dependency Parsing
Model UAS LAS
Ballesteros et al. [2016] 87.7 86.2
Model ChnSentiCorp  the Fudan corpus  iFeng Kiperwasser and Eliyahu [2016] ~ 87.6  86.1
_‘_ 7 Ali A Input Character Image LSTM 9] 7 958 849 Cheng etal. [2016] 88.1 85.7
S A LSTM + Glyce 93.1 96.3 85.8 Biaffine 89.3 882
(+ 1.4) (+0.5) (+0.9) Biaffine+Glyce 902 89.0
| 4 | on BERT 95.4 99.5 871 . _(+0.9) (+0.8)
IR URE Glyce+BERT 95.9 99.8 87.5 Semantic Role Labeling
(+0.5) (+0.3) (+0.4) Model P R F
Figure 1: Hlustration of the Tianzege-CNN used in Glyce Roth and Lapata [20-16] 769 738 53
' ' Table 6: Accuracies for Single Sentence Classification task. Marcheggiani and Diego [2017] ~ 84.6 80.4 82.5
He et al. [2018] 84.2 81.5 82.8
k-order pruning+Glyce (-?-?];) (E(z)é) (?_3;)

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

Logan Murphy ! © Kaiyu Yang?” Jialiang Sun

Proposition 1 theorem proposition_1 : ¥ (a b : Point) (AB : Line),

To construct an equilateral triangle on a given finite

distinctPointsOnLine a b AB -

straight-line. 3 c : Point, |(c-a)| = |(a-b)| n |(c-b)| = |(a-b)|

L
f/ m \\
[ ;"E/ \\'B \

) A E|
I‘\
A\

Let AB be the given finite straight-line.

So itis required to construct an equilateral triangle on
the straight-line AB.

Let the circle BC'D with center A and radius AB have
been drawn [Post. 3], and again let the circle ACE with
center B and radius B A have been drawn [Post. 3]. And
let the straight-lines CA and C'B have been joined from
the point ', where the circles cut one another, to the hy
peints A4 and B (respectively) [Post. 1].

And since the point A is the center of the circle CDB,
AC is equal to AB [Def. 1.15]. Again, since the point
B is the center of the circle CAE, BC is equal to BA
[Def. 1.15]. But C'A was also shown (to be) equal to AB.
Thus, C'A and C'B are each equal to AB. But things equal
to the same thing are also equal to one another [C.N. 1].
Thus, €A is also equal to CB. Thus, the three (straight-
lines) C'A, AB, and B(' are equal to one another.

Thus, the triangle ABC is equilateral, and has been
constructed on the given finite straight-line AB. (Which
is) the very thing it was required to do.

Informal Euclidean geometry problem

Ground truth theorem

theorem proposition_1' : ¥ (a b : Point) (AB : Line),

.onLine AB A b.onLine AB A @ # b =

\ | /
I /
\ / / ‘:>
a
\\H,,,.\)@{.,_,// 3 ¢ : Point, [(a=c)| = [(c=b)| A [(a-c)| = [(a-b)]|

Autoformalized theorem

euclid_intros

euclid_apply circle_from_points a b as BCD
euclid_apply circle_from_points b a as ACE
euclid_apply intersection_circles BCD ACE as ¢
euclid_apply point_on_circle_onlyif a b c¢ BCD
euclid_apply point_on_circle_onlyif b a ¢ ACE
use ¢

euclid_finish

Autoformalized proof

z3

1

Zhaoyu Li' Anima Anandkumar? Xujie Si'

Equivalent? l

T 7
 CVC5, x
SMT-based symbolic
reasoning engine

| VN
=

Diagrammatic reascning gaps

a b : Point

AB : Line

BCD ACE : Circle
isCenter a BCD
onCircle b BCD
isCenter b ACE
onCircle a ACE

I intersects BCD ACE

Z3
Y
/cves,

Z3
(I

B = S F0F
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Category

GPT-4

1-shot

5-shot

GPT-4V
| -shot

5-shot

Triangle
Similarity
Congruent

Quadrilateral

Parallel

35%
5%
5%

35%
5%

45%
15%
25%
25%
15%

45%
10%
15%
20%

5%

70%
15%
25%
30%
15%

Overall

17%

25%

| 19%

31%
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LayoutGPT: Compositional Visual Planning and
Generation with Large Language Models

Weixi Feng'* Wanrong Zhu'* Tsu-jui Fu! Varun Jampani’> Arjun Akula?®
Xuehai He? Sugato Basu? Xin Eric Wang®  William Yang Wang!
lUniversity of California, Santa Barbara
2Google
3Univers;ity of California, Santa Cruz
https://github.com/weixi-feng/LayoutGPT

% (image) o DIFSBhRAINZE E TS S ANHETE

[2D Numerical Reasoning] There are three elephants
standing beside a pool of water.

StableDiffusion  Attend-and- LayoutGPT
+ GLIGEN

__Excite

[3D Living Room] Room Type: Living Room;
Room Size: 7.7m x 3.6m
ATISS LayoutGPT

o
e

Furnitures

Out-of-Boundary

[N

[2D Spatial Reasoning] A carrot and some onion next to
a knife on a cutting board.
StableDiffusion  Attend-and- LayoutGPT

+ GLIGEN

[3D Bedroom] Room Type: Bedroom;
Room Size: 3.0m x 4.8m
ATISS LayoutGPT

b

>

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.
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ERNIE: Enhanced Language Representation with Informative Entities

Zhengyan Zhang'>**, Xu Han">%*, Zhiyuan Liu' 3!, Xin Jiang’, Maosong Sun'??, Qun Liu*

IDepartment of Computer Science and Technology, Tsinghua University, Beijing, China
“Institute for Artificial Intelligence, Tsinghua University, Beijing, China
3State Key Lab on Intelligent Technology and Systems, Tsinghua University, Beijing, China
“Huawei Noah’s Ark Lab
{zhangzhengyanld4, hanxul7}@mails.tsinghua.edu.cn

Model MNLI-(m/mm) QQP  ONLI  SST-2 s
392k 363k 104k 67k R ,
BERTgase |  84.6/83.4 712 i 93.5 e '
ERNIE | 84.0/83.2 71.2 91.3 93.5
Model CoLA STS-B MRPC RTE .
8.5k 3.7k 3.5k 2.5k o Mt Head Atteniion ] [ Ml Head Attntion ]
l-Encoder Nx i 1 t i i
BERTgase | 52.1 85.8 889 664 . T T
Token Input w:-‘"l u"f” woo [ufiY ! £G=1)  Entity Input
ERNIE | 52.3 83.2 88.2 H&.8 e e - Fee By Sou e tine
Token Input Bob Dylan wrole Blowin' in the Wind in 1962
(a) Model Achitecture (b) Aggregator

Table 6: Results of BERT and ERNIE on different tasks Figure 2: The left part is the architecture of ERNIE. The right part is the aggregator for the mutual

Df GLUE {% } integration of the input of tokens and entities. Information fusion layer takes two kinds of input: one is the
token embedding, and the other one is the concatenation of the token embedding and entity embedding.
After information fusion, it outputs new token embeddings and entity embeddings for the next layer.
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