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Transtformer-based model for symbolic regression
via joint supervised learning
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Given a dataset (X,y), where each feature X; € R" and target y; € R, the
goal of symbolic regression is to identify a function f (i.e., y = f(X): R" - R)
that best fits the dataset, where the functional form of f is a short closed-
form mathematical expression.

The law of
universal gravitation

Deep Learning

F = Relu(WRelu(WX ...) + b)

S ?’M*? R

a"u 4
T University of Chinese Academy of Sciences




Deen Learning Us Symbolic Regression

Deep Learning

o - 537 - Il

input neural network

¥

s

DALL-E 2

DALL'E 2 is a new AI sy stem that can create realistic 1muge &d art
from a description in natural language. S

output

ChatGPT

Powerful fitting capability

Over-Fi’r’ring risk

Uninterpretable

Symbolic Regression

I

f(x,y) = 2x? + 3y?

Mathematical expression

observed data

_ hw? B Gmym,
2c2 (eho/kT — 1) T — 22+ (O —Y2)? + (21— 22)?

Feynman
LECTURES ON PHYSICS

-

Interpretable

Good generalization

aaaaaaaaaaaaaa

large search space  Inefficient solving
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1. Encode data points

: ) SymbolicGPT [Valipour et al., 2021]
Typical approach 2. Predict the pre-order traversal
3. Compute cross-entropy loss NeSymRes  [Biggio et al., 2021]
Pre-order
H _ F] — Transformer — [+, sin, x, exp, y] — Cross-entropy loss
fI 114
i
train

Shortcomings:

[
)

- Low-quality feature extraction from data points

[
)

-~ Skeletons provide ill-defined supervision

University of Chinese Academy of Sciences




'/u:contrastive + (1T - A)Lcross—entropy

C1x* + Cpy? Residual Point Block Softmax
Skeleton . SeEEoREEE R e TT e e ==
: XN, =’ Add & Norm \\l
x
y| = ; — Residual Point Block : I |
f 14 | . Feed Forward i
o N Max Pooling - : : <N
¥ ' | Add & N L

Residual Point Block : | cebdh :
I 1
1
: XN, :\ Masked Multi-Head Attention |
\ /

Residual Point Block

Geometric Affine Module

f(x,y) = 2x% + 3y?

!

S e — e - ————————— -

_________________

Points Feature Vector

| S—

!

Token Embedding

Positional Embedding

Pre-order of expression tree

Feature Extractor Expression Generator

Advantages :

Use a pure residual MLP feature extractor for extracting rich features of data targeting SR tasks, which
~E£  aids the expression generator in producing more correct expression skeletons

Train with a joint supervised learning mechanism combining supervised contrastive learning (CL), which

alleviates the ill-posed problem effectively |
Y PaTRXE
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TR o e e [
o7 pil el e el e v |
T T Method | Recovery rate (%)
- W et R SymbolicGPT 50.3 £ 1.7
e e NeSymReS 63.4+1.1
o iR - Ours w/o CL 69.7 + 0.9
MR HE-- R n"'._.... . Ours w/ CL 752+ 1.3

U
0 5 10 15 20 25 30 35 40 45 0 5 10 15 20 25 30 35 40 45
S .

(a) SymbolicGPT (b) NeSymReS (c) Ours w/o CL (d) Ours w/ CL Recovery rate of eq. skeleton

1.2sin(x,) + 1.5 cos(x,) + 0.6 = datal -

2.2 sin(x;) + 1.2 cos(x,) + 0.1 = data2

{

Our Model — asin(x;) + bcos(x,) + ¢ ™  BFGS

3.6 sin(x;) + 0.9 cos(x,) + 1.2 = data3 - Pred. correct skeleton @

Eq. with same skeleton

&R Va7 RRT
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0 10 20 30 40 50

Number of expressions with different constants

Ours SymbolicGPT  NeSymReS DSO GP
Benchmark  R? % RA% R % RZ R4
Nguyen 0.99999 0.64394 0.97538 0.99489 0.89019
Constant 0.99998 0.69433 0.84935 0.99927  0.90842
Keijzer 0.98320 0.59457 0.97500 0.96928  0.90082
R 0.99999 0.71093 0.99993 0.97298 0.83198
Al-Feynman 0.99999 0.64682 0.99999 0.99999 (0.92242
SSDNC 0.94782 0.74585 0.85792 0.93198 0.88913
Overall avg. 0.98850 0.67274 0.94292 0.97806 0.89049

Restart times of BFGS

20

) PAHTRRT
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Thank you !




