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APPENDIX FOR “CHATSR: CONVERSATIONAL
SYMBOLIC REGRESSION”

A APPENDIX: DETAILED SETTINGS OF HYPERPARAMETERS DURING
TRAINING THE SETTRANSFORMER.

Table 3: Hyperparameters of SetTransformer

hyperparameters Numerical value
N_p 0
activation ‘relu’
bit16 True
dec_layers 5
dec_pf_dim 512
dim_hidden 512
dim_input 3
dropout 0
input_normalization False
length_eq 60
linear False
In True
Ir 0.0001
mean 0.5
n_l_enc 5
norm True
num_features 20
num_heads 8
num_inds 50
output_dim 60
sinuisodal_embeddings False
src_pad_idx 0
std 0.5
trg_pad_idx 0
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B APPENDIX: DETAILS OF THE EXPRESSIONS FOR THE VARIOUS PROPERTIES
INVOLVED IN THE ZERO-SHOT EXPERIMENT

To test ChatSR’s Zero-shot capability, we designed some properties not included in the training dataset
for testing. They include Continuous Monotonic Decreasing, Continuous Globally Monotonically
Increasing, Origin-Centered Symmetric, Continuous Convex and Continuous Concave are the five
properties. For each property, 10 functions satisfying this property are designed. The form of the
function is as follows Table 4l5[6L7]I8]

Function Index Expression Domain
1 f(x)——x—ln(x+l) x>0
2 flx) = x? R
3 flz) = :c+1 - \/E x>0
4 f(x) =10 — 2% — arctan(x) R
5 flx) = —In(z+2) x>0
6 flz)=e" cos()—&—m—+1 x>0
7 flz)=—-In(z+1)+27%5 x>0
8 f(:c):\/aT—?)ln( +2) x>0
9 flz) = R
10 flx) = tan_l(x) x>0

Table 4: List of Continuous Monotonic Decreasing Functions

Function Index Expression Domain
1 f(z) =z +In(x? +1) R
2 flx) = e + 22 R
3 f(x) =« + arctan(z) R
4 flz)=avaz?+1 R
5 flx) =23+ 3z R
6 flz)=z+Vz+2+In(z?+1) x> =2
7 f(z) =e" 4+ In(z? + 1) R
8 fz)=vVa2+1+a3 R
9 f(z) =z + arcsin(tanh(z)) R
10 fz)=In(z+2)+e* x> —2

Table 5: List of Continuous Globally Monotonically Increasing Functions
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Function Index Expressions Domain
1 f(z) = zsin(x) r€eR
2 f(x) =323 — 22 zeR
3 f(z) =log(l 4+ z) —log(1 — x) ze(-1,1)
4 f(z)=e"—e " zeR
5 f(z) = arctan(z) — arctan(—=x) reR
6 f(z) = z(2? + 3) r€R
7 flx) =a® —102® + 92 zeR
8 f(z) = sinh(x) = em*;ﬁ reR
9 flz) =Tz — 2" reR
10 f(z) = z cos(x) + sin(x) zeR

Table 6: Expressions that are Origin-Centered Symmetric (Odd Functions)

Function Index Expression Domain
1 flx) =2 +22%2 +1 reR
2 flx) = e® + 22 R
3 f(x) = 2% +log(1 + %) reR
4 f(x) = xsinh(x) + cosh(z) zeR
5 flx)=a2?+Va? +1 reR
6 fla)=e —z zeR
7 f(z) = 2% + arctan(x) zelR
8 flz)=+v1+e* reR
9 f(z) =z +log(l+2?) r€R
10 fla)=a8+at -3+ +e® reR

Table 7: List of Continuous Convex Functions

Function Index Expression Domain
| flx) = —a*+ 222+ 1 zeR
2 flx)=—e"+3z—-2 rzeR
3 f(z) = —2% +log(1 + 2?) r€R
4 f(z) = —cosh(z) zeR
5 flx)=—2? — Va2 +1 rz€eR
6 fz) = —e®/? — g2 zeR
7 f(z) =log(l+e ") reR
8 f(@)=—V1+22 reR
9 flx) = —log(z? + 1) zeR
10 fl@)=—ab—a* 428 —z e reR

Table 8: List of Continuous Concave Functions

C APPENDIX: TEST DATASET IN DETAIL

Table PITO[TT|shows in detail the expression forms of the data set used in the experiment, as well as
the sampling range and sampling number. Some specific presentation rules are described below

* The variables contained in the regression task are represented as [z1, 2, ..., Ty ].
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* U(a,b,c) signifies ¢ random points uniformly sampled between a and b for each input
variable. Different random seeds are used for training and testing datasets.

* E(a,b, c) indicates c points evenly spaced between a and b for each input variable.

Name Expression Dataset
Nguyen-1 3+ a2t o U(—1,1,20)
Nguyen-2 i +2f +at+ay U(-1,1,20)
Nguyen-3 m‘;’ +x‘11 +z‘;’+mf + 1 U(—-1,1,20)
Nguyen-4 z?+x‘;’+x%+zf+a:f+z1 U(-1,1,20)
Nguyen-5 sin(z?) cos(xy) — 1 U(-1,1,20)
Nguyen-6 sin(z1) + sin(zy + x3) U(—1,1,20)
Nguyen-7 log(z1 + 1) + log(z? + 1) U(0, 2, 20)
Nguyen-8 VZ1 U(0, 4, 20)
Nguyen-9 sin(z1) + sin(z3) U(0, 1, 20)
Nguyen-10 2sin(z1) cos(z2) U(0, 1, 20)
Nguyen-11 z7]? uU(0, 1, 20)
Nguyen-12 zt — a8+ 123 —ao u(0, 1, 20)
Nguyen-2’ 4zt + 328 4 222 + x4 U(—-1,1,20)
Nguyen-5’ sin(x?) cos(xy) — 2 U(—1,1,20)
Nguyen-8’ KTy U(0, 4, 20)
Nguyen-8'/ $/x? U(0, 4, 20)
Nguyen-1¢ 3.392% 4 2.122% + 1.78x U(-1,1,20)
Nguyen-5° sin(z?) cos(z) — 0.75 U(-1,1,20)
Nguyen-7¢ log(x 4 1.4) + log(z? + 1.3) u(0, 2, 20)
Nguyen-8° V1.23z U(0, 4, 20)
Nguyen-10° sin(1.5z) cos(0.5z2) U(0, 1, 20)

Korns-1 1.57 + 24.3 % U(-1,1,20)

Korns-2 0.23 + 14. 2% U(-1,1,20)

Korns-3 Gammtiy oy U(~1,1,20)

(323)) '

Korns-4 0.13sin(x1) — 2.3 U(-1,1,20)

Korns-5 3+ 2.13log(|xs5]) U(-1,1,20)

Korns-6 1.3+ 0.13/]z1| U(—1,1,20)

Korns-7 2.1(1 — e~ 0:5521) U(—1,1,20)

Korns-8 6.87 + 11/|7.23z 1 z4w5| U(—1,1,20)

Korns-9 124/]4.231 w23 U(-1,1,20)
Korns-10 0.81 + 24.3%1’::2;% U(-1,1,20)
Korns-11 6.87 + 11cos(7.23z%) U(—1,1,20)
Korns-12 2 — 2.1cos(9.823)sin(1.3z5) U(-1,1,20)
Korns-13 32.0 — 3.04HE1) Laniea) U(-1,1,20)
Korns-14 22.0 — (4.2cos(z1) — tan(rg))% U(—1,1,20)
Korns-15 12.0 — &2 @) (jog(a5) — tan(es))))  U(-1,1,20)

Jin-1 2.5z7 — 1.32% + 0.525 — 1.7z U(—3, 3,100)

Jin-2 8.022 + 8.0z3 — 15.0 U(—3,3,100)

Jin-3 0.22% 4 0.5z — 1.2z — 0.5z, U(—3,3,100)

Jin-4 1.5expx + 5.0cos(z2) U(-3,3,100)

Jin-5 6.0sin(x1)cos(x2) U(-3, 3, 100)

Jin-6 1.35z122 + 5.5sin((z1 — 1.0)(z2 — 1.0))  U(-3, 3, 100)

Table 9: Specific formula form and value range of the three data sets Nguyen, Korns, and Jin.
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Name Expression Dataset
Neat-1 zi+ad +al t o U(-1,1,20)
Neat-2 z‘i’—l—z‘f—&-r? +z?+m U(—-1,1,20)
Neat-3 sin(z2) cos(z) — 1 U(—1,1,20)
Neat-4 log(z + 1) + log(z} + 1) U(0, 2, 20)
Neat-5 2 sin(z) cos(wa) U(-1,1,100)
Neat-6 S E(1, 50, 50)
Neat-7 2 — 2.1co0s(9.8x1) sin(1.3x2) E(—50, 50, 10°)
Neat-8 (@) U(0.3, 4, 100)

1.2+ (xg9—2.5)2

Neat-9 ﬁ + ﬁ E(-5,5,21)
Keijzer-1 0.3z1sin(27w1) U(-1,1,20)
Keijzer-2 2.021 sin(0.5721) U(-1,1,20)
Keijzer-3 0.92z1sin(2.417wwy) U(—-1,1,20)
Keijzer-4 z3e 1 cos(xy)sin(z1)sin(z1)?cos(z1) — 1 U(—-1,1,20)
Keijzer-5 3+ 2.13log(|zs5]) U(-1,1,20)
Keijzer-6 zlzi+l) U(—1,1,20)
Keijzer-7 log(z1) U(0, 1, 20)
Keijzer-8 V(z1) U(0, 1, 20)
Keijzer-9 log(a1 + /2% + 1) U(-1,1,20)
Keijzer-10 z7? U(-1,1,20)
Keijzer-11 z1zo + sin((x1 — 1)(z2 — 1)) U(-1,1,20)
Keijzer-12 zt— 23+ é — x3 U(—1,1,20)
Keijzer-13 6sin(zi)cos(wa) U(-1,1,20)
Keijzer-14 m U(-1,1,20)
Keijzer-15 151 + 22—y -y U(-1,1,20)

Livermore-1 1421 + sin(z?)) U(—3,3,100)
Livermore-2 sin(x?) * cos(xl) — 2 U(-3,3,100)
Livermore-3 sin(z3) * cos(x?)) — 1 U(—3,3,100)
Livermore-4 log(z1 4+ 1) 4 log(z? 4+ 1) + log(z1) U(-3, 3,100)
Livermore-5 z} — 2 42—y U(—3, 3, 100)
Livermore-6 4zt 4 323 + 227 + oy U(-3, 3,100)
Livermore-7 (ezp(ol)—eap(my)y U(—1,1,100)
Livermore-8 %\W U(-3, 3,100)
Livermore-9 m? + fc? + zz + m‘f’ + x‘;’ + :l)? + r? + :c? + z1 U(—1,1,100)
Livermore-10 6 * sin(x1)cos(x2) U(—3,3,100)
Livermore-11 %géz) U(-3, 3, 100)
Livermore-12 % U(—3,3,100)
Livermore-13 931% U(—3,3,100)
Livermore-14 3 + 22 + 21 + sin(z1) + sin(xl) U(-1,1,100)
Livermore-15 3"1% U(-3, 3,100)
Livermore-16 "E1% U(-3,3,100)
Livermore-17 4sin(x1)cos(xa) U(-3,3,100)
Livermore-18 sin(x?) * cos(x1) — 5 U(—3,3,100)
Livermore-19 z? + m‘f + z? + 2 U(-3,3,100)
Livermore-20 e(=1) U(—3, 3, 100)
Livermore-21 2+l +abradral+ad 4224 U(—-1,1,20)
Livermore-22 e(—0:529) U(—3,3,100)

Table 10: Specific formula form and value range of the three data sets neat, Keijzer, and Livermore.
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Name Expression Dataset

. (e—(=1-1)%)
Vladislavleva-1 T2z 252 U(-1,1,20)
Vladislavleva-2 e~ 123 cos(x1)sin(z1)(cos(x1)sin(z1)? — 1) U(—1,1,20)
Vladislavleva-3 e~ *1z5cos(xq)sin(z1)(cos(z1)sin(z1)? — 1)(z2 — 5) U(-1,1,20)

. : 10
Vladislavleva-4 FR P S N i B W G . W ppis - prpgy U(0,2,20)
Vladislavieva-5 30(zy — 1)(&3%110)13 U(—1,1,100)
Vladislavleva-6 6sin(x1)cos(xzz) E(1, 50, 50)

Vladislavleva-7

2 — 2.1cos(9.82) sin(1.3z2)
o (z—1)2

E(—50, 50, 10°)

Vladislavleva-8 o ey 252 U(0.3,4,100)
Test-2 3.14a2 U(—1,1,20)
Const-Test-1 522 U(-1,1,20)
GrammarVAE-1 1/3 + z1 + sin(z?)) U(—1,1,20)
Sine sin(z1) + sin(z; + z2)) U(-1,1,20)
Nonic :E'(f+w§+x;+w?+z?+x%+z?+aj%+m1 U(-1,1,100)
Pagie-1 1+w1_4+112+11274 E(1, 50, 50)
Meier-3 % E(—50, 50, 10°)
Meier-4 % U(0.3, 4, 100)
Poly-10 r1T2 + 324 + T5T6 + T1T7T9 + T3TET10 E(—-1,1,100)
Constant-1 3.39 % x5 + 212 x 2] + 1.78 * 21 U(—4,4,100)
Constant-2 sin(z?) * cos(z1) — 0.75 U(—4,4,100)
Constant-3 stn(1.5 * x1) * cos(0.5 * o) U (0.1, 4,100)
Constant-4 2.7 % 272 U(0.3,4,100)
Constant-5 sqrt(1.23 x x1) U (0.1, 4,100)
Constant-6 x9-426 U (0.0, 4,100)
Constant-7 2 % sin(1.3 * x1) * cos(zsa) U(—4,4,100)
Constant-8 log(z1 + 1.4) + log(x1,2 + 1.3) U(—4,4,100)
RI %’217?{;) U(-5,5,100)
R2 oy 8wyl U(—4,4,100)
i
R3 S Ews e swven) U(—4,4,100)

Table 11: Specific formula form and value range of the three data sets Vladislavleva and others.
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D APPENDIX: CHATSR TESTS ON AIFEYNMAN DATASET.

In our study, we conducted an evaluation of our novel symbol regression algorithm, termed ChatSR,
leveraging the Al Feynman dataset, which comprises a diverse array of problems spanning various
subfields of physics and mathematics, including mechanics, thermodynamics, and electromagnetism.
Originally, the dataset contained 100,000 data points; however, for a more rigorous assessment of
ChatSR’s efficacy, our analysis was deliberately confined to a subset of 100 data points. Through the
application of ChatSR for symbol regression on these selected data points, we meticulously calculated
the R? values to compare the algorithm’s predictions against the true solutions.

The empirical results from our investigation unequivocally affirm that ChatSR possesses an excep-
tional ability to discern the underlying mathematical expressions from a constrained sample size.
Notably, the R? values achieved were above 0.99 for a predominant portion of the equations, under-
scoring the algorithm’s remarkable accuracy in fitting these expressions. These findings decisively
position ChatSR as a potent tool for addressing complex problems within the domains of physics and
mathematics. The broader implications of our study suggest that ChatSR holds considerable promise
for a wide range of applications across different fields. Detailed experimental results are presented in
Table [[2]and Table [[31
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Feynman | Equation R?
1620a | f=e%/2/\2n 0.9989
2
1.6.20 f=e 37 /\/2ng? 0.9973
(6—61)2
L620b | f=e 2% /\/27mo? 0.9421
1.8.14 d=+/(z2 — 21)2 + (Y2 — y1)? 0.9413
_ Gmim
19.18 F= (%2—961)2+(g2—ly1)22-‘r(22—21)2 0.9835
_ mimo
1.10.7 T (z2—z1)2+(y2—y1)2+(22—21)? 0.9724
1.11.19 A =z1y1 + T2y2 + T3Y3 0.9891
112.1 F = uN, 0.9956
1122 oy 0.9999
1.12.4 Ep = ;4 0.9939
1125 F=qg 0.9999
L12.11 F = Q(Es + Busin6) 0.9983
L13.4 K = im(v® +u* + w?) 0.9913
L1312 | U= Gmima(35 — ) 0.9859
1.14.3 U =mgz 1.0
2
L14.4 U = spring™ 0.9926
— x—ut
_ t—uz/c?
1153t t = N 0.9732
— mov
11510 | p= Ny 0.9810
1.16.6 v = e 0.9984
1.18.4 r = mirdmars 0.9818
1.18.12 T =rFsinf 0.9928
1.18.16 L =mrvsin6 0.9993
1.24.6 E = im(w® 4+ wj)a® 0.9981
1.25.13 Ve=1% 1.0
1.26.2 01 = arcsin(n sin 02) 0.9992
127.6 fr= 1% 0.9914
ay Ty
1.29.4 k=2 1.0
1.29.16 r = /1} +2:cg — 22122 cos(01 — o) 0.9827
_ sin“(n6/2)
1.30.3 L= Lo “5gyfe 0.9937
1.30.5 0 = arcsin(2) 0.9917
1325 | P=ZL% 0.9933
1.32.17 P = ($ecE7)(8nr?/3)(w/(w® — wj)?) | 0.991
1.34.8 w =1 0.9999
13410 | w= 20 0.9913
_ 14+v/c
13427 | E=hw 0.9972
1.37.4 L.=T+1I>+2VTiT; cos 0.9827
13812 | r= iz 0.9983
139.10 | E=3prV 0.9965
1.39.11 E=LprV 0.9792
y—1
13922 | Pp = "kl 0.9935
V mgs
1.40.1 n =mnge *T 0.9799
14116 | Lygg = — 1 0.9983
7r2c2(ekb7T —1)
143.16 | v = tarifedVe 0.9981
1.43.31 D = pckyT 1.0
14343 | k= Aphe 0.9347
1.44.4 E = nk,Tn(2) 0.9024
14723 | c= /2" 0.9724
m62
1.50.26 x = z1[cos(wt) + a cos(wt)?] 0.9999

Table 12: Tested Feynman Equations, part 1.

22




Under review as a conference paper at ICLR 2025

Feynman | Equation R?
242 | p=rTA 0.8824
1324 | Fe= 0.9820
423 | Vo= L 0.9888
IL6.11 | Vo= ;o 2acgel 0.9837
L6.15a | By = 2. 24%./22 + 2 0.9235
1L6.15b | By = ;224 cosfsin6 0.9928
1.8.7 E=3.2 0.9827
2
M831 | Egen = 0.9999
109 | By = Zen L 0.9933
IL11.3 = 0.9918
m WO —w
IIL7 | o= mno(1+ PA0LE20) 0.8927
2
L1120 | P, = "2als 0.8355
3k, T
L1127 | Po= (28 By 0.9925
1128 | 6=1+ =% 0.9992
L1317 | B= =2 0.9993
L1323 | po= LU 0.9902
. Pcg?
1334 | j= Lo 0.9827
11.154 E = —umBcost 0.9997
I1.15.5 E = —paFycosb 0.9973
02417 | k=4/% - = 0.9837
11.27.16 | Fp = ecE} 0.9935
127.18 | Egen = B3 0.9972
3422 | = 2% 0.9980
342 | gy = 27 0.9903
11.34.11 =L 0.9937
11.34.29a | par = ;2 0.9938
13429 | F = L8082 0.9037
L3518 | n = oG BT T e BTy | 09738
13521 | M = n,puar tanh( 5247 0.8537
13638 | f = fof + Lapi 0.9928
1371 | E=pu(1+x)B 0.9999
m383 | F=2X 0.9985
I1.38.14 | pg = ﬁ 0.9988
432 | n= 0.9903
efpT 1
I11.4.33 = 0.9984
ek 1
M.738 | w=2uB 0.9973
854 | p, = sin(%)? . 0.9973
952 | p, = Pebrtsleceny 08036
L10.19 | E = pup /B2 + B2 + B2 0.9935
L1243 | L=nh 0.9999
L1318 | v = 2E&%k 0.9935
Ve
L1414 | I = Ip(eBT — 1) 0.9927
UL15.12 | E =2U(1 — cos(kd)) 0.9993
NLIS.14 | m= 5 0.9927
11.15.27 = & 0.9999
M.17.37 | f=p1+ acos ) 0.9938
NLI9S1 | B = 5720 L 0.9974
21,20 | j = —Peodfuee 0.8668

Table 13: Tested Feynman Equations, part 2.
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