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A3 Ao FA Fhol T wol=7F FUEUATE. logP-%F, tPSA-Z, QED-Fol

=
o A 1282 AAErk. b SHILES 2E®S ks B2 = SAvit tha2r] mgel] i
th2A Agdnt. Ad2 dole GMILES 2ERE FAsE EZY AFE 99
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stoh, ZF 2R Aol AMSE AlE Hols At BXAA AMEHIJG. At Bl HdH B4R MOSES &
A ololEMES] SMILES AEHS TASE B2 Fold fEHAT. AA2 Dot AR F A e
B EE: A BTN ASYEn,
[% 1]
GCT MOSES Reference Models
GCT- GCT- VAE AAE Char Latent JTN
WarmUp | SGDR RNN GAN -VAE
Validity 4 09853 | 0.9916 | 09767 | 09368+ | 09748 0.8966 1.0£0.0
+0.0012 | 0.0341 | £+0.0264 | £0.0029
Unique@1k 4 1.0 0.998 1.020.0 | 1.020.0 | 1.0£0.0 | 1.0£0.0 | 1.0%0.0
Unique@10k 1 0.9981 0.9797 | 0.9984 0.9973 0.9994 0.9968 0.9996
+0.0005 | £0.002 | £0.0003 | +£0.0002 | £0.0003
IntDiv 1 0.8531 0.8458 | 0.8558 0.8557 0.8562 0.8565 0.8551
+0.0004 | £0.0031 | £0.0005 | #0.0007 | £0.0034
Filters 1 09956 | 0.9982 | 0.9970 0.9960 0.9943 0.9735 0.9760
+0.0002 | +0.0006 | +0.0034 | +0.0006 | £0.0016
Novelty 1 08144 | 0.6756 | 0.6949 0.7931 0.8419 0.9498 0.9143
+0.0069 | £0.0285 | £0.0509 | #0.0006 | £0.0058
SNN 1 Test 06179 | 0.6513 | 0.6257 0.6081 0.6015 0.5371 0.5477

+0.0005 | +0.0043 | +0.0206 | +0.0004 | +0.0076
TestSF | 0.5771 | 0.5990 | 0.5783 | 0.5677 | 0.5649 0.5132 0.5194
+0.0008 | +0.0045 | +0.0142 | £0.0002 | +0.007
FCD | | Test 0.4017 | 0.7980 | 0.0990 | 0.5535 | 0.0732 0.2968 0.3954
+0.0125 | +0.2033 | #0.0247 | +0.0087 | +0.0234
TestSF | 0.8031 | 0.9949 | 0.5670 1.0572 | 0.5204 0.8281 0.9382
+0.0338 | +0.2375 | #0.0379 | +0.0117 | +0.0531
Frag 4 | Test 0.9973 | 0.9922 | 0.9994 | 09910 | 0.9998 0.9986 0.9965
+0.0001 | +0.0051 | £0.0002 | +0.0004 | +0.0003
TestSF | 09952 | 0.8562 | 0.9984 | 0.9905 | 0.9983 0.9972 0.9947
%0.0003 | +0.0039 | +0.0003 | +0.0007 | +0.0002
Scaf 1 | Test 0.8905 | 0.8562 | 0.9386 | 0.9022 | 0.9242 0.8867 0.8964
#0.0021 | +0.0375 | £0.0058 | +0.0009 | £0.0039
TestSF | 0.0921 | 0.0551 | 0.0588 | 0.0789 | 0.1101 0.1072 0.1009
+0.0095 | +0.009 | +0.0081 | +0.0098 | £0.0105

1S MOSES #lx|wl7) A#E wvluwste] vepHTE. MOSES #lxX|m4 & GCTelA A4 =E 30,000 SMILES AE <]

FAHATE. AFA g8 ERAEH(GCD) A B2 HFE MOSES Wlx|utr] ZAFAA AlFshe= thE A

A} WE(VAE, AAE, CharRNN, LatentGAN 2 JIN-VAE)S] d<=¢} mluslgith. 10719 A ES AFEslo] AAd &
=

AL
A& Gkt A% st Re ol 255 FaL ofdE SR flo] HEes Fu.

X (Validity)S #a3F SMILES ~E& 9] H|&S YeRdth. Unique@lks 1,000712] AMAE #x 5 473
9] &S YEdY. mque@10k—”* AdE E4 10,0007 T s AMEe H&S yERAY. IntDive A
H 2] U E‘rc} S YRtk dE (Filters)® 54 2 dEE F9%8te &S depdrh. A4
(Novelty) && © 1E1°ﬂ EABHA e AAE B HES dvEhdth. SWe AgE BE At tig 3
i BHUEE fAMS depdth, A4¥ 2aket A doly F 7P fARE A 318 A S AL
FCD+= ChemNet ®}e] &4 o5 mdo] oA F WA Holojo &3t Algste] AdE w19 HHH
AF Atelo] Ag] FSAS e, Frage BRICS7E #l¥ @2 dlolge] Yelus WlEel e e o
‘%—5 W= Abolo] ARGl FAMES UERATH ScafE dHHA dlolHd B4 AAZ=r) Y wiEe A
AL UERE HIE Afole] FARRD FAMS S drERT.

AR SUILES 2EFo] TUES ¥4 PEE UEIEA o8 Bseln F A welA #Ae] Bas

3 owA B AdE SMLES ~Ee] fra
e AA}7L 2T SMILES 2loje] #HS 5

2] 98.5% olake] frad o UEhdth. GCT-WarmUp 98.5%2 %@g% WOl GCT-SGDRS 99.2%9]
FAE BHoFr. Qo 7wk Bl F 7P H2 glolth. o] T A 7 SMILES ~E® & &3 A9
718tek4 x5 dvht 2 olsid 4 Aol &y . SMILES dofo] &3t 3tst dxprt 43S S5k

& AANE & de=A o5, = AdE SMILES 2=E

Folt}p, wixul] Az} P SMILES ~E

Lﬂ"
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Fol7l s 22 ool o SR (A, 2w A6l ) ARy P8l 2EGe] EAss BA
o Jletety Fx(z Ak 4 AR)E olsalel ek AMA B3t EAsEE(CCD 488 oJuA
AUZE SHILES ool ov] 2 Be&ge ol 843 Qloje] wue A7go] olsjshs o =go]

T 4¥ Q=3 EFdA ould sl=o AX ofdld g ik AlZbslE o & HoErh. & 4% SMILES ~E
2 el 546 ofdldE 7] gol= Wl digk 7 7HA S9AR1 ool tig ARE HolFErh. & davw 4-(2-of
=2 23)- - EAHEo U3 F HA A:y EEoA U WA o A4E A3E gEha, = 4be
5,6-H] 2= (p-HlEAFE)-3-WE-1,2,4-Eo}zle] digh F WA A3 EFA Al A =9 Aztst AnEs
Yepdch, 7F 22 el b 20 Qe ¥A7F ZF SMILES ~EwolA e "dojx . = 4ae] Uxh
13 9 = 4bo] A} 232 7} SMILES =E®elA Hz] "ol Qlvk. =¥ fhe] H24 Aate] e =3k A
2 ofH EFo] ofulde| s Fg HNERHE 2 Rl AFVF FAAEAE HoFr. oud JAe
S7F =T do] EFHEZITE. SMILES ~2ERH 2k 2efxe] ZF AL Zos FHEF SMILES 2E# 9
7t 7MAE Yepdt

% das Fxebd, A 1, 93 2 2o dA 132 A 2 Zel A AR Jpgh Al A sk RE SMILES ~E% did]

A Az de "olA uh. SMILES ~Ew 474 g8 Edaxnd AFEAw 920 1, 92 2 2 93}

138 Az g@o] dS(M)oz AT, T 4pS FF3W, GCT-SGDRo] AAt 29 4=} 22, 23( ) Apole] ¥

AL AAgT= AS BHoler, =, 54 7HA | sidsts Ak (S)et el ()5 A4 g, 7 °1E*

-Fles ve wRdd wEl A 2E AAET. S, AAA e Edaxre] AH8d ol wAYES A
ZS| gl E g AS

= el
A B8 Edavesl 149 dasd A7 24 728 Qs o mgo] ®r),
=

T oA FA4e frES SMILES Z2E"CA H A -z AA EA19 depd AR Folth. SNN,
FCD, Frag B Scafe] Ul 7HA| wE=o] o]5 4T 4 glth. MOSESIl = 7 7HA HAE AE(HAE AE
2 TestSF AlE)o] tis] vl 7k« HEYS Hrtedtt. HAE AES A BEAs EdC AES FAst:=
U3 Bxl AAHEEE s gk, vhA | TestSFE B9l AlEd TEA e AME=E IFste B4
2 F4d¥rh. GCT-SGDRO] SNN(Test)ZF SNN(TestSF), GCT-WarmUpe] Scaf(TestSF)E Al®]8tal= VAEZ} GCTR.TH
2 AgE Blv. a8y v deds 2] st vlaskd GCTe] Ak ymA] vk, GCT-WarmUp <]
SNN(Test) 2 SNN(TestSF)2 VAEE Aelgt th& RE Fx Rde] Harth v}, GCT-WarmUpe] FCD(Test)+
AMER T $-3t3. GCT-WarmUp2] FCD(TestSF)+= AAE, LatentGAN 2 JIN-VAES] FCD(TestSF)X.t} $-<=3s}t}. GCT-
WarmUp2] Frag(Test) @ Frag(TestSF)E AAE 2 JIN-VAEQ] Frag(Test) @ Frag(TestSF)HE T} &t}. GCT-WarmUp
o] Scaf(Test)E LatentGANK.T}F =31 GCT-WarmUp2] Scaf(TestSF)&E VAE % AAER U} =rf,

B3 EAGCT ozl Al 2=31)3 30,000709] A¥ #xpe] £4 vlaE vEpdth. = ba~coll Al x
¥ 24S deha, vy AdE 24 =4e dEhdY. = SdolA xFL ZAA m=9] dols uE
vES AE SMILES 2E"E PAste B39 8 Yeith. = Se~g= NOSES wlojH X (HA4) 2

Al A3 Aol FaelE AERE 10709 A2 AES YEbdY. &= Shis MOSES o E
E (A A wkA ) ok AR BAE TAskE B (I DA FaelE AlEdE ZAA 259 dols uE

ML o & v

A3A stet Edaxne tE 53 2SS S5 B4 TRE *M?‘ﬂt} % ba~e A st EWAE
wHo Al AAE 30,00070 22+l B4 (RDKitoll A AAFE) T B3E B4 (GCTANA F=oizl dAl 27)S vlug 2
o|t}. logPol tPSAE &4} 29 Z A2l #AH] Y+ %*éomi bz gk oldlE ntE o R Ex &
Aol dlgslE A 22 AT 4 vk, U BDE 874 v EBA 7ty Has Ea =] &
AE AFAH R wety] A aqkd <l 1 Aol B2 QEDO] 7 A o= olftt. o] A cRNN
olME= AT, 7t BAd i Hx A APdE Bx9 EA Alele] Hu #H A= 0.177(logP),
2.923(tPSA), 0.035(QED)o]t}.

ﬂH

A MILES ~E#S] o= QA 318t ERNAEN7L 0EdAy P22 7HAa 7] wjio] 4 m=9
Zold] uie} th2r}, Jd3fe JEHE JHE HUEE FHH A A A A Z=e] Zol= 913y
of ¥y 2EH9 Zo] ¥ fIygdA] EHH = 2EF FASA YERd. o] AL <sos> H <eos>
Edo] 948 % &9 tAQld AMSHEA of it wel okt thE 4 ). ey 2EHe] BALS 2R ¢

=
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[0113]
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Z2 gAoA g8 AR mze] Zolel WA SMILES ~Eg9] Zol7t g¥alA Adxex] gom (I1e A A

2 Zolo] BxF 8FetA] FEtH(E 5d FE). v wxbe] Av]9r #EEE YAE SMILES ~EF ] o)

v A ZEe dolg xdFoRN o= AL x2E 5 Q).

Foizl tF Ex EAo] FAld FHEA s8] s AR A A4S £ dojE ExoA HEH

#1071 APz AESH Hastith(E Se~g). ARA 35t Edaxue A 21N REL tUF 55X B

qE Sl Z REEATIE #AE AT ), AR glE Edaxv o] Wl A7 s dAx=d A
S [e]

A wdo] AfRE FAE AT F AeA ofe =d T gid A8 e ds 2Aske TaF 7ol
o AR e 9 vlolHd SR e AR BAE AT FES dE. o detal HFEA A<
BA7E Aatd AeE 1Y 7] Wi =2 A denters £22 AAVIYS BASAE ged. o
e At das e B dAHQA o RS W7reky] flel] Alaeek A ARSsof dit

= 5 7 mae] A Aesh FEA Aee A
3]

S HoFr. AAXe dyds 2d HS4(VAE, AAE,
CharRNN, GAN, JIN-VAE)®] A& 3 =
A
q

Al Beol A SN A7t Srhekel uheh Al
d7F BEFS SW HFE vk olzle A4 Eatet
A Az wAE = A omett. a2y GCT(GCT-WarmUp, GCT-SGDR, GCT-
Expl~3)7F Al @l Rdlun A5 §A 24 o & At A& 498 5 dn. o714 6CTe b
stolwutetuly & v S5E AAES ARt FdE BES gtk ZF GCTl Wig AR =3 %A
AR I e

H At pasks Aow w3

[ 2]
GCT-Exp1 GCT GCT GCT GCT GCT
(baseline) -WarmUp -Exp2 -Exp3 -Exp4 -SGDR
Training Conditions
Epochs 25 25 25 25 50 25
KLA weight (k,,) | [0:0.02:0.5] [0:0.02:0.5] [0:0.02:0.5] [0:0.01:0.25] | [0:0.01:0.5] [0:0.02:0.5]
[start:step.end]
Learning rate (Ir) | Baseline Ir Baseline Ir Baseline Ir Baseline Ir Baseline Ir eq. 4
X3 (=eq.3) | X5
Learning rate Warm-Up Warm-Up Warm-Up Warm-Up Warm-Up SGDR
schedular
MOSES Benchmarks

Validity 0.9757 0.9853 0.9808 0.9692 0.9813 0.9916
Unique@1k 1.0 1.0 1.0 1.0 1.0 0.998
Unique@10k 0.9977 0.9981 0.9977 0.9983 0.9986 0.9797
IntDiv 0.8465 0.8531 0.8531 0.8541 0.8491 0.8458
Filters 0.9955 0.9956 0.9950 0.9944 0.9943 0.9982
Novelty 0.8019 0.8144 0.8043 0.8114 0.8572 0.6756
SNN (Test) 0.6204 0.6179 0.6206 0.6081 0.6131 0.6513
SNN (TestSF) 0.5784 0.5771 0.5791 0.5693 0.5744 0.5990
FCD (Test) 0.4181 0.4017 0.3813 0.3883 0.7180 0.7980
FCD (TestSF) 0.8560 0.8031 0.8411 0.7855 1.221 0.9949
Frag (Test) 0.9977 0.9973 0.2980 0.9979 0.9944 0.9922
Frag (TestSF) 0.9957 0.9952 0.9956 0.9960 0.9910 0.8562
Scaf (Test) 0.9021 0.8905 0.8935 0.8644 0.8893 0.8562
Scaf (TestSF) 0.0883 0.0921 0.1039 0.1049 0.0969 0.0551

SGDR(GCT-SGDR) = AF&3t= B2 U d 2ASH (GCT-Warmlp) & A3l EART Aol
VAE &2 g<4=9] KL ¥Ahes Foli=dl £40] A

= 4
d9 2AZYQ SGR 2AZHE TSGR & FEAT o
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olF|E VWto g Yt xS FEdHE SMILES 2E®S AT 5 i),

34 ste ERaxm o] of’ld HFbUES shEkle] Auks of 'l M (sparse attention)S 7HHOEM =Y
l(non-Hamiltonian) ¥4} ZPZLE 1Y 2EF oz WIsle] L3 e 318t <lojo] ouE% BoALAo] 3
AL o] Exe] 7lsketd Fx2E o] oldlsh: H =gl %Tﬂr. ﬂiﬂ Adojell digh 22 o= A
SMILES 2~E# o] SMILES ¢1oje] &9
xoe] =75 W3l Ag7= AAdE
Edxyre] oEIY FxE w4 A7) 2, A

7 Add A2 EAE AAska o ez vl #akE *Mﬂv} ‘v’d% *MV—% s}t Edry
(GCT-WarmUp) = 98.5% &&= H& 3 SMILES iE%% A, A= SMILES ~E"09] 84,19 3&5H Ao
e M2 BEAGer Az Bxole] FAMEE 0.681(SNN A=) o). 71E A 419 el FA}sk=
ool & Hol §le AMELE EAE T=E A

FAREE 22 EAE wes b Hae] A =
W oA 7R g2 BAC BE Ha A exkE 0.177(logP), 2.923(tPSA) 2 0.035(QED)©] A t}. A
stet Edaxwrt 22 3718 Aleld F des gRlEltt. Tl FAl m= Hol9 hLo}O# A
SMILES B 4=9] Ht zFo]&= 0.3320|F. #xF AL /A8 HFHIA A9 507ms7F 2850, &
47 gle EfEnof ﬂ% 7Ved 2718 oo w}ﬂ} tg2A A 5 o, AH stE Edaxn
BERT, GPT, T5%} %o 2} 9}

o?.: o?.: Y 2
M ox it X (o to rH

m°*'
—1>

olA7hA B el g TAM AAAES Augth. B owwe] et s|% Bepld B A4 7}
A A= B ool #owe] Bl SAolA Holud 9 WA waEwE P TAD 5 e ol
5 9 Rolth, aHER ANE AAGES B Aol ohet MHH pelM welsojo} Ak
wouge) wele dAEd duo] oz SeA Tl e gom, 19 B5d Wl Wl sl BE ol
e oo xgE Qo saEolor & 2ol
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Semantic discontinuity

SMILES: c cl{€ecdccc(c(c1) 0OC)OIN
TT 171
O ®

0)
TTTIT TITT 711 T
D2 0® GE0O ® ® OO @

=

Geometrically close pairs

C  Yesterday | lost my dog on the way to a walk,

Semantically close pair

and my mom found him in the park.
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E03
a x Nx J, X Nx
Self- Feed Self- Enc.-Dec.
Attention Forward Attention Attention
T Transformer’s encoder
Latin Initial or generated tokens in previous step English
Step1:  VeritasLuxMea BRI 0 eeemmememmmememeoes The
Step 2: Veritas Lux Mea m ----------------------------
p—
Step N:  Veritas Lux Mea B lm Stop if is generated

I X Nx J, X Nx

Self- Feed Self-
Attention Forward Attention

Enc.-Dec.
Attention

concat
Chemical formula (SMILES) Properties ([FFED, (33N, [EE3))  Initial or generated tokens Reconstruction
Step 1: c1cee(c(c1)C(=0)0)0 [1.090 ] 57.53 J0.6103 | o< > NS EEEERERE S ]
Step 2: c1cec(c(c1)C(=0)0)0 1.090 [ 57.53 J0.6103 é emmmmmes E 1]
P
H i . i Jup—— H
StepN:  clcee(c(c1)C(=0)0)0 1.090 | 57.53 J0.6103 =N ) [O] <eo0s>
c
Sampling a latent code
J, x Nx
Self- Enc.-Dec. i\
Latent space Attention Attention "
~o
HO
Target properties ([FFED, [N, [&E8)) Initial or generated tokens Molecule generation T
Step 1: 1.310 ] 63.60 J0.550 1 R - 05> IR EL LR R R Convert to Graph
FYSPHIN 310 ] 63.650 J0.5501 (C] JP—
e
. : : JRm—— :
I B 1.310 | 63.60 J0.5501 [<sos>[cHcl (I=Io]) BN ) [O]
I
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Ed6
0.661
S Y GCT-Exp1
5 0.64 - GCT'S..G‘DR GCT-Exp2
S o VAE. / GCT-WarmUp
%ﬂl62' e ‘.r////
5 WAE e ® GCT-Exp4
+ 0.60 1 e ® CharRNN
3
:
2 0.58- GCT-Exp3
S .
>
£ 0-56 JTN-VAE &-._
2 .
& 0-54 GAN e

065 070 0.75 0.80 085 090 0.95
Novelty
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