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S'X Weob ol AAE 4 9tk S'E (ntl X A9 AVE /X FdEE YEd § glerz K 2 Ve 7
(ntl X d/0) 9 F715 7HA= P42 Yebd 5= k. 320 @ACA BAE Q, K, Ve 22 338 dE e 24
o] d& =9 JMF 42 Uir d/49 YD dolE JHHES AT,

330 wHAlel A, ARK-MAB RE(131)9] MABE= Hg Z=2A4 QF FAste ofn|st 7] whele] 13y wE e} 7]
z2AH KE FAske A FETE T 1dd EY ddde] BAES XSS w3 odA FEX
(attention weight) 3J& W= ABAE = A}, o]F Y3l MABE $H2F oJel M (additive Attention)Q9F KE 43
s 7 @ MEE Y] Scoring AttE FAE 4 vk AR AYE oAl A5A #FE W= (n X ntD) 9]
A71E 7AW, Wel ZF g 54 ofniAal 79 ntl 9] sty BETERefe] AJuAel #AES el
340 WHAA, ARK-MAB B (131)9] MAB= (m X n+l) A71E 7HA% ofdld 744 A4 e 2+ ol = @s
9] &lo] 10] HEE AZEMA At3H(softmax normalization)S A-E3le] Wb U3 (m X ntl) I7]E 714
= yE WE ALY S .

Y

350 ©AlA, ARK-MAB E&(131)¢] MABv= AXEWX A4ftsirl A& 3d Vo WU{ 2244 VE w3k
nt17fe] =ZEhge] A9 value B9 WEE 3] 7I5 F(weighted sum)S ZH &3} Q'S AH&Eshd sy

o] o tigk o’ Adte] FREG. o7[M V FE2 (ntl X d/4)¢] A7E 7 RE, shte] Fl=d dis)
THE oA s F AEH= Q' FELS (n X d/De] A71E 7RG

% 5% B sl=o] vl 4aE ojad Aike AuE AP AL EAF mweld,

=349 = 49 gAE FHzxstd, d= H o ld A B 49 = Head#l WA Head #4o] thafr z+zt
FRE, Az 4719 FH = EH%H Zkzy (m X d/4) 2719 44 Q' 47 A ET. 4749 s=ol dis) A
H 4N (nX d/4) Z719 BFEES = 5ol ZAIE vhe} o] wrgko g RAAZIM (m X d) A7|9] BHo]
S AAGE. ARK-MAB EE(131)9] MABx= A Zol7t d9l mllel 2dd WEE Yehe 34 08 AT &
#Ho g EHa.
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3

0
2

ol & 3 YA ¥ 52 E3] ARK-MAB EE(131)¢] MABE o] &3t ojeld At AL AW, oA & 28
D230 ARK-MAB 2 E(131)-2 ARK-MAB EE(131)9] MABY HF =¥ 07 %4 whilgo] ofuwAl 77 %H

g 9WE J3 Rl s A AAHE 7 =, #eolo] AHqfs(Layer Normalization, LayerNorm)&
43t R'& AT, mlX = o2 ARK-MAB vLE(IBI)VO— A7 RFF(row-wise feedforward layer)o] E3}x
A A" R'_rffe R'oll dish b Ads s & oA dolo] HatsH(Learner) S A &3t mule] A A
opu At 7] @ejo] Y WEE YA RS HF F¥ow Y5k, ARK-MAB EE(13D O HF =
RE(132)9] 1 dHlo]E 2 A&t

Y

~
ﬂllO O_u

=

i) rﬂ
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g 9y A RS
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deEon shte] a9l o7k dl 2 28 Y HEE Aol Y.

T 62 2 U9l o AA de wE PMA EEO 7S U EWolth. & 65 FEeW, PMA EE(132)=
ARK-MAB X5 (131)3} A}l MAB(multihead attention block) X RFF(row-wise feedforward layer)®Z A2
ATk PMA EE(132)dA = 2719 35 7hsdt 2k dol7t dl A= (seed) WH U7F §AlEo] glom,
ZIMto g2 g TR A (S5 A}, T3 PMA 25 (132)0A4 7] Z2AXA K= ARK-MAB &5 (131)25FH
2wl A obn At 7] wheje] BE WE R'E VMo w 7] ZRAM K 2 U7 Z2AH VE
o k. o)F A ZEAM Q, 7] ZEAM K R EF Z2YH VE o &3 ofdld AAke A A
ARK-MAB %(131)4 s }fﬁ N e A A ARtk PMA B8 (132)2 Al= #E ] o dds}
A3 HHE AdstH, A4% 270e wHstE xdF WEHE = 79
g Exog 3 H¥(linear) A4S Hg3lo Y 7.4_017}
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ARE ol 7FeA FEE o] &ske Bx A E Egedit. Bx EA%sE 54 obxat 77 &

BA-2 = AgAS olE ul, T Y=okl HlERAdTE ofFA €5 A e BETxed dY 5
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e poll RS RAE gAY, wtE 54 opvkil 77} -G AFAE ol W T
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ZH6
—— U: seed vector
Multihead
R" » K Attention —
v Block LayerNorm LayerNorm
EH7
T HE] Ehel 2
A A M (concatentation)
el ZAE A
Linear Layer (2d -> d)
ZZ =% HIo|E]: Xp& 20|/} dOl T
i p|Zte AR By Yy
=8

-~ NCI-based Attention Regularization within ARK-MAB \\\

Bty |
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= A |
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. 5
" >

_15_



EH9

Model [ PDBbind KIKD PDBbind KIKD (Unseen Scaffolds) PDBbind [C50 PDBbind 1C50 (Unseen Scaffolds)
RMSE  MAE PCORR  CI | RMSE  MAE PCORR  CI | RMSE MAE PCORR  CI | RMSE MAE PCORR  C1
DY ¥ 12041 09618 07671 07898 | 13452 1.0231 07362 07717 | 1.2073 08536 07752 07366 | 11689 08368 07406 07122
ArkDTA (onrs) (0.0673) (0.0375) (0.0194) (0.0073) | (0.0734) (0.0440) (0.0227) (0.0108) | (0.0522) (0.0288) (0.0169) (0.0040) | (1.0586) (0.0340) (0.0249) (0.0119)
ArKDTA (Remove Cp) | 3005 09738 07656 07887 | 13561 10413 07335 07700 [ L1931 08667 07791 07368 [ 1.1899 08800 07306  0.7055
= | (0.0650) (0.0459) (0.0210) (0.0089) | (0.0654) (0.0468) (0.0169) (0.0074) | (0.0360) (0.0330) (0.0118) (0.0104) | (0.0564) (0.0463) (0.0273) (0.0226)
ArKDTA (Freeze ESM) 1.3457 L0170 0.7512 07806 | 14059 1.0905 07147 0.7601 12561 09150 07540 0.7251 | 1.2401 09114 0.7066 0.6965
(0.0396) (0.0222) (0.0089) (0.0024) | (0.0645) (0.0446) (0.0215) (0.0086) | (0.0415) (0.0297) (0.0165) (0.0065) | (0.0326) (0.0257) (0.0146) (0.0092)
DeepbTA 13580 09761 07657 07879 | 13651 10354 07278 07687 | 12131 08794 07687 07349 | 11963 08721 07195 07071
(0.0534) (0.0405) (0.0145) (0.0077) | (0.0338) (0.0517) (0.0225) (0.0119) | (0.0468) (0.0291) (0.0259) (0.0124) | (0.0655) (0.0439) (0.0453) (0.0160)
GraphDTA 15511 11624 0.6641 07396 | 1.5934 1.2085 06268 07234 | 1.5515 11449 06557  0.6967 11442 0.5969  0.6729
(0.0401) (0.0371) (0.0123) (0.0057) [ (0.0579) (0.0305) (0.0271) (0.0104) | (0.1243) (0.1156) (0.0432) (0.0177) (0.1026) (0.0577) (0.0208)
— 14982 L1478 06716 07455 | 15008 11606 06519 07348 | 1.3465 09646 07190 07134 | 12905 09332 06816 0.6931
(0.0375) (0,0256) (0.0171) (0.0079) | (0.0551) (0.0356) (0.0236) (0.0090) |(0.0332) (0.0373) (0.0120) {(0.0083) | (0.0761) (0.0538) (0.0399) (0.0164)
MONN 13283 09927 07563 07849 | 1.3534 1.0288 07343 0.7736 | 1.3994 1.0450 06725 0.6936 | 1.3242 09749 0.6414 0.6732
(0.0440) (0.0193) (0.0137) (0.0061) | (0.0822) (0.0482) (0.0264) (0.0105) | (0.0417) (0.0290) (0.0286) (0.0131) [ (0.0388) (0.0171) (0.0270) (0.0113)
HyperAttentionDT1 14028 10888 07257 07683 | 14480 1.1399 06899 07510 | 12994 09816 07371 07233 | 12652 09594 0.6879 0.6962
2 (0.0186) (0.0192) (0.0149) (0.0061) | (0.0418) (0.0351) (0.0153) (0.0067) | (0.0293) (0.0265) (0.0142) (0.0047) | (0.0406) (0.0332) (0.0295) (0.0049)
— L2711 09410 07726 07908 | L3213 10074 07372 07716 | 12131 08420 07721 07446 | 1.2071 08456 07211 07151
(0.0454) (0.0297) (0.0125) (0.0063) | (0.0500) (0.0341) (0.0169) (0.0063) | (0.0639) (0.0425) (0.0254) (0.0136) [ (0.0712) (0.0437) (0.0369) (0.0171)
BACPI 3594 L0164 07427 07772 | 14343 10998  0.6974 07545 13583 1.0439 07140 07278 | 1.3798 1.0702 0.6507 07001
(0.0362) (0.0152) (0.0139) (0.0055) | (0.0660) (0.0380) (0.0320) (0.0116) | (0.0577) (0.0395) (0.0285) (0.0152) | (0.0652) (0.0505) (0.0385) (0.0168)
HEDTI 13832 L0513 07332 07701 | 14340 L1169 0.6891 07474 | 1.3027 09326 07345 07116 | 1.2868 09261 0.6774 0.6827
(0.0590) (0.0594) (0.0242) (0.0123) | (0.0817) (0.0662) (0.0383) (0.0166) | (0.0554) (0.0436) (0.0235) (0.0173) | (0.0625) (0.0446) (0.0380) (0.0179)
EHIO
Attention Map from ArkDTA 3Y5
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