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Abstract

The number of female breast cancer cases has exceeded that of lung cancer for the first time, making
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breast cancer the most common cancer globally. Therefore, understanding the pathogenesis of
breast cancer is crucial. Through research, it has been found that ERa is an important target for
breast cancer treatment. If in-depth research can be carried out on ERa and its related properties,
it will bring hope and good news to patients. The study mainly uses data mining methods such as
adaptive LASSO, random forest algorithm, and BP neural network algorithm to establish a series of
variable screening models and pICso bio-activity value prediction models. The specific approaches
are as follows: For problem 1, to eliminate the influence of dimensionality, 729 molecular de-
scriptors of 1974 compounds were standardized. In Model 1, the random forest algorithm was di-
rectly used to screen and rank the features. In Model 2, the LASSO method was first used to select
105 important variables from the original variables, eliminating some irrelevant or less significant
variables. Then, the random forest algorithm was used to rank the importance of the retained vari-
ables. By comparing the two models, it was found that there were 5 identical main variables selected
by the two models. The variables selected by the combined model all passed the significance test
and had a relatively high goodness-of-fit. There were 3 insignificant variables in the screening re-
sults of the single model. Therefore, the variable screening and ranking results of the LASSO - ran-
dom forest algorithm combined model were selected as the final output. For problem 2, the dataset
was divided into a training set and a test set at a ratio of 8:2. First, based on the results of problem
1, step-wise regression and adaptive LASSO methods were used for secondary screening on the
training set respectively. According to the voting principle, 17 variables were comprehensively de-
termined as the final screening results and the input-layer variables for the subsequent neural net-
work. Second, since there is a non-linear relationship between the dependent variable and the in-
dependent variables, a BP neural network was used for modeling. Substituting the known test - set
samples into the trained model showed a good fitting effect, indicating the effectiveness of the con-
structed model.
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1.1. BENER

FENIE 2 ¥ 2020 4F, th 5 A 20 28 E B e it FUH LS (IARC) R AT T 2020 4 A BR B Wi 57 4 4 «
LM FLIE R NBCE R, RO AR DL E o LI R — sk HINHRE VR 2 Lotk 950 , 2020
R EA 42 ERm, BRI REWAEZE FIHL]. (B2, 1% WRSEE g 2 g, LR 5 F41F
FRAMXTE R, #2018 4F (Mt )Y bR R AR E A AR R I B s o, 2010~2014 (A, K
FE] () 7L 5 A7 30N 83.2%. TAEERIT RISHIE K, FLIREN 5 A2 AL 90% L .

b RHA AN D, U R IT T IERIT AR ) o T2 AR R R B [2]. AT FLIRE o K
gL R bR A ks 4B R S R R By, I HE S T AR SR AT B AR AR[3] [4]. ARFFERIN, FL
JigE R R e S MEB S AR B UM O, MEB R 324K o 22 (Estrogen Receptors Alpha, ERa)7EAN L 10% (1 1E
AR E A R, (HRZITE 50%~80% 1 AL R MY A Rk . R, ERa #EIA A IGIT FLE 1)
HEALPR, BRI ERa WEYERIAL G T B2 VR TT FLIRE IR I 254 [5] -
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EYEAED6]. BARME L R SRR ARG A FEAR (AL ERa), W& — RIIMER TiXEEFR 1L
BV EHAYEREAE, REU— RIS FEWBRTHERNAZE, WAEWNAEYEEEE N E,
AL S WII 2 B 451 - 35 PE 2% & (Quantitative Structure-Activity Relationship, QSAR) R AY, 4R 54 1 %45
BTN B A A EE e & 7, BT 5 OA S E SRR 7] [8].

1.2. EfRHYE)ER

RAEFLALI ERo HE PTG B(1974 MEETIREAR, MR 729 Ny TR AL &, 1 /MEY)E
PEEOR), WA SV AEYIEYE R E BT, A IAG ERe FE BT A P00 1 S A T R 5%« AT
T LA DL P A )

) f— . HRHE S “Molecular_Descriptor.xlsx” Fl “ERa_activity.xlsx” $4E %R, 4HxF 1974 ME
B 729 N0y TRUORFF AT AR R 1R, A B E A 0 ST TR A T AR I AR Y, RAT AR
B AT R () B B AT, R4S HRT 20 ANK A M i L S R I 4 T RR A

)R . AE IS — LA b, ERNEIE 20 N TR AR R, WEEGYIN ERa AEVIEEM E
B, SR 56 PR R A TR, X6 SCPF “ ERo_activity.xlsx” [ test 2% HH ) 50 MEAIHELT 1Cs0
(BT B2 plCo (B TR o

2. IREIFFSYifA

1) 75 X (i=1,2,---,729) , FoRxo FHERFFAE &
2) 755 2X,(1=1,2,---,729) , FoRbrtEL)E 107> T 1A AT AL .

3. BE—MIREE M SR BIEE R
3.1. @A

Bt LR IATT U bR ERa, ARFE ST “Molecular_Descriptor.xlsx” #1 “ERe_activity.xlsx” #24Lf) 1974
MEEPIN) 729 A 53R FHE B 1974 MEAYIX ERa AEYIETERME, RATE e s 179128
(5387, RIS R AR A A B AN R AN A B B 5 A8 S R/ NS R ) L, AT AR vEEAL AR B S 43
K IHBEALARAR B R AL BT VAL T LASSO-FENLARMRAL & RIRFIESR U VA XS 1974 MU S 729 0y
THIRFFIAT R EERE. IRWIAE R, AW ERIRIE T4

3.2. BUEHREW

E X “ERo_activity. xlsx” 1] training R(JIZE)H, &4t T 1974 ML EWIRIg, H—4e2
#i%3 SMILES (Simplified Molecular Input Line Entry System)# 7. SIMLES ik s A — #2152
5, BT DAIRATA A B SR A B A 2 S B0 1, A TR EAT RE R S bR TAE.

AL AL B P 52 o A A 42— o LA T8, A 2 PR AE — AR I X T) TS [ B B 20 1 K
PEAEME AT LU AINAL . 2041 SCF “Molecular_Descriptor.xlsx” Al “ERa_activity.xlsx” $#24t (1) 53 & B,
S FRIRF M E WA E HBUE K NEE 257, BT RAESREL, K 23 5 78 5 6 (1 v i M A vy
SEME N T IR B AR AN BRI, 7R T BER ) Z-Score ARAEAL TV 0y AR B 2 R LUK AT AR
AL AR TR, K A R T BN EE .

X=X - 1¢ 1 —\2
Z= , X==>» X., 8= [— X —X).
S n; oS \/né( : )

Hep, Z RArdete R i0%dE, X ONEMGEdE, XOIME, s obriEzE.
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HLES 2 2] AR A T DR BB AN K =FP[9]. XX LA AL L3I 2 M0 sl 5 B s HEAT
AW, RRIEERINE 1R,

Table 1. Comparison of feature selection
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Figure 1. Flow chart of problem one
B 1. EE—REE

3.3.2. ETRENARREIEFERSRE T %

AR, WSS I TEAE B SUHA T Z KN, HBEHUARAR AR R AL 307 T ROR BT . BEHL
R — P DL SRy S AR SR RS 21 T o 1207 VAR TR B BE AL AR 1 22 BRI HEAT 1T 2%,
B 455 T 45 RS 2 iR &5t [10]. BRI, BEALARMRSRLEAE LE T8 — PR Sidok Ul , A7 S5 (K B 4
Py ZARE R BA B K EL AR .
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AW TR ST LR SRS AL 0 B EAVEHEAT HE , RERIARHD 729 NMZRIRABI , 45 51X
AR B A 0% R PP RME R S 2. AT ITH 729 MIERAR B RIAR B 2 ) R AN ] B e ok
R DU T AT BEHUARAR SR 1 S B A

BEHLARAR L ZE ] Gini $R 805 SR AN IR R L BRI E EE, b, Gini fs8uk M &) iz
—Fp BN REST B8 k DRAMILT, B4 Gini f8ECH

k
Gini(T)=1-3 p}.
=

Hep, p, R jHBLT BMER. 2 Gini(T) i/ 0 I, RIFE T b T 0 4 T — 21,
TR REAR B BORIAE MG R SIS P T A 1L R0 7 BOR W & 2 ) A, Gini(T) ok, &
GRIERNAE R . AR EE A RE AT A B S rh O R IFEAR ALK S o A P AR A1 Kt
HKAGTHBENUARM EIEMZ AL RE Sy, IR RN T [11].

AW TTEELER Gini $R B R IEE BP0, PSRN 2 o

Table 2. Ranking results using the random forest method

2. N AREHARMERHEF SR

ey A AR HIk Etye B A
1 ZX660 0.1977 0.2015 0.1819 0.1937
2 ZX588 0.0392 0.0554 0.0591 0.051233333
3 ZXATT 0.0308 0.0446 0.0443 0.0399
4 ZX532 0.0355 0.0352 0.0349 0.0352
5 ZX57 0.0362 0.0322 0.0362 0.034866667
6 ZX407 0.0352 0.0304 0.0294 0.031666667
7 ZX358 0.0284 0.0147 0.0278 0.023633333
8 ZX40 0.0245 0.0157 0.0201 0.0201
9 ZX411 0.0225 0.0174 0.0146 0.018166667
10 ZX674 0.0123 0.0196 0.0181 0.016666667

i 2 I, 76 729 MYIEASR R, 4 THIATE ZX660 (I E RS, VIS AL
GEAE BN Ry 4 FHORTE ZX588 HITEHEHEF A =, B0 15 L M0 (38 A7 A I AT S5 5%
Foi O TR ZXTTT, ZX532. ZX57 S LA BRI HE A8 (b2 [ A7 6 BN B MR X
BRI G 4 B Pt S

3.3.3. EF LASSO-FEHL AR HISHEEE S %

LASSO J7 ¥ (B /N M8 R 4 5 1% 4% 777) /& Tibshirani R 76 1996 4E4% H R I — R il vt 7, 3
AR S S I AR e B RO AT R4, W80 R S /N () AR R R A R K B 4 2
T, RAMNAE— B FEE_LIE PR 2 SR MR AR, 1 FLAE XS S MO AT il 00 R Bt s B0 A% e (36 %6 [ 12]
[13].

Xof T 2R AR A
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i=1
Sob, S0 REMBH. 4§87 B, Wi TRfih, s =Y|B0 Hs<s i, BURPRE A FHR
=L

LASSO i it FI Xt E h 2 /N F I B/ ol i i 4B, BE s Itk — 2Bk, BEE 25501 LASSO il
THMESRDN, RS TER, RS THE N Z I R BTN ()28 Sk 2 g M, Wk 2148 g £ B i1 .
M s>s b, LASSO flithwh 2/ —aflith, ARSI gk AR, A FEALRAE .

FITERAE — E R LIRS (R 2 AR i, S O R AR AR, AN PR AR AL
HIE . BRUEASTE F LASSO 77334 729 /N JE AR S AT WK I, 5 BR G C B 52 AN K I 25 1R 0 70 A
&2, FEREBENIARMEIE R RS AT R T

YA R AR B AT O I AR P Y BAR S IR0 R

1) i2H LASSO J5iZsihrtifbfa i) 729 NMEEARAREAT S EUSTH VR Sk s, ARYE Cp HENIH € &
Rf#E. LASSO [FIHPIZSEGTHEE R a5k 3 fion. MR 3 nTBUE R, 1 PIRER &R T ZX16. ZX25.,
ZX39, ceeee . ZX728 3L 105 MEE, HIkR T 624 N5 AEYEEAHCECE AH A R E T E.

Table 3. LASSO regression results
% 3. LASSO B3R

et A LASSQ i LA§SO o] A LASSQ i LA§SO
it S48 it S8 4anE flitt 235 it S8 4anE

1 ZX16 0.006861853 0.006861853 16 ZX104 —0.00267442 0.00267442
2 ZX25 0.060010197 0.060010197 17 ZX106 0.054790579 0.054790579
3 ZX39 0.062605863 0.062605863 18 ZX113 —0.014112875 0.014112875
4 ZX43 0.166901578 0.166901578 19 ZX116 —0.065351001 0.065351001
5 ZX56 0.005004393 0.005004393 20 ZX125 0.010672012 0.010672012
6 ZX57 —0.0254005 0.0254005 21 ZX152 0.086150767 0.086150767
7 ZX58 0.020201356 0.020201356 22 ZX164 0.000341475 0.000341475
8 ZX59 0.230539413 0.230539413 23 ZX167 —0.016579498 0.016579498
9 ZX60 0.140812393 0.140812393 24 ZX187 0.006816475 0.006816475
10 ZX62  —0.014188471 0.014188471 25 ZX194 0.00208978 0.00208978
11 ZX64  —0.012792686 0.012792686 26 ZX236 0.07417386 0.07417386
12 ZX69 —3.2466E-15 3.2466E—-15 27 ZX238 —0.001805145 0.001805145
13 ZXT71 0.093811891 0.093811891 28 ZX244 0.049941695 0.049941695
14 ZX76  —0.015277208 0.015277208

15 ZX81 0.00848806 0.00848806 105 728 0.045731374 0.045731374

2) IEHIBENLARM SN £ —2

DROR B (AR BT —ORIEAHER, [FIFEE A Gini fR8UfF VR E R
BVEHERP AR, BT 20 AN AEMDIE R e B AT B R Y TR AT LR I 4 B
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Table 4. LASSO-random forest variable ranking results
F 4. LASSO-BEH M EEHF AR

HE PagmaEi: 1 Bk B =K Tty
FiAE & LASSO-BEHLAR R LASSO-BEHLAR#K LASSO-BEHLAR IR

1 ZX407 0.2299 0.1983 0.227 0.2184
2 ZX4T7 0.0934 0.0873 0.0805 0.087066667
3 ZX674 0.0531 0.0589 0.0691 0.060366667
4 ZX43 0.0534 0.0523 0.0574 0.054366667
5 ZX413 0.0287 0.0471 0.029 0.034933333
6 ZX640 0.0332 0.0412 0.0294 0.0346
7 ZX106 0.0289 0.0272 0.0272 0.027766667
8 ZX104 0.0251 0.0251 0.0279 0.026033333
9 ZX586 0.0266 0.0206 0.0269 0.0247
10 ZX357 0.0208 0.0202 0.0229 0.0213
1 ZX347 0.0188 0.0211 0.0201 0.02
12 ZX412 0.02 0.0166 0.0209 0.019166667
13 ZX59 0.0173 0.0211 0.0136 0.017333333
14 ZX728 0.0162 0.0178 0.0163 0.016766667
15 ZX666 0.0163 0.0167 0.0161 0.016366667
16 ZX352 0.0162 0.01 0.0179 0.0147
17 ZX25 0.0143 0.0147 0.0138 0.014266667
18 ZX238 0.0141 0.0127 0.013 0.013266667
19 ZX587 0.0136 0.0121 0.0119 0.012533333
20 ZX270 0.0118 0.014 0.0116 0.012466667

% 4 W& H, £ 105 /> LASSO JJiEik#R AR, 2 FiARF ZX407 (EEM K5, WHEs
AW AR AEAE B AR R 2 THRTE ZXATT (I B N =, WW'E 5AMiE Atk
TEEHBARIK R, 2 THIRK ZX674. ZX43. ZX413 S HiAh 18 MNAE A WiE T A8 4 2 (R 17
TEBCNREI AR R, eI B M T .

3.3.4. ERIGE RS SR
F T B — (R BE WL R AR SR R HE 7 45 SR AL T LASSO-Fl AL AR R 5025 1 2 & R AR oA A 3 47 HE
HIEE RNk 5 frn.

Table 5. Feature ranking of the two models

5. MIMMREESHEHEF

BEALARA T A LASSO-FlHLARM 7 i%
fE or TR AT AR B T e o AT AR FHE
1 ZX660 0.1937 1 ZX407 0.2184
2 ZX588 0.051233333 2 ZXATT 0.087066667
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3 ZXA4T7 0.0399 3 ZX674 0.060366667
4 ZX532 0.0352 4 ZX43 0.054366667
5 ZX57 0.034866667 5 ZX413 0.034933333
6 ZXA407 0.031666667 6 ZX640 0.0346

7 ZX358 0.023633333 7 ZX106 0.027766667
8 ZX40 0.0201 8 ZX104 0.026033333
9 ZX411 0.018166667 9 ZX586 0.0247

10 ZX674 0.016666667 10 ZX357 0.0213

11 ZX12 0.013766667 11 ZX347 0.02

12 ZX640 0.013133333 12 ZX412 0.019166667
13 ZX352 0.012733333 13 ZX59 0.017333333
14 ZX653 0.012366667 14 ZX728 0.016766667
15 ZX80 0.011466667 15 ZX666 0.016366667
16 ZX24 0.0101 16 ZX352 0.0147

17 ZX666 0.0086 17 ZX25 0.014266667
18 ZXT717 0.008366667 18 ZX238 0.013266667
19 ZX239 0.008033333 19 ZX587 0.012533333
20 ZX41 0.0074 20 ZX270 0.012466667

B3 5 W LABE B, So— 7 pEFIZH & ik BRI BT 20 ANX AR 0 1t B B A 0 2 5 1 4 3R 15 35 A
T ZXATT. ZX666. ZX352, ZX640 fil ZX407 3t 5 NMEE, H4 15 MEENIAHE. Kk, H0ESH
Tl 5 0 e 5 SR AT LA

A v LR AN TR 20 N RAE N AR R, AEMIEYEVE MR AR R, DL SPSS /B N SIS A i
Z IR Rl AR, AR B B MK R (R A FEE e 6 AT o

Table 6. Significance level and fitting degree of molecular descriptor variables

®6. NTHRANEENEZMKTRUGIEE

s BEHLAR M7 3% LASSO-BlHLAR 7%
T SRR AT SRR e
1 ZX660 0.000 ZX407 0.000
2 ZX588 0.905 ZXATT7 0.000
3 X477 0.000 ZX674 0.000
4 ZX532 0.776 ZX43 0.000
5 ZX57 0.000 ZX413 0.001
6 ZX407 0.000 ZX640 0.000
7 ZX358 0.092 ZX106 0.000
8 ZX40 0.002 ZX104 0.000

o

a
=
m
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gk
9 ZX411 0.000 ZX586 0.000
10 ZX674 0.000 ZX357 0.000
1 ZX12 0.000 ZX347 0.000
12 ZX640 0.000 ZX412 0.000
13 ZX352 0.000 ZX59 0.000
14 ZX653 0.000 ZX728 0.000
15 ZX80 0.000 ZX666 0.000
16 ZX24 0.123 ZX352 0.000
17 ZX666 0.000 ZX25 0.000
18 ZX717 0.038 ZX238 0.001
19 ZX239 0.000 ZX587 0.000
20 ZX41 0.002 ZX270 0.188
RZFLAFE: 0.580 RZ{AE: 0.601

7 6 W LLEH, —J7TH, FETHABALEREN 20 AN TR R A Wi A S I 22 o 26 1k [m] A A5
R, BAREINE 1% SE MK TR, T R — BRI R 2 T R AL 22 (1) 22 7o Bl AR AR
AR 3N EARE: H— M, FTAABR R H A4 2y 0.580, 1M T — A B £ 1)
[E] B AL AL FE  0.601.

g b, ATLLUEEH, 456 LASSO J7 i FIBEALAR MR EE 120 & Rr e B RS B O AR /N T v IR Bk it
75 2170 5 B B HE T 45 AR T — BB B R H A B

215 2 B Lasso-BENLARMRLEL A 17128 1) 43 3R 155 S H AT ZX407 . ZX477.ZX674.ZX43.ZX413
ZX640. ZX106. ZX104. ZX586. ZX357. ZX347 ZX412. ZX59. ZX728. ZX666. ZX352. ZX25. ZX238.
ZX587. ZX270.

4, )RRV S SR BIEE R
4.1. 1a)@E 54T

EFXFRIRR =, BOREET M — &8 20 NMER R —RIE EEER R, BT MR
LM B2 MR B2 [P K 2 BRI, AN FH A% 0 (R e P R 4 7 25 i A8 B AN T 52

DRI, A Il R St S A AR SR AT VISR SR AR B0 AR B R 43 s ok, i iz 8 |l A3k . HOE R LASSO
R TN ZREE o A S AR B B Y, SR LUAR 2 FhOTIES A S R 45 2, e B AR 1Y A8
& e, BEEETER R RIE N BP MM TR f N EL &, HT I 2R 8l v A 4T
Weria, MOEPIMREREAMRNBR R, BE— DI UE AT A B A 80 fefa, XA 50 M &
YT A3 M pICso LA BAFNEK) 1Cso FOTII o 7EBEUERA, AT U T plCoo 1 AAH N vl 5 AR 52
g8 HZ ) ) R A 2 Fos o

4.2. BIRE S

eI a6 1974 MEE BRI 8:2 (I EL BRI 7> NSRRI EE, b 2 T R B K 25
PR, E IR EARYE P as O TERE VRN S Ar R VAl P A AR R I TN OCR - e, R A 00N 11 50 ML A
PR R AR A TSR RN PR AR, 15 2 F AR .

DOI: 10.12677/mo0s.2025.144266 81 5 1 A


https://doi.org/10.12677/mos.2025.144266

ZEEE)

BPFHIZZ
Rl

Figure 2. Flow chart of question 2
E 2. [\ _iRiEE

4.3. TETHIE

TE X B P A5 B iR A7 0 3 A0 [ A F00 () SRk R, 3D R VEAR B TR I N . AR, BB (R
IVERR 5 BN R e A, HLGVE MR AR AR i 2 ) 7™ R 2 J LR M 1) ) A

R, EEx il R, AW 7008 F A0 [ & B LASSO 0 AR Sl AT 4 ik 3%
43.1. EFEAE

e AN RIA= RS eSO IDN - Fiv kS (T DN STl RV SR Sy WS e G TE S i G a2 RS
BREGHEREMNE, 12 BARHHT BB BRI AR ARSI N 1k [14]

L SPSS NSZEG V-6, (B AN o A B HEAT 5l NFIGIBR G, 13 B3 T8 45 (1] 335 B 18 i B & R
(A AN 16 AN, KA A1) 2 %k R2  0.637, %45 1) R2 M 0.633, JF7E 1% B3 MK P TR,
RS KR 7 fis.

Table 7. Variables and coefficients determined by stepwise regression method
F 7. BLENTEMBENTERRK

A X407 X417 X43 X412 X59 X674 X357 X728
i 0.198 0.857 0.210 —0.012 0.164 0.476 0.056 0.070
A X347 X25 X640 X106 X413 X586 X352 X666
X4 —0.054 1.137 —0.146 0.000 —0.063 —0.896 0.055 —-0.172

4.3.2. BiER LASSO 3%
T LASSO J5 i) S B S i S5l i & A Im i, Zou $EH T EA Oracle P£J ) H i& W, LASSO 7

2
P p ~
Y=Y X8 +4> 6|8 ﬂw@@j:ﬁ, y>0, j=12-p. f Nl
j=1 j=1 ¥
B/ ek A R H(15].
LR S NSE T G LT EE R LASSO I HHEE, 75 315 T 381 LASSO J7 Wl i £ B g
AEARCN 174, BRI S HA TS RN 8 k.

. 5E LB (n)=argmin
s

Table 8. Variables and coefficients determined by adaptive LASSO method
3 8. HIER LASSO AFHBENTERAY

A X25 X43 X59 X106 X270 X347 X352 X357 X407
£ 1.1255 0.21559  0.15008 0.0004 0.00678 —0.04814 0.04826  0.05374  0.19228
AR X412 X413 X477 X586 X640 X666 X674 X728

%% -0.01068 -0.06026 0.78915  -0.8184 —0.14345 -0.12927 0.51532 0.6714
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4.33. ZABRGENERIEEF
LRE B I EM B IER LASSO 0 AL B FE I 45 R, #5€ BP MM N ERE, Wk
9 fr7R .

Table 9. Variable selection of the two methods
F: 9. AWM EANTEEE

o Rk B A SR RAWE TR xzﬁ HIER - B

AR LASSO % g AR [FJ47%  LASSO ik AP
X25 \ \ \ X407 \/ \/ \
X43 \/ \ \ X412 V V \
X59 \/ \ \ X413 \/ \/ V
X104 X477 \ \ v
X106 Y v v X586 V V J
X238 X587

X270 \ \ X640 V V V
X347 V x/ J X666 \ \ %
X352 % \/ X674 \ \ V
X357 S V V X728 \ \ V

7 9 i LLEH, 2 THIRSF X104, X238, X587 iX 3 NMAFEMNA 1 MR LTI, itk
MR 17 N EDA 2 A KU EAREN AT RE . B, ZREE 8 R 3 Bk AR Bk RS
B, AP E SR AR TN X25. X43. X59. X106, X270, X347. X352, X357. X407. X412, X413,
X477, X586, X640. X666. X674 LK X728 3t 17 4.

4.4. BT BP HZMEHIEYIE M ETMEE

BT T REIR AT 5 A PR 2 8] R B BRI AR R R R, AWETORI BP #h4 i 2] Hilk
AT AT [16] -

4.4.1. tEEINGE

1) e, BRI . AFTOR 1580 MEAWHI DGR E A LR ) 17 D TR T
B N INGREE, AT 394 MU G VIR AEYIE A S HL T 10 17 A2 7 R AP e R
RS, R HARNVIZREF ) BP A28 [ 28 A rh i s T Al @A R (A ks 5 A TN ) 50 ML &%
PEAE N TIIEE,  dan N SRR rp st i 43 2 T 45 2R

2) WANZAEE T B E . BT RS ETASERZ NG, 3 E BP ML MBI A
BT EARLE A Pt ASGERGEH 1 ADMREEER 3 /2 BP i M . AR A ST AR B
WEER, WA R T B E Y 17, f 2 2 R ONZ SR W0E PR pICsor W48 % H 2 715 m 0B
BAH 1.

3) B Z A . B 27 RN BOE 20 BP SRR I 2% (1 T v Be = AL s, DR AR T AR

s AR a=vbrc+d il MSE:%Z(ySS)t —90) i, Horb a HREE AN bR

i=1
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TEE, o M ET SR, doN 1~10 2R BT AR ESANET AB b N 17, B EN S
c A1, FitaMEBUETEEN 5~15. AW LA MATLAB2016a Nscie-F&, HAH AN THZ M T B,
WEANFERIBREET SE, T INGEEEE 2T 3 Willdk. BRI R mZE 10 Fir.

Table 10. Three training results of training set data

= 10. VILEFIR=INEER

B JE T A #—Ik MSE K MSE 2= MSE SEF4) MSE
5 0.5484 0.5591 0.6022 0.5699
6 0.6168 0.5704 0.5389 0.575366667
7 0.5228 0.4919 0.5138 0.5095
8 0.5355 0.4872 0.4988 0.507166667
9 0.5104 0.5245 0.5629 0.5326
10 0.4823 0.4764 0.5475 0.502066667
11 0.4799 0.6683 0.5292 0.559133333
12 0.613 0.4237 0.4776 0.504766667
13 0.4868 0.5743 0.5523 0.5378
14 0.501 0.5492 0.5824 0.5442
15 0.5562 0.5036 0.5189 0.526233333

M2 10 WTRAE H, HEE R S 808 10 i, X6 [ —Es SR iy d iR P 88 MSE #Re/b. AL,
B e B 2T S AN 0N 10,

442, BEVIGRHR

ASEEG DL MATLAB2016a Ay sie-t-&, WA N LML THAE, 1 Levenberg-Marquardt 5%y
WIZRER B, o3k 2 IR AR BEAT 22 ST ZRJE %t 394 AMEA Vs 4 s (0 R S 3047 TN . 3408 23 T &%
R 11 PR

Table 11. Forecast results
F 11 FUNER

SMILES pIC50 [SESEEES SMILES pIC50 e &k 3
MAAREAS 1 5.430 7.155 TAFEA 8 7.155 7.616
e A 2 5.930 6.459 TRFEA 9 6.292 8.286
MAFEA 3 5.509 4.605 WRAFEA 10 6.678 7.414
AR 4 4.609 6.430 TRAFEA 11 5.593 8.000
MAFEA 5 6.921 6.388 : : :
MAFEA 6 4.796 4514 MaAE A 393 7.886 6.428
MArEA 7 6.469 7.448 AR A 394 7.569 7.513

H3% 11 7143, BP MM RIS . 2P atria &I, EUiE R? Oy 0.825, BEHIASER R
FI BP #2202 XAk 5 (0 A2 i VA BEAT T2 T 4714
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5. &g

AW FE B Se PRI MG 1 25100 L (IS ) EAT A5t A RS B o BEXT IR —, X 1974 ME&

YIE 729 D0 T HRFFIEAT PR AEAC AL BE DU BR AN RO R, R T PR R — BB LR VL B
Fii e HEFPARAE, B T JiE L LASSO J7 ik M IR AR B rpik i 105 AN BT R, A BEHLARAR S0 £/
B AR AT E B . 0 B DL B Y G e 1) R B 6 AR, SR A B I 2
Rt HAE R, # 2 LASSO-BEHLARMR AL &R i A R e HF 7 45 SRAE e &t o B0 il
= R HE AL 8:2 R NN GREE AL, SRS 45R, MHIZ D [BIAVE AT B & B LASSO VEAE
SRS E TR, R BRI E 17 MR RN RATIR AR G S E MmN 228, BT HRR
AR AL R, KA BP MA@, K MR A OISR OB, WA ROR RAF, E

T AL A R

SE ik
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