STUDY ON THE EFFECT OF MOLECULAR FINGERPRINTS ON THE
PERFORMANCE OF MACHINE LEARNING MODEL PREDICTING HIV INTEGRASE
BIOACTIVITY

SUMMARY

HIV-1 has been causing severe pandemics since the 1980s by attacking the host immune
system. If HIV-1 is not treated, it can eventually lead to AIDS (acquired
immunodeficiency syndrome), where death is inevitable due to opportunistic infections.
Therefore, discovering new HIV-1 antiviral drugs is urgent. One of the most prominent
approaches in Computer-Aided Drug Discovery is constructing Quantitative structure—
activity relationship (QSAR) models, especially with the rising of Artificial Intelligence,
including machine learning and deep learning. In applied machine learning to create
QSAR models, the quality of dataset is a primary criterion to achieve a well-performed
binary predictor. The combination of molecular fingerprints can optimize machine
learning models, improve prediction accuracy, save time and computational resources.
Regarding this research, 3110 HIV integrase inhibitors were extracted from the ChEMBL
library and calculated to seven types of molecular fingerprint datasets. After that, a data
mining workflow was performed to create a training set and an external validation set.
Several machine learning models were initiated to determine the most impactful molecular
fingerprint on the model's performance. After finding the best dataset and suitable
algorithm, the following stages optimize and evaluate the model’s generalized capability
on the external validation set. Eventually, RDKit fingerprints had a strong influence on the
model’s performance. After tuning hyperparameters, the XGBoost algorithm achieved an
external validation precision of 0.91, an F1 score of 0.83, and a recall of 0.814. Other
metrics, such as an area under the ROC curve of 0.96 and an accuracy of 0.93, were also
promising. This result was highly generalizable and reliable for virtual screening potential
HIV-1 integrase inhibitors.

Keywords: QSAR, molecular fingerprint, machine learning, HIV integrase, data-centric,
average precision.

PAT VAN PE

HIV duoc biét dén 1a cin bénh thé ky, s ngudi tir vong duoc udce tinh hon 36 triéu ngudi
tinh tir khi bt dau xut hién vao nhimg nim 1980. Cac thudc trc ché HIV hién nay nhu
dolutegravir, bictegravir, cabotegravir,... v6i kha nang trc ché enzym integrase, mot loai
enzym c6 kha ning tich hop thong tin di truyén cua virus HIV vao té bao vat chu. Chinh vi
vy enzym nay tré thanh mot trong cac hudng tiép cin tiém ning dé tc ché sy phat trién
cua HIV[1].

Tri tué nhan tao da va dang khong ngliimg phat trién trong nhiéu linh vyre sudt thap ky qua.
Sy xuét hién mang tinh d6t ph4 ciia ChatGPT di gidng 1én hoi chudng thong bao cho cudce
cach mang tri tué nhan tao s& cang birc pha trong nhitng nim sip ti. Chinh vi vay, viéc
ng dung tri tu¢ nhan tao vao thiét ké thudc ciing dang dan tro thanh xu thé, dé c6 thé, rat
ngan dugc thoi gian, cong stre va tai nguyén nghién ciru sang loc ao dugc cac hoat chét
tiém nang. M6 hinh mo ta moi quan hé dinh luong gifta cau trac va tac dung (QSAR) la
mot cach tiép can phd bién trong nghién ctu in silico nhim xay dyng dugc mbi twong
quan gita dic diém cua phan tir hod hoc (thong sé mé ta, ddu van tay phan tir) v6i hoat
tinh sinh hoc. Viéc ing dung cac thuat toan manh mé cua hoc may vao mé hinh QSAR da
dat duoc nhiéu thanh cong, nang cao hi¢u nang cua md hinh nhu xay dung dugc cac mo
hinh dy dodn khang ung thu, kha nang dap ung cua thude, doc tinh [2],... Trudc day, viéc



tng dung hoc may thuong chi cha trong dén viéc toi wu thuat toan nham nang cao hiéu
ning cua mod hinh, day 1a hudng tiép can “model-centric”. Tuy nhién, v6i quan diém moi
hién nay, viéc c6 mot bd dir liéu chuin, mé ta déy du cac tinh nang giup nang cao hiéu
nang cua mo hinh vuot trdéi hon so véi hudng tlep can “model-centric”, dugc goi 1a “data-
centric”. V6i dang dir lidu dau van tay, cdc cau truc s& dugc mé hoa du’01 dang bit, mang
dén mot bo dit liéu c6 chiéu rat 16m, do do cach t1ep can data-centric s€ phu hop véi loai dir
liéu nay. Mot loat cac dau vén tay phan tir hai va ba chiéu di dugc phat minh ra ¢é ma hoa
céc dic tinh ciu trac lién quan cta phan tir nho thanh cac chudi bit, cho phép dé dang xiy
dung cac méd hinh QSAR tir cac bo ddu vén tay nay [3]. Trén co s do, cac bd du van tay
phan tir khac nhau d3 dugc ing dung dé xay dung mé hinh may hoc du doan kha ning tc
ché hoat tinh khang HIV integrase.

POI TUQNG-PHUONG PHAP NGHIEN CUU

Péi twong nghién ciru

Tai nguyén tinh todn

Nghién ctru in silico trong dé tai dwoc tién hanh trén may tinh Macbook Pro 2017, CPU
2.3 GHz Dual-Core Intel Core 15, Ram 8 GB 2133 MHz LPDDR3, GPU Intel Iris Plus

Graphics 640 1536 MB, hé diéu hanh MacOS 12.3.1 v&i ngon ngit lap trinh dugc sir dung
la Python 3.9.7 cung thu vién hod tin RDKit [4] va hoc may Scikit-learn 1.1.1 [5].

Dir ligu xdy dung mé hinh

B dir liéu gom 3110 chét trc ché HIV integrase dugc trich xuét tir thu vién ChEMBL 31
[6], duwoc chon Iwa cac ciu triic ¢6 cung phuong phap do hodc phép do tuong dong, voi
hoat tinh d3 duoc chuan hoa thanh gia tri “pChEMBL value”, gia tri duoc nhiéu nghién
clru trén céc tap chi uy tin chap thuan sir dung [7]. Hoat tinh cta cac cau tric ndy dao dong
trong khoang 0,46 nM dén 10000 nM va da dugc chuan hod thanh gia tri “pChEMBL
value” ndm trong khoang 4 — 9.

Phwong phap nghién ciru

Toan b quy trinh cua nghién ctru déu dugc neo gia tri ngau nhién (random_state, seed,...)
& mbc 42, dé dam bao tinh lap lai cua cac thir nghiém. Quy trinh téng quat duoc thé hién
trong hinh 1.
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Xdy dung co dir liéu

3110 céu trac SMILES (*data.csv) di dugc chudn hod gia tri hoat tinh Gc ché HIV
integrase duoc dwa vao ngdn ngir 1ap trinh Python dé xtr 1y: loc cac cu tric SMILES bi
trung, sau d6 toi thiéu hod nang lugng va tinh toan cac du van tay phan tr bang thu vién
RDKit. Nghién ctru str dung ba loai ddu van tay khac nhau bao gdm:

- MACCS thudc nhom dau van tay khod cdu trac (structural key fingperprints), mo ta sy
hién dién hodc ving mit ctia cac nhdm chirc nang da duoc xac dinh trude [8].

- ECFP4 (Extended-connectivity fingerprints): thugc nhom dau _van tay tron (circular
fingperprints), ghi lai cac lién két moi trudong xuyén tim ciia mdi nguyén tir v6i sy gia
tang cac 16p vo cua li€n két nguyén tir [9].

- Dau vén tay RDKit (RDKF): thu6c nhom dau vén tay topo (Topological fingerprints),
nidm bét cic dudng din cua cac dic diém phan tir, chiéu 1én mét sb lién két nhat dinh
[10].

Nghién ctru xay dung 7 bd dit liéu (*data_fp.csv) 13 t6 hop cta 3 loai ddu vén tay phan tir

trén bao gém: MACCS; ECFP4; RDKF; MACCS + ECFP4; MACCS + RDKF; ECFP4 +

RDKF; MACCS + ECFP4 + RDKF.

Tién xiv ly di ligu

- M6 hinh hoc may huéng dén viéc phan loai nhi phan, nén can chuyén gid tri
“pChEMBL Value” sang cac gia tri “0” (khong co6 hoat tinh) va “1” (c6 hoat tinh) dya
trén ngudng phan loai. Nghién curu lya chon ngudng phan loai 1a 7 (twong duong véi
gia tri IC50 = 100 nM).

- Phdn chia dit liéu: tap dit liéu phai duoc phan chia bang thu vién Scikit-learn thanh tip
huén luyén (training set) va tip dénh gi ngoai (external validation set) theo ty 18 4:1,
theo nguyén 1y “phéan téng”

- Logi bo hang trung lap va cot trung lap.

- Loaqi b6 cdc diu van tay c6 phwong sai thdp: tinh toan phuong sai cho timg diu van
tay, cac dau van tay c6 phuong sai <0,05 dugc loai bo.

- Xur Iy ngoqi lai: cac ddu van tay phén tir chi ¢ gid tri 0 hodc 1 nén s& khéng c6 dir lidu
ngoai lai don bién theo bach phan vi. Nghién ctru sir dung phuong phap xur Iy ngoai lai
da bién dya trén thuat todn yéu t6 ngoai lai cuc bo (Local Outlier Factor).

Luwa chon déu vén tay phén tiv

Céc diu van tay phan tir thuong ¢ sb chiéu rat 1on, nhu RDKF c¢6 dén 2048 bit twong Gmg
voi tao thém 2048 cot, viée sur dung tat ca cac déu van tay nay dé xay dung mo hinh dé
gy ra hién tuong “1oi nguyén chiéu khong gian” [11], dan dén qua khop (overfiting).
Chinh vi vay, viéc lua chon mot lugng du van tay it hon nhitng vin mo ta duoc khai quat
ciu trac 13 diéu can thiét. Nghién ctru stir dung phuong phap chon loc dic trung ndi tai
(intrinsic) dya trén nén tang cta thudt toan ring ngiu nhién (Random Forest), va dugc
kiém tra hiéu ning thong qua danh gia chéo gip 10 lan, lip lai 3 lan (10x3
RepeatedStratifiedKFold) dua trén dai lwgng do chinh xac trung binh (Average Precision -
AP).

Xdy dung mé hinh hoc may

Cac yéu to dé xdy dung dugc m6 hinh hoc may bao gbm: thudt toan s dung (hdi quy
logistic, rimg ngau nhién, mdy vecto hd tro,...), phuong phap t6i wu mo hinh (stochastic
gradient descent, adelta, adam, rmsprop,...) va cach danh gia md hinh (danh gia ndi va
danh gia ngoai). Nam duogc cac yéu td ndy méi c6 thé xay dung dwgec mé hinh hoc may
hoan chinh. Nghién ctru st dung 15 thuat toan hoc may khac nhau cho tirng b dir liéu bao



gdm cac thudt toan nhu hdi quy logistic (Logic), lang giéng gan (KNN), mdy vector hd tro
(SVM), Gaussian Naive bayes (GNB), Bernoulli Naive bayes (BNB), phan tich phan biét
tuyén tinh (LDA), phan tich phan biét bac 2 (QDA), thuat toan cay quyét dinh (DTree),
rung ngau nhién (RF), Extra Tree (ExT), Adaboost (ADA), Gradient Boosting (Grad),
XGboost (XGB), Catboost (Catbst) va mang noron truyen thang nhiéu 16p (MLP). Tién
hanh danh gia noi biang 10x3 RepeatedStratifiedKFold, két qua danh gia nay dugc sir dung
dé lya chon ra bo ddu van tay phu hop nhét.

Lwa chon b di lidu toi wu

Sau khi xay dung dugc céac biéu dd hop va rau, chon 3 thuat toan t61 wu nhét cho tung loai

dit liéu, tién hanh so sanh d6i dau theo thu hang cua 3 thuat toan. Nghia la cac thudt toan

t6t nhat (nhi hoic ba) ctia cic bd ddu van tay sé so sanh dbi dau voi nhau. B diu van tay

phan tir ndo cho két qua so sanh tét hon s& dwogc lya chon dé tiép tuc xay dung mé hinh.

Téi wu hod mé hinh

Khi chon dugc bo dit lidu tdi uu, nghién ctru tién hanh chon ra thuét toan dé thuc hién tdi

uu hoa. Cac thuat toan duogc so sanh védi nhau voi 2 ti€u chi:

- Tiéu chi chinh: ddnh gi4 chéo cho trung binh (hodc trung vi) diém AP cao hon cac
thuat toan con lai.

- Tiéu chi phu: danh gia chéo cho trung binh (hoac trung vi) F1 score hoac do nhay cao
hon cac thuat toan con lai.

Téi wu hoa siéu tham sd can chu trong vao hai yéu t6:

- Kiém soat van dé qua khdp (overfiting): can can nhic giita do phire tap va kha ning
tong quat hoa cua mo hinh (bias variance tradeoff).

- Giai quyet dir licu mat can bang nghlen ciru dua thém mot gia tri siéu tham sO vao
trong viéc t6i vu mo hinh nham giai quyét dir liéu mat can bang (cost sensitive).

Ddnh gid khd nang tong qudt hod ciia mé hinh

Danh gia ngoai (external validation) lién quan dén viéc sir dung cac bo dit liéu c6 ngudn
gbc doc lap bén ngoai dé danh gia hiéu ning ctia mo hinh dya trén dir liéu dau vao va
thuong dugce coi 1a bang ching khach quan cho kha ning tong quat hoa ctia mé hinh.

Xdc dinh mién wng dung cia mo hinh

Mot trong nhimg khia canh chinh cia mé hinh QSAR 13 xic dinh mién ung dung
(Applicability Domain - AD) cua mé hinh. AD dugc dinh nghia 12 mgt khong gian hoa
hoc duogc xay dung bdi cac b md ta va dap ung sinh hoc dugc sir dung trong qué trinh
xdy dung mo hinh QSAR trén tap huin luyén, va hiéu niang cia mo hinh QSAR sé& bi gidi
han trong AD cua m6 hinh (kha nang néi suy). Trong khi do, kha nang ngoai suy cia mo
hinh QSAR cho chit nim trong khong gian sinh hoc tiém niang nhung ngoai AD s& bi han
ché. Tuy nhién, ciing khong thé khang dinh viéc du doan nay 1a sai, nhu:ng do tin cay cua
du doan s& khong cao bang viéc ndi suy [12]. C6 nhidu cich tiép can mién (mg dung nhu
phuong phép dua trén khoan x4c dinh, phan tich thanh phan chinh, dwa trén khoang cach
(euclid, do twong dong,...), hinh hoc (bao 16i),... Trong pham vi thuc hién, nghién ctru sir
dung két hgp phuwong phap phan tich thanh phan chinh (Principle component analysis —
PCA) va bao 10i (convex hull) dé x4c dinh mién tng dung ctia mé hinh.

KET QUA

Co s dit liéu



3110 dit liéu cac chat co gia tri “pChEMBL Value” trén dich tac dong HIV integrase, loai
bo 347 céu tric SMILES bi trung, dir 1iéu tho con 2763 chit dugc tinh toan ddu van tay
phan tir MACCS (167 bit), ECFP4 (4096 bit) va ddu van tay RDKit (2048 bit) bang thu
vién RDKit, dong thoi t6 hop 3 bo dir liéu trén thanh cac bo hai va b ba, tong cong co 7
bo dir liéu du véan tay phan tir. Cac bo dir liéu dugc xtr Iy doc 1ap va so sanh két qua ¢
tung giai doan véi nhau.

Tién xir Iy dir liéu

- Dit liéu dugc chia thanh 2210 chat thudc tap huan luyén, 553 chét thudc tap danh gia
ngoai, mirc do mét can bang dir liéu ghi nhan 1a x4p xi 1:4, tirc 14 ¢t 5 chét trong co s
dit liéu thi s& c6 1 chét hoat tinh va 4 chét khong hoat tinh.

- Phan tich ngudng phuong sai, loai bo nhirng du van tay c¢6 phuong sai thap hon 0,05,
két qua dugc mb ta trong bang 1.

- Xir 1y ngoai lai da bién bang nhén té ngoai lai cuc bd (LOF) véi thong sé n_neighbors
= 20. Két qua xir 1y ngoai lai duoc tom tit trong bang 1.

Bang 1. Két qua tién xir 1y cua cac bo dit liéu huin luyén

MACCS + MACCS + ECFP4+ MACCS +
MACCS  ECFP4  RDKF ECFP4 RDKF RDKF ECFP4 + RDKF
S6 dau van tay 167 4096 2048 4263 2215 6144 6311
Ty 1¢ mat 27.90%
can bang
S6 diu van tay sau
phan tich nguéng 115 403 1808 517 1855 2433 2547
phuong sai
Chit ngoai lai 0 95 42 63 41 45 37

Luwa chon diu vén tay phén tir

Bay b dir liéu sau khi duoc tién xir 1y van chua thé dua vao huin luyén m6 hinh vi 5O
chiéu con rat 16n. Nghién ctru d3 sir dung 9 phuong phap khac nhau dé giam ! s6 chiéu dau
van tay (chon loc déc trung), sau do su dung thudt toan rung ngau nhién dé tién hanh danh
gia chéo ndi gap 10 1an va lip lai 3 1an (10x3 RepeatedStratifiedKFold) véi dai lwong
danh gi 1a AP. Két qué ddi voi hai phuong phép thong ké mo ta 1a chi binh phuwong va
thong tin tuwong hd, cho g1a tri AP & 7 bo dir liéu dé dudi 0,85. Trong khi do, cac phuong
phap chon loc ddc trung ndi tai ing dung thuat toan may vector ho trg, hoi quy logistic két
hop véi lasso, rimg ngau nhién va boosting cho két qua tot va én dinh hon va c6 thé dat
hon 0,9.

Nghién ctru da chon ra mot thuat toan tdi wu dé giam chiéu dir liéu cho timg bo ddu van
tay phan tir va dugc tom tit trong bang 2.

Bang 2. Két qua chon loc thong s6 mé ta & cac bo dit lidu.
Trong do, dai luong AP dugc bicu dién bang gia tri trung binh + sai so chuan (trung vi)

MACCS +
MACCS+ MACCS+  ECFP4+
MACCS ECFP4 RDKF ECEPA RDKF RDKF ECFP4 +
RDKF
Téi wu SVM SVM ExT XGB ExT Logic XGB
AP 0,847+0,036  0,897+0,033 0,896£0,038  0,897+0,025 0,900£0,030 0,905+0,033  0,903+0,028
(0,848) (0,903) (0,899) (0,900) (0,899) (0,903) (0,906)
S0 dau 105 305 346 196 399 576 400
van tay

Panh gia anh hwéng cia ddu van tay phén tir



Pé danh gia dugc anh huong ciia cac loai dau vén tay 1én hiéu ning ctia mé hinh hoc may,
nghién ctru da st dung 15 thuat todn hoc may khéac nhau cho tirng bd dir 1iéu va tién hanh
danh gia noi bang 10x3 RepeatedStratifiedKFold, két qua danh gia nay duoc sit dung dé
lya chon ra by déu vén tay phu hop nhat.

h P34999¢

D6 chinh xac trung binh - AP

Logic KNN SVM GNB BNB LDA QDA DTree RF ExT ADA Grad XGB Catbst MLP

Hinh 2. Biéu db violin thé hién phan bd két qua danh gia ndi cho bo dir liu RDKit

Nghién ciru tién hanh so sanh d6i dau hiéu ning danh gia cua 3 thuét toan t6t nhat cho
tung bd dir liéu (Bang 3). Két qua, dau van tay RDKF cho két qua t6i wu & ca 3 thuat toan
déu cao hon cac thuat todn con lai khi so sanh theo thir hang.

Bang 3. So sanh két qua xay dung mé hinh cta cac bo dir liéu

MACCS +
MACCS + MACCS + ECFP4+
MACCS ECFP4 RDKF ECFP4 RDKF RDKF ECFP4 +
RDKF
FP 105 305 346 196 399 576 400
Catbst XGB Catbst Catbst Catbst Catbst XGB
1 0,877+0,037  0,910+£0,024  0,920+0,029  0,911+0,022  0,916+0,024  0,918+0,028 0,916+0,025
(0,882) (0,917) (0,926) (0,909) (0,916) (0,919) (0,919)
XGB MLP XGB XGB XGB XGB MLP
2 0,860+0,039  0,904+0,028 0,915+0,028  0,908+0,021 0,911+0,027  0,914+0,029 0,914+0,024
(0,860) (0,908) (0,915) (0,908) (0,911) (0,916) (0,914)
Grad Catbst Grad MLP RF MLP Catbst
3 0,855+0,041  0,903+0,029  0,913£0,031  0,904+0,022  0,907+0,025  0,906£0,030  0,913+0,021
(0,852) (0,908) (0,916) (0,907) (0,907) (0,903) (0,915)

T6i wu hoa mé hinh

Tir két qua ciia bang 3 cho bo dit liéu RDKit c6 thé thdy gia tri AP danh gia noi giira 3
thuat toan Gradient Boosting, XGboost va Catboost chénh I¢ch nhau khong 16n (duéi 0,1
don vi), tham chi c6 thé thay ¢ biéu do violin (hinh 2), mat do Kernel ctia 3 thudt todn nay
tuong ddng voi nhau. Néu chi dwa vao 1 dai luong AP, rat kho dé chon ra thuat toan tot dé
t6i wu, vi vay nghién ctru dua thém 2 tiéu chi phu dé danh gia khac 1a F1 score va do nhay.



F1 score

Grad XGB Catbst Grad XGB Catbst
Hinh 3. So sanh hi¢u ndng cta 3 thuat toan voi dai lugng F1 score (trdi) va dd nhay (phai)

Tir két qua cua hinh 3, gia tri F1 score cua thudt toan Gradient Boosting thip hon so véi
hai thuat toan con lai. Pidu ndy cang dugc khing dinh khi danh gia thém dai luong do
nhay vao so sanh, thuat toan Gradient Boosting cho diém sb danh gia ndi trung binh dudi
0,8 thip hon so v&i hai thuat toan con lai. Chinh vi vy, nghién ctru chon thuat toan
XGBoost dé tdi wu cho mé hinh hoc may vi tdc do huan luyén mo6 hinh nhanh hon so voi
Catboost.

XGBoost 14 tir viét tit ciia eXtreme Gradient Boosting, dé cap dén k¥ thuat day giéi han
tai nguyén tinh toan cho cac thuat todn cdy tang cuong (boosting). Pay 1a mot thuat toan
tong hop (ensemble) trong d6 cic md hinh méi duge thém vao dé sta cac 16i cho cac mo
hinh hién tai. Cac mé hinh dugc thém vao tudn ty cho dén khi khong thé cai thién hiéu
nang duoc thém nira. Nghién ctru st dung cac si€u tham s6 dé kiém soat viée hoc cua
XGBoost bao gom:

Bang 4. Gia tri si€u tham s6 duogc khao sat va gia tri toi uu

Siéu tham s6 Y nghia Khoang khao sat Gia tri toi wu
n_estimators S6 luong cay quyét dinh [50;100;150:200;250;300] 100
max_depth Do sau tdi da cta cay [2:3:4;5;6;7] 4
gamma Su giam ham mat mat toi thiéu [0,2;0.,4;0,6;0,8;1,0] 0,2
dé c6 thé tao ra mot node 14
min_child weight SO luong mau t6i thiu trong [1;2;3:4;5] 2
mot node con
reg lambda Chinh quy hoa L2 [0,01; 0,1; 1; 10] 1
reg alpha Chinh quy hoa L1 [0,01; 0,1; 1; 10] 0,1
scale_pos weight  Trong s6 can bang cho 16p [1;2;3;4;5] 3

hoat tinh va khong hoat tinh

Két qua danh gia mé hinh trudc va sau khi t6i uvu duoc biéu dién trong hinh 4.



D6 chinh xac trung binh - AP
F1 score
Do nhay

XGBoost XGboost tune XGBoost XGboost tune XGBoost XGboost tune

Hinh 4. So sanh hiéu ning mé hinh XGBoost trudc va sau khi tdi uu

Panh gia kha ning tong quat hoa ciia md hinh

Tép dir liu danh gia ngoai (20%) dugc chia tu luc dau dugc dung dé danh gia kha ning
tong quat hoa cia mo hinh. Két qua dugc mé ta chi tiét trong bang 5.

Bang 5. Két qua danh gia noi va danh gia ngoai ciia mé hinh XGBoost

Panh gia noi Danh gia ngoai
AP F1 Do nhay AP F1 Do nhay
XGB 0,914 0,836 0,815 0,906 0,829 0,805
XGBoost_tune 0,917 0,841 0,843 0,909 0,828 0,814

Xac dinh mién &ng dung ciia moé hinh

Trong phan tich don bién, ddu van tay chi c6 gia tri 0 hodc 1 nén hau nhu khong cé gidi
han cic bién nhur trong thong s6 mo ta. Tuy nhién, khi xem xét mot cach tong quat cac dau
van tay trong khong gian cé thé cé twong quan v6i nhau nén khong thé chi phan tich don
bién. Nghién ctru stt dung phuong phap phan tich thanh phan chinh (PCA) dé giam s6
chiéu cta bo diu van tay RDKF xudng con 2 chiéu va xem phan b cta cac chit trong
khong gian (Hinh 5A). Mién mg dung duoc xac dinh 1a _vung khong gian bao phu tbi da
bai tap huén luyén. Cac chit trong tip danh gia ngoai nam ngoai khoang khéng gian hai
chiéu nay s& duoc xac dinh 1a gia tri ngoai mién tmg dung va s& c6 do tin cay khi dy doan
thap hon. Nhu vay, phuong phap xdy dung mién gi tri trén tap huin luyén s& quyet dinh
do 16n cua khoang khong gian d6. Nghién ctru str dung phuong phap bao 16i dé xac dinh
duoc khéi da giac (polygon) bao phu dugc tap huén luyén. Dya vao hinh 5B, c6 thé nhan
thiy c6 mot gia tri cta tp danh gia ngoai nam ngoai mién gidi han dugc xac dinh boi
duong mau den. Tuy nhién, c6 dén 6 diém nam trén duong gidi han. Nhimg chat nam qua
mot nira ra ngoai duong gidi han dugce xac dinh 13 chat nim ngoai mién tng dung (hoic
gia tri ngoai lai). Tu do, 3 chdt ¢4 mi dinh danh 1an luot 1 CHEMBL492667,
CHEMBL560185, CHEMBL1770429 cua tip dénh gia ngoai duoc xac dinh 13 nhiing ciu
tric ndm ngoai mién ng dung va c6 do tin cay thap khi st dung moé hinh QSAR nay dé
du doan.



o . Biéu db ham I6i k_ét hop
Biéu d6 phan tich thanh phan chinh phan tich thanh phan chinh

PC2

PC1 : ‘ PC1

Hinh 5. (A) Biéu d6 phan tan s dung phan tich thanh phan chinh mo ta khong gian hoa hoc cua
bd dir licu RDKF. (B) Mién tng dung dua trén ky thuat phan tich thanh phan chinh va bao 161

BAN LUAN

Céch tiép cin hoc may truyén thong thudng chu trong vao giai thuat, tuy nhién, viéc tdi uvu
mo hinh thuong mat nhiéu thoi gian va cai thién hiéu ning khong dang ké. Trong khi xu
thé phét trién mo hinh hoc mdy dua trén nén tang dit liéu (data-centric) dang 1a xu hudng
moi, voi hi¢u nang dugc cai thién tdt hon [13]

Khi so sanh mot cach don 1é ba loai ddu van tay phan tir voi nhau, bd van tay RDKF (346)

cho hiéu ning vuot trdi (déu cao hon 0,1 don vi) so voi MACCS (105) va ECFP4 (305).

Trong do, bo dau van tay MACCS cho két qua kém nhét, khi hau hét cac danh gia diém s0

AP déu duéi 0,9. Tuy nhién, khi t6 hop cic bo dau van tay, hiéu ning co ting nhung van

thap hon khi so sanh v6i RDKF:

- T6 hop MACCS + ECFP4 (196 dau van tay): t6 hop nay cho két qua t6i uu hon so voi
don 1¢ tirng bd dau vén tay.

- T6 hop MACCS + RDKF (399 diu vén tay): t6 hop ndy cho két qua tdi wu hon so voi
MACCS don 1é, nhung cho két qua thép hon (0,04 don vi) khi so sanh vd1 RDKF, méac
du s6 luong diu van tay st dung mé hinh 13 nhiéu hon.

- T6 hop ECFP4 + RDKF (576 diu vén tay): voi s6 luong ddu van tay sau khi trich loc
dac trung 1a 576, dugc nhan dinh Ia tiém nang nhét khi c¢6 thé mé ta duoc nhiéu dic
tinh phan tir nhét, t6 hop nay da cho két qua danh gia cao hon hau hét cac bo dir lidu
con lai, nhung van thip hon so v6i RDKF.

- T6 hop MACCS + ECFP4 + RDKF (400 diu van tay): két qua danh gia cua td hop nay
dé t6t hon so véi MACCS hay ECFP4 don 1¢, nhung van thap hon so véi RDKF.

Tir cac phan tich trén, c6 thé thiy sb lwong diu van tay c6 anh hudng dén hiéu ning cia

mé hinh. Sb luong dau van tay nén ¢ muc 300-400 dé co6 thé dat dugc hiéu nang mé hinh

tir trung binh dén tot.

Mot phan tich biéu d6 13i (cross-entropy trong truong hop phén loai) duoc thyuc hién dé

ching minh mé hinh khong bi qua khop. Biéu d6 bao gdom truc tung 1a cross-entropy (log

loss) cua tdp huidn luyén va kiém tra, truc hoanh s& biéu dién sb cay quyet dinh

(n_estimators) duoc sir dung (n_estimators). Ttr do thi theo ddi 18i (Hinh 6) c6 thé thiy mo

hinh chua t6i diém bi qua khop. Tuy nhién, tir ciy quyét dinh thir 50, cross-entropy cia

tap huin luyén va kiém tra da bat ddu c6 xu huéng giam cham va di ngang & epochs thi

100. Piéu nay ciing trung khép véi két qua tdi wu cia md hinh, chon ra n_estimators =



100. Nhu vay, co6 thé thdy voi siéu tham n_estimators = 100, thi md hinh XGBoost s&
khong bi qua khop.

XGBoost Log Loss

—— Train
Test

Log Loss

\

0 50 100 150 200 250 300
n_estimators

Hinh 6. Biéu d6 theo ddi 16i huan luyén
KET LUAN

Nhém nghién ctru di danh gia dugce anh huéng cua ddu van tay phan tir 1én hiéu ning cta
m6 hinh hoc mdy, két luan ddu van tay phan tit RDKF c6 anh huéng 16n dén hiéu ning du
doan cia mo6 hinh. Thuat toan XGBoost cho théy hi€u nang tdt va on dinh & hau hét cac bod
dir liéu, dic biét 1a dau van tay phan tir RDKF. M6 hinh XGBoost sau khi tdi uu cho két
qua t6t hon so voi ban dau v6i két qua danh gia ngoai déu cao nhu trung binh d6 chinh xac
(0,91), F1 score dat 0,83, d§ dung 1a 0,92, d6 nhay la 0,814 va d§ chinh xac la 0,84.
Nghién ctru sé& tién hanh trién khai giao dién nguoi dung cho viéc du doan kha nang tic ché
HIV integrase, két hop cung tng dung “hoc tich cuc” trong qua trinh kiém thir, tong hop
va thir hoat tinh e ché HIV Integrase ctia cac chit tir thu vién ndi bo, dé nang cao hiéu
ning dy doan ciia mo hinh. Tir d6, sang loc quy md 16n dé “tai dinh vi thudc” hodc tim ra
dugc cau tric tiém nang diéu trj HIV.
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