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TOM TAT— Hoc may (Machine Leaning - ML) da tré thanh moét trong nhitng kj thuat manh mé trong Héa tin hay Hoa tin
hoc (Cheminformatics) con goi 1a hoa hoc tinh toan, né da dwgc rng dung trong nhiéu bai toan khac nhau. Chéng han, trong
ho4 hoc, hoc may dwoc dung trong viéc khdm pha thudc, dw do4n doc tinh va thiét ké vat lidu. Trong bai bdo ndy, nhim muc
dich cung c4p mdt khédo sat chung vé ML trong héa tin, chiing tdi bat dau bang cach thao luan vé cac khai niém co ban ctia ML,
sau d6 xem xét cac loai thuat todn ML khic nhau dd dwoc 4p dung cho cic bai todn Héa tin. Qua dé cung cip cho cac nha
nghién ctru va nhitng ngwoi thwe hanh trong nganh Hoa tin hiéu biét thiu dao vé viéc 4p dung nhirng ki thuit, phwong phap
cda tin hoc; dong thoi dwa ra mot s thach thirc cling nhw co hoi dé nghién ctru phat trién. Phan cudi cung trinh bay mot
nghién cttu thir nghiém qua viéc xac dinh hoat tinh dwa trén tap mau chita cac xét nghiém sang loc do t6 chirc Burnham
Center for Chemical Genomics thwc hién, nham tc ché biéu hién bé mit t&€ bao VCAM-1 do gen TNFa gy ra. Day 1a mot tap
mau cé ty 1é chénh léch rat cao gitta s6 lwong mau ctia hop chap cé hoat tinh va khong cé hoat tinh. Két qua cho thdy mé hinh
phén loai dworc lwa chon twong d6i phtt hop thong qua thwéc do AUC va G-mean.

T khéa— HoA tin, hoc phéi hop, mit can bing dit liéu, hoc may, hoat tinh sinh hoc.
I. GIO'1 THIEU

Héa tin hay Ho4 tin hoc (Cheminformatics) con dwoc goi 1a Ho4 hoc tinh toan, diy 12 mot nganh néi 1én nhw mot
nganh khoa hoc quan trong, lién quan dén viéc phét trién va rng dung cic phwong phdp tinh todn dé€ phan tich,
lwu trir va truy xuét théng tin hdéa hoc. Thanh twu vé Hoa tin xudt hién & nhiéu linh vuc cling nhw nganh khac.
Chéng han, (1) linh virc khdm ph4 thuéc, nham xac dinh cac loai thudc tiém ning méi bang cach sang loc co s&
dir liéu 16m vé cac hop chit héa hoc dé tim cic hop chat cé dic tinh mong mudn; (2) nganh khoa hoc vat liéu,
nham thiét ké cac vat liéu m&i véi cac dic tinh mong muén bing cach tim ki€m cac mAu trong tap dit liéu 16m vé
dir lidu vat liéu; (3) nganh khoa hoc méi trudérng nhdm xac dinh va theo ddi cac chat gdy 6 nhiém méi treong
bing cach phan tich cac tap dit liéu 16n vé cdc mau mdi trudng. Thuc chat day 1a mot nganh mang tinh da nganh,
ban than né ndm & khu vuc giao diém cla hda hoc, khoa hoc may tinh, khoa hoc dit liéu va cong nghé thong tin.

Da&i véi nganh Hoda hoc, nhitng ti€p cin cla Ho4 tin c6 thé dwoc s dung dé gidi quyét mot s bai toan cu thé nhw
biéu dién va phan tich nhiéu loai théng tin héa hoc nhu:

e (C4utao hod hoc: Cau tao hoa hoc dé biéu dién cac cdu tric hoa hoc, qua doé thé hién su sap x&p cac nguyén ti
trong phan ti. Ciu triic héa hoc c6 thé dwoc thé hién theo nhiu cach khac nhau, bao gobm chudi SMILES, ma
InChl va ban vé 2D va 3D.

e Tinh chat vatly: Tinh chit vat ly 12 tinh chat cta cic phan tir c6 thé do dwoc, chang han nhw khéi lwgng phan
tl, diém ndéng chay va diém soi. Tinh chit vat 1y c6 thé dwoc str dung dé mo ta cac phan t& va dy dodn hanh
vi cia chung.

e Hoat tinh sinh hoc: Hoat tinh sinh hoc la kha ndng twong tac cia mét phan tir véi cac hé théng sinh hoc,
ching han nhw protein va t& bao. Hoat dong sinh hoc c6 thé dwgc st dung d€ xac dinh cac loai thudc tiém
nang va thiét ké cac vat liéu maéi véi cac dic tinh mong mudn.

Tl d6 c6 thé nédi cac thanh tyu ctia Hod tin cho phép cic nha nghién ciru diéu hwéng trong khdng gian héa hoc
rong 1ém, c6 thé dy doan cac dic tinh phan tir va thiét k& cac hop chidt nhim muc tiéu ng dung cho nhirng van
dé cu thé ctia hod hoc ditra.

Bang cach khai thac sttc manh clia cac phwong phap tiép cin dwa trén dit liéu va mo hinh tinh toan, Héa tin déng
vai tro then chét trong viéc hwéng din cac quy trinh ra quyét dinh, gidm chi phi va gidm thiéu thoi gian can thiét
cho cac thi nghiém trong phong thi nghiém truyén théng. Dic biét, véi sw ting trwdng theo cdp s6 nhan cda dir
liéu c6 s&n va nhu cau ngay cang ting d8i véi cac quy trinh phat trién thudc hiéu qua, héa hoc da tré nén khong
thé thiéu trong viéc thic ddy kham pha va t8i wu héa cac phwong phap tri liéu méi.

Mot s6 thanh twu cia khoa hoc may tinh, khoa hoc dit liéy, cling nhw cong nghé thong tin. Ddc biét trong s6 do,
phé bién nhit la 2 linh vwe: hoc may va khai thac di liéu da dwoc st dung nhiéu trong Hoa tin.
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Hoc mdy (Machine Learning) 1a mot phwong phap dé tao ra san pham tir tri tué nhan tao (khong phai tir tri
tué con nguoi) thong qua viéc xay dung chwong trinh may tinh hoc tir dir liéu ma con nguoi thu thap dwoc.
Hoc méay dugc str dung trong hoa hoc nhdm khai thac thong tin tir dir liéu roi tw dé xudt mo hinh - ban chit
12 thut toan - d€ c6 thé dw dodn cac dic tinh ctia phan ti, xac dinh cac loai thudc tiém ning ciing nhw thiét
ké cac hop chit mai.

Khai thac dit liéu (Data Mining) 1a mot qué trinh trich xuat cdc mAu, cic quy luit tir nhitng tap dir liéu 16m.
Cac phwong phap trong khai thac dit liéu dwoc st dung trong héa hoc dé xac dinh cac mau trong dit liéu héa
hoc c6 thé dwgc st dung dé cai thién hiéu qua kham pha thudc, khoa hoc vat liéu va khoa hoc mdi trudng.

Trong linh vwrc hoc may da c6 nhirng thanh twu dang ké vé mat hoc thuét, va ciing khong dirng lai & d6, hoc may
d3 xAm nhap vao rat nhiéu linh vic clia thuc tién dit ra. Cac thuat toan hoc may c6 thé dwoc phan loai mot cach
co ban thanh hai loai: hoc c6 gidm sat va hoc khdéng gidm sat. Cac thuat toan hoc c6 gidm sat nhdm hoc tir dit liéu
da duoc gan nhan véi ddu ra mong mudn. Vi du, mot thuat toan hoc c6 gidm sat c6 thé dwgc hudn luyén dé duw
doan ddc tinh ctia mot hop chat héa hoc dwa trén ciu tric clia né. Thuat todn hoc khong giam sat nhdm hoc tir
dir liéu khong dwoc gian nhan. Vi du, mét thuat toan hoc khong giam sat c6 thé dwoc sir dung dé€ phan cum cac
hop chit hoa hoc dwa trén sy giong nhau vé ciu tric cia chung.

C6 nhiéu thuat toan hoc may khac nhau, méi thuat to4an c6 diém manh va diém yéu riéng. Mot s6 thuat todn hoc
may pho bién nhit dwoc st dung trong Hoéa tin bao gom:

May vecto hd tro (SVM) 1a mot thuat toan thudc loai hoc c6 giam sat, cé thé dwoc st dung cho cac nhiém vu
phén loai hodc hoi quy. SVM dwoc biét dén véi do chinh xac cao, nhwng ching c6 thé mat thoi gian vé mit
tinh to4n dé dao tao.

Mang neural (Artificial Neural Network) ciing la thuit toan hoc c6 giam sat, dwoc 14y cdm hirng tir bd nio
con ngwoi. Mang lwédi than kinh c6 thé dwoc st dung cho nhiéu nhiém vy, bao gobm phén loai, héi quy va dw
bdo. Mang lwdi than kinh ¢é thé rat manh, nhwng ching cling cé thé khé dao tao va giai thich.

Hoc phdi hop (Ensemble Learning) la mét phwong phap trong dé nhiéu mé hinh hoc may dwgc két hop lai
d€ tao thanh mo6t mo hinh manh hon, thay vi st dung m6t mo hinh don 1é d€ dw doan. Co ché hoat déng nhw
vay giup md hinh phdi hop c6 kha ning khang nhiéu, 6n dinh va c6 kha niang téng quat héa t6t hon. C6 nhiéu
phwong phap hoc ph6i hgp phd bién, bao gom:

o Bagging: Ky thuit ndy st dung nhiéu mé hinh déc 1ap dwoc huin luyén trén cac tip dir liéu con duwoc 14y
mAu ngiu nhién tir tip huin luyén ban dau. K&t qua dw doan ctia cdc md hinh con dwoc két hgp dé dwara
duw doén cubi cuing.

o Boosting: Phuwong phap nay tao ra mét chudi cac mo hinh theo tuan tw, trong d6 mbi mo hinh tiép theo
duwoc huin luyén dé c6 ging stra cac 16i dw doan cia mo hinh trwéc dé. Cac dw doan clia cic mé hinh con
dwoc két hgp dé€ dwa ra dw doan téng quat.

o Random Forest: Pay 1a mot phwong phap két hgp cia Bagging va Decision Tree. Random Forest str dung
nhiéu ciy quyét dinh doc 1ap va két hop két qua dw dodn cia tirng ciy d€ dwa ra két qua cudi cung.

o Stacking: Ky thuat nay két hop dw doan clia nhidu mé hinh con bing cach sttr dung mdt mé hinh meta-
learner d& hoc cach két hop cac dy doan nay.

Cac k¥ thuat trong hoc may da cach mang héa nganh Hoéa tin bang cach cung cip cac gidi phap manh mé va hiéu
qua dé phéan tich di liéu, lwa chon tinh ning va 14p mo hinh dy doan. M6t sé thuit toan hoc cé gidm sat
(supervisor) phd bién nhu:

Linear Regression dé dw doén gi4 tri lién tuc dwa trén cac bién dau vao, bang cach tim ra mot md hinh tuyén
tinh t6t nhit € mo td mdi quan hé gitra bién d4u vao va dau ra.

Logistic Regression sir dung dé duw dodn xac suit xay ra cia mdt bién phu thudc dua trén cic bién dau vao.
Thuét todn dwoc sir dung phé bién trong bai todn phan loai nhi phan.

Decision Trees 1a mot ky thuat hoc gidm st st dung ciu tric ciy quyét dinh d€ phan loai hoidc dw doan dwa
trén cac quyét dinh tai cac nit trong ciy.

Random Forest dwa trén viéc két hop nhiéu ciy quyét dinh thanh mot mo hinh dw doan. Tir d6 tao ra mot
tap hop cac ciy quyét dinh ddc 1ap va két hop két qua tir cac ciy nay dé dwa ra dw dodn cudi cling.

Support Vector Machines (SVM) 12 mot ki thuat hoc gidm sat sir dung d€ phan loai hodc hbi quy, bing cach
tao ra mot siéu phang t6i wu dé phan tach cac 16p hodc dw doan gia tri dau ra.

Neural Networks hay con goi la mang thin kinh nhin tao (ANN - Artificial Neural Networks) 1a mot ky thuat
hoc gidm sat dwa trén md phong ciu tric clia ndo ngwdi.

Gradient Boosting str dung dé€ tao ra mét mé hinh dw doan manh tir cic m6 hinh dw doén yéu.
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Cac thuit toan nay cho phép xiy dung cdc md hinh dy doan lién quan dén cac mé ta hda hoc véi cac thudce tinh
hoic cac hoat tinh cu thé. Mot s6 thuét todn hoc khong gidm sat (unsupervisor) nhu :

e K-means Clustering nhidm phan cum hay phin chim dit liéu bang cich tim kiém c4c tAm cum (cluster
centroids) va gan cac diém dir liéu vao cic cum dwa trén sy twong dong.

e DBSCAN (Density-Based Spatial Clustering of Applications with Noise) phdn cum dit liéu dya trén mat dg,
xac dinh cic viing c6 mat dd cao va phan chia cac diém dir liéu vao cac cum.

e Gaussian Mixture Models (GMM) dung d€ m6 hinh héa dit liéu bing phan phéi Gaussian hdn hgp, wéc tinh
cac tham s6 d€ tim ki€m cac cum dwa trén phan phdi ndy. Ban chat 1a thuit todn phan loai khéng giam sat.

e Hierarchical Clustering dé xay dung ciu triic phan cip cta dit liéu bang cach lién két cac di€ém dit liéu gan
nhau, tir viéc hop nhat cic diém dit liéu thanh cac cum 16n hon cho dén khi ¢6 mot cum 1én duy nhit.

e Spectral Clustering nhdm phan tich ma tran d6ng dang dé phan cum.

e Mean Shift Clustering, thuit toan nay dwa trén viéc di chuyén cac diém dir liéu trong khong gian dén cac vi
tri c6 mat do6 dir liéu cao nhit.

Viéc tich hop hoc may trong Héa tin di cho phép tao ra mot loat cac tng dung. Chéng han:

e S dung md hinh Quan hé ciu tric-hoat dong dinh lwgng (Quantitative Structure-Activity Relationship -
QSAR) dé thiét 1ap méi twong quan dinh lwong gitva ciu tric héa hoc va hoat tinh sinh hoc, tir d6 hd tro xac
dinh c4c &ng c vién thudc tiém nang.

e Cac phwong phap sang loc do (virtual screening) str dung thuit toan trong hoc may dé sang loc ban diu cac
hop chit16n, tir d6 xac dinh cic phan ti ¢ thudc tinh mong mudn dé nghién ciru thém.

e M5 hinh ADMET (Absorption - Hip thy, Distribution - Phin phdi, Metabolism - Chuyén ho4, Excretion - Bai
tiét, va Toxicity - Ddc tinh) st dung hoc may dé danh gia ho so an toan va hiéu qua cta cac hop chit hoa hoc.

Ciing chinh vi vy ma ngoai cic thuit ngit thong dung, ngwdi ta con c6 thuit ngit "in silico” dé cip dén viéc st
dung may tinh dé€ thwc hién cdc md phdong va phin tich dwa trén dit liéu va thong tin dwgc thu thip tir nhiéu
ngudn, bao gdm co s& dir liéu, mo hinh toan hoc va phwong phap tinh todn. Thuit ngit "in silico” nay dwoc tao ra
tlr viéc twong rng v&i thult ngi "in vivo” (trong co thé s6ng) va "in vitro" (ngoai co thé séng) [1].

Mic du c6 nhitng tién bd dang ké, viéc st dung hoc may trong Héa tin cling dat ra mot s6 thach thirc. Kha nang
dién giai va kha ning giai thich ca cdc mo6 hinh hoc may van 1a mot méi quan tdm hang dau, vi médi quan hé phitc
tap giita cac dic tinh va mo ta héa hoc c6 thé khong phai ltic nao ciing dé dang dién giai. Ngoai ra, viéc xit ly cac
bo dit liéu hda hoc quy mé 16n va nhiéu chiéu yéu cau cac thuit toan hiéu qua va c6 thé mé rong. Sw khan hiém
dit liéu 1a mot thach thire khéc, dic biét 1a trong béi canh cac sw kién hiém gédp trong tw nhién.

Mot s8 cau hdi mang tinh co ban trong nganh Héa tin. D6 1a (1) cac ngudn dir liéu chinh va phwong phap dwoc st
dung dé thu thap dit liéu héa hoc va sinh hoc 1a gi; (2) 1am thé nao cac cdu tric héa hoc c6 thé dwgc biéu dién va
ma hda mot cach hiéu qua dé phan tich va tinh toan; (3) nhitng phwong phap va thuit todn tinh toan nao dwoc
st dung phu hop cho m6 hinh dw doan, sang loc 4o va thiét ké hop chat phirc tap; (4) dong thoi, cling phai dwa
ra mot s6 san phidm cta Hda tin, bao gdm cac cong cu phin mém nhw kham pha thudc, hdéa gen hoc va nhin dang
san phdm tw nhién.

Phin II tiép theo clia bai bdo sé trinh bay vé ngudn dit liéu, mét s6 cong trinh thu thip dwoc gin diy lién quan
dén ndi dung bai viét, cling nhw thach thirc va co hdi cia nganh Hoa tin. Phén thi I1I trinh bay mét vai phwong
phép gidi quyét cu thé khi gidi quyét bai toan Hoa tin dit ra, trong dé trinh bay phwong phap tiép cin dé giai
quyét mot bai toan cu thé cia Hoa tin d6 12 x4c dinh hoat tinh ctia mdt hgp chit; phin tiép theo sé trinh bay mot
s6 két qua thir nghiém cta bai toan dit ra trong Phan IV. Cudi cung mét vai két luin cling nhw hwéng dé xuat
dwoc trinh bay trong phan V.

II. MOT VAI KHAO SAT LIEN QUAN

A. NGUON DU’ LIEU
Hién nay c6 mot s6 mau hay tap dir liéu (dataset) phd bién dwoc sir dung dé€ huan luyén va danh gia cac mo hinh
trong hoc mdy cling nhu trong khai thac dir liéu danh cho Hoa tin. Mdt s6 ngin hang dir liéu phd bién cung cip
cac dataset nay nhu:

e PubChem la mot nguén tai nguyén lén chira théng tin vé hang triéu hop chit héa hoc va hoat tinh sinh hoc
twong ng. PubChem cung cdp nhiéu tip dir liéu cé thé dwoc st dung trong cic bai toan khac nhau cla
nganh Hoéa tin, ching han cung cAp dit liéu vé ciu triic héa hoc, thudc tinh va hoat tinh ctia cac hop chat; bao
gom ca thong tin vé tidc nhan chéng ung thu, chéng viém, chéng nhiém triing va nhiéu loai hoat tinh khac. Cé
thé tai xudng (download) tap dir liéu lién quan tai dia chi
https://pubchem.ncbi.nlm.nih.gov/docs/downloads.



Lé Thi Thuy Hwong, Tran Vin Ling, Pham Minh Quin 73

e DrugBank la mot ngin hang dir liéu chira thong tin chi tiét vé cdc dwgc phdm da dwoc chdp thuin, bao gom
ca thong tin vé ciu tric héa hoc, co ché tac dong, lién két véi muc tiéu sinh hoc, va cac thudc tinh khac. Dé tai
xudng bd dit liéu DrugBank phi thwong mai nay, cin tao mot tai khoan DrugBank mién phi qua email tai dia
chi https://go.drugbank.com/releases/latest.

e ChEBI chira thong tin vé cic thwc thé hda hoc c6 lién quan dén sinh hoc. Trong d6 bao gobm céac thudc tinh,
c4u truc va quan hé gitra cac thuc thé héa hoc khac nhau. C6 thé tim thdy mot s6 dataset lién quan tai dia chi
https://www.ebi.ac.uk/chebi/; sau d6 c6 thé dung phin mém Avogradro (https://avogadro.cc) d€ hién thi
ciing nhw chinh stra cac hop chat. Chang han, tap tin SDF biéu dién tirng phan tir bao gdm cac théng tin nhw
tén phan t, cong thirc hda hoc, trang thai vat ly, hoat tinh sinh hoc va cac thudc tinh khac lién quan. Dataset
nay co tai dia chi https://ftp.ebi.ac.uk/pub/databases/chebi/SDF/.

e ChEMBL la m6t ngin hang dit liéu lwu trir thong tin vé hoat tinh sinh hoc va thong tin lién quan dén dwoc
phdm. ChEMBL chita dit liéu tir nhiéu nguon, bao gbm ca dit liéu vé hoat tinh va twong tic v&i cac muc tiéu
sinh hoc nhu enzyme va receptor. Co s& dit liéu nay cung cip théng tin quan trong d€ phan tich moi quan hé
c4u tric-hoat tinh (SAR) qua d6 dé phat trién mo hinh dw doan hoat tinh.

e ZINC database: Diy 1a mot ngudn tai nguyén chira thong tin vé hang triéu hop chit héa hoc. Co s& dir liéu
ZINC cung cap dit liéu vé cdu tric héa hoc, tinh chit va mdt sé dic tinh sin c6 clia cac hop chat. Tap dit lidu
nay c6 thé dwoc st dung dé nghién cru kham pha thudc, tim kiém cac hop chit tiém ning va phét trién méo
hinh dw doan.

e MoleculeNet la mot bd swu tip cac tip dir liéu Hoa tin phd bién dwgc tao ra boi doi ngili nghién ciru va phat
trién hoc may Stanford's Medical Al Lab tai Trwdng Dai hoc Stanford. Dataset ndy bao gdm nhiéu tap dit liéu
da dang nhw dw doéan hoat tinh, dw doén tinh hoa tan, dw dodn dd bén v&i enzyme, va nhiéu tac vu khac.

e QM9 la dataset chitra thong tin vé khoang 134 ngan phan tir hitu co nhé gon dwoc tao ra tir cac phan t 1on
hon bing cach ap dung cac phép bién d6i héa hoc tiéu chuin. Trong d6 bao gom cac dic trung héa hoc, ning
lwgng, cdu tric phan ti va cac thudc tinh lién quan.

e Tox21 12 mét tAp dir liéu chira thong tin vé sw ddc tinh cta hang ngan hop chit héa hoc ddi véi mot s6 muc
tiéu sinh hoc. Pay 1a mdt tip dit liéu phd bién trong linh vwrc dw doan doc tinh ctia cac chit hoa hoc va danh
gia tinh an toan cda ching.

B. CONG TRINH LIEN QUAN

Trong Ho4 tin ndi chung c6 rat nhiéu cdng trinh c6 chi sé trich dan cao. Chdng han céng trinh "Chemoinformatics
in Drug Discovery" cia Jun Xu va Arnold Hagler (2002) [2] trinh bay nhitrng thanh twu trong nganh Héa tin va tac
dong cua chung ddi véi cadc quy trinh khdm pha thudc. Mot s6 phwong phap khai thac dir liéu chinh dwoc st
dung nhw tinh todn mo t4, tinh todn ma trin twong déng ciu tric va thuit todn phan loai. Mot s (rng dung cta
Hoéa tin trong kham pha thudc; chang han nhu chon hop chit, sang loc 4o, khai thac dir liéu HTS va ADMET in
silico cling dwgrc trinh bay.

Hai tac gid G. M. Downs, ]. M. Barnard dén tir c6ng ty Barnard Chemical Information Ltd, thuéc nwéc Anh da céng
bd cong trinh "Clustering Methods and Their Uses in Computational Chemistry" (2003) [3]. Bai trinh bay nay gop
phan ting cwong sw quan tAm clia cac nha hod hoc vao st dung cac rng dung cia céng nghé théng tin trong
nghién cttu hoa hoc cia cic phan ti¥ hitu co, ho dwa ra gidi phap dung phan cum dé phan tich hoa hoc, bai bao
néu lén nhitng mat manh cda viéc phan cum &ng dung trong phan tich hoa hoc.

Cong trinh "From Big Data to Artificial Intelligence: chemoinformatics meets new challenges" cua L.V. Tetko va O.
Engkvist (2020) [4], dé cAp dén nhitrng thach thirc va co hdi lién quan dén dit liéu 16n trong Hoa tin. Bai viét nay
trinh bay viéc tich hop dit liéu héa hoc va sinh hoc quy mo 16mn, ciing nhw viéc st dung cac phwong phap phan
tich di liéu 16m va hoc mday dé khai thic va trich xuit nhirng hiéu biét c6 gia tri. Bai viét cling nh4n manh tac
déng cta tri tué nhin tao va hoc may, dic biét 1a mang lwéi thin kinh, ngay cang dwoc st dung nhiéu hon trong
nganh cdng nghiép héa chit.

Trong viéc hién thi, cong cu RDKit d4 kha chudn muc, tuy nhién viéc truc quan hod lién két hoa hoc trong mot
hop chit dwéi dang 3D ciling 1a mét thach thic. Bai viét "Visualizing chemical space networks with RDKit and
NetworkX" [5] cua cac tac gia V.F. Scalfani, V.D. Patel va A.M. Fernandez dang trén Journal of Cheminformatics
vao nam 2022 trinh bay cach tao Mang khong gian hdéa hoc (Chemical Space Networks - CSN) bang cach st dung
workflow ctia RDKit va NetworkX. Qua dé trwc quan héa mo ta cac hop chiat nhw cac nut dwoc két néi bdi cac
canh twong tw gia tri clia ddu van tay 2D. D& biéu dién ciu truc hoa hoc thanh mdt chudi ky tw da c6 quy wéc
SMILES. Tuy nhién, quy wéc nay cling chwa dwgc nhiat quan vi mot hop chit c6 thé viét duwdi dang khac nhau véi
cung quy wéc. Cong trinh "Improving the quality of chemical language model outcomes with atom-in-SMILES
tokenization" cia cac tac gia U.V. Ucak, I. Ashyrmamatov va J. Lee cling da tim cach cach tién dé hgp ly hon. Cong
trinh nay dang trén Journal of Cheminformatics vao 2023 [6]. Md SMILES la mo6t buéc tién x ly quan trong
trong xt ly ngdén ngit tw nhién cé thé c6 anh huwdng dang ké dén chit lwgng dw dodn. Nghién ciru nay cho thiy
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ma théng bao SMILES truyén théng c6 mot han ché nhat dinh din dén viéc ma thong bdo khong phan anh ban
chit thuc sw cta cac phan tir. D€ gidi quyét vin dé nay, cong trinh nay da phat trién so d6 ma hoéa atom-in-
SMILES gitp loai b6 sw mo ho trong ban chit chung ctia ma théng bao SMILES.

Trong viéc kham pha thudc bing cic phwong phap hoc may, cé Cong trinh "Virtual Screening Algorithms in Drug
Discovery: A Review Focused on Machine and Deep Learning Methods" cta tac gia Tiago Alves de Oliveira, Michel
Pires da Silva va cong sw (2023) [7] da liét ké hau hét nhirng thuit todn trong hoc may dwgc dung trong viéc
sang loc 4o d€ hd tro diéu ché thudc. DE xir Iy dit liéu nhdm han ché bét viéc hoc qua dw thira (overfitting) trong
qud trinh huin luyén c6 céng trinh "Large-scale evaluation of k-fold cross-validation ensembles for uncertainty
estimation" [8] dang trén Journal of Cheminformatics ndm 2023. Nhém tac gia tip trung d€ phdi hop ky thuat
kiém tra chéo d€ ting sw hiéu qua. Cong trinh "Predicting the reproductive toxicity of chemicals using ensemble
learning methods and molecular fingerprints" [9] tip trung vao ddc tinh sinh san, mot vin dé quan trong vé an
toan trong viéc danh gia tac dong tiéu cwc clia cac chit hoa hoc trong kham phda thuéc. Cac mé hinh tinh toan c6
kha ndng dw doan chinh xac tiém ning doc hai cia mét chat hoa hoc. Céng trinh nay str dung mo hinh hoc phdi
hop (Ensemble Learning) da dwgc xay dung dé dw doan déc tinh sinh sdn ctia cac hop chit, bén canh do6 con st
dung thuat todn SVM, Random Forest va Gradient Boosting.

C. NHIPNG THACH THU'C VA €O’ HOI CUA HOC MAY TRONG HOA TIN
Ciing nhw moi nganh, khi sir dung nhitrng thanh twu ctia mdy tinh va cong nghé thong tin hiu nhw déu c6 duoc
nhitng thuln loi dé gidi quyét, tuy nhién ciing khéng phai khéng c6 nhirng thach thirc dit ra.

1. THACH THUG’C
C6 mot s6 thach thirc bao gom:

e Tinh sin c6 cla dir liéu (Data availability): Mot trong nhitng thach thitc 1&6n nhat trong hoc may 1a tinh chét
s&n c6 cla dit liéu. Trong Hoéa tin, thwdng thidu dir liéu dwoc gdn nhan, dit liéu ndy can thiét dé€ huin luyén
cac thuit toan ML.

e Chit lwgng dit liéu (Data quality): Ngay ca khi c6 sdn dit liéu dwoc dan nhin, diéu quan trong 13 phai dam
bao rang dit liéu c6 chit lwong cao. Chat lwgng dit lidu c6 thé bi &nh hudng béi mot s6 yéu t6, chdng han nhw
16i thtr nghiém va dit liéu khong day dd. Ngoai ra, c6 mdt s6 dir liéu viéc mat can bang thwong xdy ra, vi trong
tw nhién viéc c6 dic tinh nao d6 thwong it hon rit nhiéu so véi viéc khong cé.

e Kha ning dién gidi m6 hinh (Model interpretability): Mot trong nhitng thach thitc khi sttr dung cdc mé hinh
hoc may 1a ching c6 thé khé dién giai. Piéu nay cé thé gy khé khin cho viéc hiéu mé hinh hoat déng nhw
thé nao va kho dwa ra dw doan dwa trén moé hinh. Ngoai ra, viéc lwa chon mo hinh phtt hgp véi bai toan ciling
1a van dé can dit ra.

2. CO' HOI
Bit chdp nhitrng thach thirc nay, hoc may c6 tiém ning nhw mot sw cach mang héa nhirng van dé ctia héa hoc.
Ching han,

e Ting dd chinh xac: Cac thuit todn hoc may thuwong c6 két qua tinh toan vwot trdi so véi cdc phwong phap
truyén théng d&i véi nhiéu bai toan khac nhau, chang han nhw khdm pha thudc va du doan ddc tinh.

e Giam thoi gian va chi phi: Khi 4p dung thuét todn hoc may cé thé gitip gidm thoi gian va chi phi cho viéc giai
bai todn kham pha thuéc va cac bai toan hoa hoc phirc tap khac.

e Thong tin chi tiét m&i (New insights): Hoc may cé thé gidp cung cip thdng tin chi ti€t m&i vé cic quy trinh va
hé théng hoa hoc.

III. PHUONG PHAP GIAI QUYET VAN PE

A. KHAI THAC TAP TIN TRONG DATASET

1. THU VIEN RDKIT

D& xem ndi dung cac tip tin trong phan ngudén dit liéu (ILA), c6 thé st dung thw vién rdkit-pypi
(https://pypi.org/project/rdkit-pypi/). Dy 1a thw vién d€ dung trong mot chwong trinh dwoc viét bang ngdn
ngit Python. P4y 1a mét bd cong cu ma ngudén mé dung trong Hod tin, hda hoc dwoc phdm (Drug Discovery), hoa
hoc cac hop chat tw nhién va khoa hoc vt liéu. Thw vién rdkit-pypi la mot bo phén trong RDKit. B6 cong cu nay
dwoc phat trién béi mot nhém nghién ctru héa hoc tinh toan tai Scripps Research Institute & La Jolla, California.
Nhém dwéi sy 1anh dao ctia GS. David Weininger. RDKit cung cAp mot tip hop cac cong cu va chirc nang dé xi ly
va phén tich dit liéu hda hoc nhw tao va xir 1y ciu tric hda hoc, tinh toan cac thudc tinh héa hoc, d6 thi hoa hoc,
phan tich phan ti, v.v... Hién nay, RDKit hién dwgc duy tri béi mot nhém cac nha phat trién tir khap noi trén thé
gi¢i. Dy an dwgec tai tro boi nhiéu ngudn khac nhau, bao gém Vién Y t€ Qudc gia Hoa Ky (National Institutes of
Health), Qu Khoa hoc Quéc gia Hoa Ky (National Science Foundation) va Lién minh Chau Au (European Union).

Mot s6 dic diém va tinh ning cia RDKit:
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e Tao vaxtt ly cdu tric héa hoc: RDKit hd tro tao va xt¥ Iy cac cdu tric héa hoc dwéi dang SMILES, InChl va cac
dinh dang héa hoc khac. Pong thoi cho phép nguoi dung viét va xir 1y cic di liéu hoa hoc tir cac ngudn khac
nhau.

e Tinh todn thudc tinh héa hoc: RDKit cung cdp cic cong cu dé€ tinh todn va phén tich cac thudc tinh héa hoc
nhw khoi lwong phén tr, 36 phan cwc, dd kiém, d6 acid, va nhiéu thudc tinh khac. Diéu nay gitp phan tich va
danh gia tinh chit héa hoc cta cac phan tir.

e Xir ly do thi hoa hoc: RDKit cung cip cac cdng cu dé xay dwng, x Iy va phéan tich d6 thi héa hoc, bao gbm
phén tich cdu tric lién két, tim ki€ém mo hinh phan t, tim ki€m d6 thi con va nhiéu tinh nang khac.

e Tich hop véi cic cong cu va thw vién khac: RDKit ¢6 kha ning tich hop véi cac thw vién va cong cu pho bién
khéc trong linh vic héa hoc va hoc may nhw numpy, pandas, scikit-learn, TensorFlow. Diéu nay giip mé&
rong kha ning cta RDKit va két hop né véi cic cong cu khac dé€ thuwe hién cac nhiém vu phitc tap.

RDKit hé trg nhigu ngdn ngir 1ap trinh, nhw Python va C++, nhung trong méi trwong Python, RDKit cung cip cu
phap don gian va dé st dung, gitp cac nha phat trién cling nhw nghién ctru dé dang tao ra san phidm cho riéng
minh.

2. CAU TRUC TAP TIN SDF

Tap tin SDF (Structure-Data File) 13 mdt dinh dang tap tin thong dung trong Ho4 tin, nham dé lwu trit thong tin
vé cac ciu tric hoa hoc va dir liéu lién quan. Tap tin nay dwoc st dung dé lwu trir va chia sé thong tin vé cac phan
tlt, bao gbm ca thong tin ciu tric va thudc tinh hda hoc. C4u tric cia tip tin SDF dwoc t6 chirc dwdi dang cac muc
(entries), m&i muc biéu dién mdt phan tir. Mdi muc bao gom hai phan chinh: phan khéi (block) va phan thudc
tinh (property). Trong dé:

e Phan khdi chita thong tin vé ciu tric hdéa hoc cla phan t véi cac treong nhu tén, SMILES, InChl, d6 thi hoa
hoc (graph), toa d6 nguyén ti, lién két héa hoc, va cac thong tin khac vé ciu tric héa hoc cia phan tik.

e Phan thudc tinh chita théng tin vé cac thudc tinh héa hoc khac cia phan t. Cic thudc tinh nay c6 thé bao
gom khoi lwong phan ti, d6 phan cwc, d6 kiém, do acid, hoat tinh sinh hoc, va cac thudc tinh khéc.

Mdi muc trong tap tin SDF dugc phan tach bing diu "##$$" hodc ddu "$$$$" d€ danh diu su két thic clia mot
muc va sw bat dau clia muc méi. Mot vi du cau tric tip tin SDF nhw Hinh 1:
Molecule 1
SMILES: Cl=CC=C(=L1
MW: 7B.11
LagP: 1.2

5555

Molecule 2
SMILES: CCi(=0)0C
MW: 88.15
LogP: -8.5

5555

Hinh 1. Cdu triic tdp tin SDF

Trong tap tin trén, c6 hai muc, méi muc biéu dién moét phan ti. Trong tirng muc c cac treong nhu SMILES, khdi
lwong phan t& (MW), LogP va cac thudc tinh khac.

Mot tAp tin SDF c6 thé chira nhiéu muc phén tl, cho phép lwu triv va truy xuit théng tin vé nhiéu phin tir trong
mot tip tin duy nhit.

Chang han, tir thw vién ChEBI c6 thé download tip tin https://ftp.ebi.ac.uk/pub/databases/chebi/SDF/
ChEBI_lite_3star.sdf.gz; sau d6 hién thi mot vai muc dau tién ra man hinh. Chwong trinh bang Python dwgc viét
tdng thé nhu sau.

SRR

# Print Molecules from SDF File #

# @author: A.Prof. Tran Van Lang, PhD #

# File: displaySDF.py #

SRR

from rdkit import Chem

sdf_file = 'data/ChEBI_lite_3star.sdf'
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# Doc d liéu tu file SDF va luu trir cac phén t&r vao danh sach molecules
listmolecules = []
with open(sdf_file, 'rb') as file:
supplier = Chem.ForwardSDMolSupplier(file)
for molecule in supplier:
if molecule is not None:
listmolecules.append(molecule)
if len(listmolecules) == 3:
break

# Xuat thong tin cac phan tir ra man hinh
index = 1
for molecule in listmolecules:

print( "\nMolecule #%.d" %index )

index +=1

molblock = Chem.MolToMolBlock(molecule)

# Tao déi tugng Mol tur MolBlock
mol = Chem.MolFromMolBlock(molblock)
print('- SMILES:',Chem.MolToSmiles(molecule))

# Kiém tra xem thudc tinh 'NAME' ¢é tén tai trong phan ti&r hay khong
name = mol.GetProp('NAME') if 'NAME' in mol.GetPropsAsDict() else 'N/A'
print('- Name:', name)
print( ‘- Number of atoms:', mol.GetNumAtoms())
print( - Number of bonds:', mol.GetNumBonds())
print( ‘- Atoms: ',end=")
for atom in mol.GetAtoms():
print(atom.GetSymbol(), end="")
print( "\n- Bonds: ‘,end=")
for bond in mol.GetBonds():
print(bond.GetBeginAtomldx(), bond.GetEndAtomldx(), bond.GetBondType(),end="")
print( "\n---------=-----m----- )

Ké&t qua hién thi nhw Hinh 2.

Molecule &1
- SMILES: Oclec(0)c2clel)O[CeH]l{clceci(0)ecl(0)cl) [CaH](0)C2
— Hame: MN/A

Number of atoms: 21

- Mumber of bonds: 23

- Atoms: C,C,C,C,C,C,C,C,C,0,C,C,C,C,0C,0C,00,0,
- Bonds: 3 @ AROMATIC;@ 20 SINGLE;® 1 AROMATIC:
OMATIC;S & SINGLE;& 7 SINGLE;T 18 SINGLE;7 8 SI
ATIC;12 16 SINGLE;12 13 AROMATIC;13 17 SINGLE;1

ﬂlal

1 2 ARDMATIC;2 19 SINGLE;2 5 AROMATIC;4 3 ARDMATIC:4 9 SINGLE;4 5 AR
MGLE;8 9 SINGLE;8 18 SINGLE;15 18 AROMATIC:18 11 AROMATIC:11 12 AROM
3 14 AROMATIC;14 15 AROMATIC;

Molecule 22

= SMILES: CCL{C)C(=0) [Caad]2({CICCICagH] 1C2

- Name: N/A

- Number of atoms: 11

- Number of bonds: 12

- Atoms: C,C,C,C,C,C,C,C,C,C,0,

- Bonds: 4 9 SINGLE;4 2 SINGLE;9 3 SINGLE;3 @ SINGLE;® 1 SINGLE;1 2 SINGLE;4 5 SINGLE;® 5 SINGLE;4 & SIMGLE;3 7 SIN
GLE;3 B SINGLE;9 1@ DOUBLE;

Molecule £3
- SMILES: #C(=0)OC{COICO[1%]
- Hame: N/A

= Number of atoms: 18

= Nusber of bonds: 9

- Atoms: R1,0,C,0,C,C,0,
- Bonds: @ 1 SINGLE;3 2

C,0,R,
SINGLE;4 2 SINGLE:4 & SINGLE;4 5 SINGLE;1 5 SINGLE:6 7 SINGLE;7 8 DOUBLE;7 9 SINGLE;

Hinh 2. Hién thj 3 phdn tir ddu tién c6 trong file ChEBI_lite_3star.sdf
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3. CHUOI SMILES

Chubi SMILES (Simplified Molecular Input Line Entry System) nhw da dé cip & trén, d6 1a mot dinh dang chudi
duoc st dung dé biéu dién cu tric héa hoc cla cac phan tir. PAy mot phwong tién don gidn va nhat quan dé biéu
dién c4u triic héa hoc ctia phan tir. SMILES da dwoc st dung trong nhiéu (rng dung, bao gdom lwu trit dit liéu hoa
hoc, tim kiém phén t, xy dwng va mé phéng phan t, va phan tich héa hoc dya trén ciu tric.

C4u tric hda hoc cia mot phan tir dwoc biéu dién bing cach st dung cac ky hiéu va quy tic don gian. Cac nguyén
t6 hdéa hoc dwgc bidu dién bang cic ky hiéu viét tit, vi du: C (carbon), H (hydrogen), O (oxygen), N (nitrogen), va
cac nguyén t6 khac. Céc lién két héa hoc gita cac nguyén tir duoc biéu dién bang cac ky hiéu gom "-" (lién két
don), "=" (lién két d6i), "#" (lién két ba), va "." (khong c6 lién két).

SMILES ciing c6 thé biéu dién cac nhém chirc niang, vong va ciu triic phirc tap hon clia phan tit. P& biéu dién
nhém chirc ning, cac ky hiéu nhu "()" va "[]" dwoc stt dung. Chang han, nhém amino (-NH2) cé thé dwoc biéu
dién bang cach st dung "N" va "H" trong ngoic don "(NH2)". Cac vong c6 thé duwgc biéu dién bang cach st dung
s6 chi muc cho cic nguyén t trong vong. Ching han, mot vong benzene (Hinh 3) c6 th€ dwoc biéu dién bing
"C1=CC=CC=C1".

Hinh 3. Vong Benzene

DE& hién thi mot chudi SMILES, ta c6 thé viét chwong trinh nhu sau dung thw vién RDKit:

B i i i
# Display Chemical Structure from SMILES String #

# @author: A.Prof. Tran Van Lang, PhD #

# File: displaySMILES.py #

from rdkit import Chem
from rdkit.Chem import Draw

smiles =[
'C1=NC2=NC=NC(=C2N1)N',  ### Adenine
'C1=C(NC=N1)C(=O)N", ### Cytosine
'C1=NC2=C(N1)C(=0)NC(=N2)N', ### Guanine
'CC1=CNC=NT1', ### Thymine
'CCC(OC(N)C(=0)0!, ### Isoleucine
'CC(=0)N(C)CC(=O)N", ### Lysine
'CCC(O)C(=0O)N(C)S(=0)',  ### Methionine:
'C[C@@H](C)C(=O)N' ### Valine

]

# Chuyén mang céac chudi SMILES thanh mang céc c4u tric hoa hoc
mols = [Chem.MolFromSmiles(smile) for smile in smiles]

# Xem cau tric hod hoc ctia Adenine
Draw.MolTolmage(mols[0])

Trong trudng hop mudn xut tit cac cac ciu tric hod véi mdi dong cé 4 ciu tric nhw Hinh 4, dung cau 1énh sau
d€ hién thi nhiéu c4u tric héa hoc trén cing mot hinh anh.

img = Draw.MolsToGridlmage(mols, molsPerRow=4)
display(img)
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Hinh 4. Biéu dién cdu triic hod hoc ctia 4 nucleotide vi 4 trong s6 9 amino acid thiét yéu

HO

0 NH,

Ngoai ra, cling c6 thé xuit cac cu tric nay thanh nhitng tap tin hinh anh dang PNG riéng bing 1énh:

Draw.MolTolmage(mols[2]).show()

4.

CHUOI INCH

Chudi InChl (International Chemical Identifier) 1a mot chudi ky tw tiéu chu&n dugc stt dung d€ mé ta dic diém
c4u truc va hoa hoc ctia mot phan tit. Qua do6 cung cip phwong phap doc 14p ngdn ngir d€ dai dién cho mot phan
tlr va cho phép truyén tai thong tin vé ciu tric hoa hoc mot cach chinh xac va duy nhat. Tinh duy nhat ctia chudi
InChl 12 mot dic di€ém quan trong, tiec 13 ciing mdt ciu tric héa hoc chi ¢6 mot InChl, ddm bao tinh nhit quén va
pht hop trong viéc truyén tai thong tin héa hoc gitra cac ngudn dir liéu va rng dung khac nhau.

Chubi InChl dwoc chia thanh cac phan (layers) khac nhau, mdi phin dai dién cho mét khia canh cu thé cta ciu
tric hoa hoc. C4u tric co ban cta chudi InChl bao gdm céc phan sau:

Layer 1: Pinh danh héa hoc (chemical formula), dai dién cho céng thirc héa hoc ctia phan ti, bao gom cac
nguyén td va s6 lwong nguyén tlr twong irng.

Layer 2: Két hop (connectivity), dai dién cho két néi gitta cdc nguyén tir trong phén tir. St dung cac chi sd s
nguyén dé chi ra quan hé két néi gitra cic nguyén tit.

Layer 3: Chitrc ning hoa hoc (chemical functionality), dai dién cho cac tinh chit chitrc ning ciia phan t, bao
gdm cac nhém chirc nang va cac khéi chirc nang (functional groups).

Layer 4: Stereochemistry (khdng gian hinh hoc), dai dién cho théng tin vé ciu tric khéng gian ctia phan tt,
bao gdbm cac loai stereochemistry nhw cis/trans, R/S, E/Z.

Layer 5: Thong tin vé isotop (isotopic information), dai dién cho théng tin vé cidc dong vi cia cic nguyén td
c6 trong phan ti.

Layer 6: Thong tin vé protonation state (tautomerization and protonation), dai dién cho théng tin vé
tautomeric va trang thai protonation cda phan tt.

Mbi phan dwgc phan tach bang d4u gach chéo ("/") dé tao thanh mot chudi InChl hoan chinh. C4u tric nay cho
phép mo ta chi tiét vé ciu tric va tinh chit héa hoc cia mot phan tir mot cach chinh xac va duy nhit.

Chéng han chudi InChl dai dién cho phan ti ethanoic acid (acid acetic):

InChl=1S/C2H402/c1-2(3)4/h1H3,(H,3,4)

Trong do,

Layer 1: C2H402 dai dién cho cong thirc hda hoc ctia phan tr ethanoic acid.

Layer 2: Khong c6 théng tin két ndi dwoc dwa ra vi phan tir chi ¢6 2 nguyén tir C va 4 nguyén tlr H dwoc néi
v&i nhau mot cach don gian.

Layer 3: Pai dién cho chitc ndng héa hoc clda phan t, trong treong hop nay la mot nhém carbocylic acid
(COOH).
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Layer 4: Khong c6 thong tin stereochemistry dwgc dwa ra vi ethanoic acid khéng chira cac trang thai khong
gian quan trong.

Layer 5: Khéng c6 thong tin vé isotop vi ethanoic acid khéng chira cic dong vi.

Layer 6: Khong c6 thong tin vé protonation state vi ethanoic acid khong ton tai trong cac trang thai
protonation Khac nhau.

Chudi InChl nay mo6 ta day da cac khia canh cu tric va tinh chit hdéa hoc clia ethanoic acid, giup dam bao tinh
duy nhit va chinh xac ciia md ta héa hoc.

Chwong trinh hién thi chudi InChl bing cach ding hAm MolFromInchi(), thay cho ham MolFromSmiles() khi doc
chudi SMILES

from rdkit import Chem

from rdkit.Chem import Draw

# Chudi InChl cta phéan t& ethanoic acid
inchi = "InChl=1S/C2H402/c1-2(3)4/h1H3,(H,3,4)"

# Tao déi tugng Molecule tir chudi InChl
mol = Chem.MolFrominchi(inchi)

# V@& ciu trac hoa hoc

Draw.MolTolmage(mol)

Chubi InChlI cta 4 nucleotide trong trinh tw DNA:

Adenine (A) : InChl=1S/C5H5N5/c6-4-3-5(9-1-7-3)10-2-8-4/h1-2H,(H3,6,7,8,9,10)
Cytosine (C): InChl=1S/C4H5N30/c5-3-1-2-6-4(8)7-3/h1-2H,(H3,5,6,7,8)

Guanine (G) : InChl=1S/C5H5N50/c6-5-3-1-2-7-4(3)8-9-5/h1-2H,(H3,6,7,8,9)
Thymine (T) : InChl=1S/C5H6N202/c8-5-3-7-2-1-6-4(5)9/h1-3H,(H2,6,8,9)

Luu ¥ rang chudi InChl nay chi biéu dién c4u tric héa hoc cla tirng nucleotide va khéng bao gom thong tin vé vi
tri lién két trong chudi nucleotide.

Chuing ta c6 thé tao chudi InChl tir c4u tric hod hoc, ching han véi ciu tric trong chudi SMILES dwoc viét nhw
sau v&i thw vién RDKit:

from rdkit import Chem

smiles = 'C1=NC2=NC=NC(=C2N1)N'  ### Adenine
mol = Chem.MolFromSmiles(smiles)

inchi = Chem.MolTolnchi(mol)

print(inchi)

B. BAI TOAN XAC PINH HOAT TINH HOP CHAT HOA HOC

1. PAT VAN BE

Trong tap dir liéu vé cac thir nghiém sinh hoc (dung trong sang loc - screens), viéc do lwong hoat tinh (activity)
clia cac hop chit khic nhau ddi v&i cadc muc tiéu sinh hoc khic nhau thuwdmng c6 sw mat cin bing 16m gitra loai c6
hoat tinh (Active) va khong c6 hoat tinh (Inactive), trong d6 s6 lwong dir liéu khong c6 hoat tinh 16n hon nhiéu.
Chinh vi vdy, viéc huin luyén ciing phai sttr dung mé hinh hoc may phtt hgp. Mot s cong viéc sau diy cin x ly
trwdc khi dung phwong phap hoc may dé huin luyén:

Khdo sat sy phu thudc cla cac thudc tinh hay dic trung (feature) trong tip div liéu, cé thé sir dung cac
phuwong phap nhw ANOVA F-test d€ danh gia sw phu thudc ciia méi dic trung déi véi bién muc tiéu, hodc co
thé st dung hé sd twong quan. Qua dé c6 thé rut gon thudc tinh.

Tinh chinh dir liéu d€ tranh sw chénh 1éch cac quan sat (data point) trong ciing mot dic trung.

Xt ly mAt can bang dit liéu bang k§ thuat 1dy mau lai (resampling) nhw ting cwong mau (oversampling) hay
giam s6 lwong miu (undersampling ).

bong thoi cling phai két hop thém k§ thuit tim kiém lwéi (Grid-Search) phéi hop kiém tra chéo (Cross-
Validates) dé tim cac tham sd dang sensitive nhw learning rate, epoch, batch va cd cic tham s6 dang
insensitive.

DE giai quyét van dé nay, chung ta c6 thé dung thu vién Scikit Learn (https://scikit-learn.org/stable/)
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2. RUT GON THUOC TINH

a) Xét sw anh hwong 1én bién muc tiéu

Phuwong phap phan tich bién s6 ANOVA (Analysis of Variance) 13 mot phwong phap théng ké dwoc sir dung dé
danh gia mirc do phu thudc cha cic dic trung (features) ddi véi bién muc tiéu (target variable). Muc dich dé
kiém tra xem c6 sw khéc biét dang ké gitra cdc nhém dwoc tao ra bdi cic dic trung khac nhau hay khéng. Cach
thtrc thuc hién bing cach tinh toan sw bién ddng giita cdc nhom va sy bién dong trong cac nhém, va tir d6 dwa ra
gia tri F-statistic (hat F-test). Gi4 tri ndy dwoc so sdnh véi mot ngudng (ching han 0.05) dé xac dinh xem cé sw
khac biét dang ké gitra cic nhém hay khong.

Trong tap dir liéu, c6 thé st dung cac phwong phap nhw ANOVA F-test dé danh gia sw phu thudc ctia mdi dic
trung doi véi bién muc tiéu, qua do6 co6 thé rat gon thudc tinh.

Sau khi trwc quan hod dir liéu d€ quan sat nhw Hinh 5. Tir di¥ liéu doc dworc tir tap tin csv twong (ng.

df_train = pd.read_csv('data/BioassayDatasets/AlD456red_train.csv')
df test = pd.read_csv('data/BioassayDatasets/AlD456red_test.csv')

800 1

600 1

Volue

200 1

o 1000 2000 3000 4000 3000 6000 7000 8000
ndex

Hinh 5. Truc quan di 1ié u hudn luyén
Dir liéu dwgc chuyén tir cdc DataFrame sang mang dé xir ly.

X_tr = df_train.drop(‘Outcome’, axis=1).values
X_te = df_test.drop(‘Outcome’, axis=1).values

y_tr = df_train[‘Outcome'].values
y_te = df_test['Outcome’].values

Trwéc khi rat gon thudc tinh, cling cin xo04 cic quan sét bi thiu bang cach xo04 cac hang cé gia tri bi khuyét
(missing values).

df_train.dropna(inplace=True)

Thong qua 16p SelectBest cua scikit-learn dé rit gon, gia st chi chon 10 dic trwng ddc 14p nhit théng qua chi so
k, sau d6 chi 1ay cac dic trung nay:

selector = SelectKBest(score_func=f_classif, k=10)
X_train_se = selector.fit_transform(X_tr, y_tr)
X_test_se = selector.transform(X_te)

selected_features = selector.get_support()
print('S6 dac trung dudc chon:',df_train.columns[:-1][selected_features] )
Két qua c6 10 dic trueng sau c6 dd doc 1ap cao.

S8 déc trung dudgc chon: Index(['NEG_04_NEG', 'NEG_02_ARC', '"NEG_05_ARC', 'NEG_07_ARC', 'POS_05_POS',
'POS_06_ARC', 'ARC_03_ARC', 'HYP_02_HYP', 'WBN_GC_L_0.25', 'WBN_GC_H_0.25'], dtype="object')



Lé Thi Thuy Hwong, Tran Vin Ling, Pham Minh Quin 81

b) Khao sat sw phu thudc giira cac dac trweng

C6 thé str dung hé sé twong quan (Correlation Coefficient) d€ rat gon thudc tinh bing phwong phap chon loc dic
trueng. Phwong phap nay gidp lwa chon cac thudc tinh quan trong nhit dwa trén hé s6 twong quan cia ching véi
bién muc tiéu. Khi hé s6 twong quan la +1 hay -1 cho biét c6 méi twong quan cao. D€ thuc hién rat gon thudc tinh
béng hé s6 twong quan, cac budc nhw sau:

e Tinh ma trin twong quan: Sir dung ham corr() trong Pandas d€ tinh ma trn twong quan cda cac thudc tinh
trong mot DataFrame.

corr_matrix = df_train.drop(‘Outcome’, axis=1).corr()

e Dinh nghia mdt nguwdng (threshold) dé quyét dinh xem thudc tinh c6 mitrc d6 twong quan du cao dé giir lai
hay khong. Gia tri ngwéng nay phu thudc vao bai toan cu thé va mic dé quan trong cia cac thudc tinh, thong
thwong 1a 0,75 khi xét tri tuyét d6i cta cac hé s6 twong quan.

e Luwa chon thudc tinh: Dya trén ma trin twong quan va ngwéng da chon, d€ dwa ra cic thudc tinh c6 hé sé
twong quan vuwot qua ngwdng, tir d6 gitr lai thudc tinh cén thiét.

threshold = 0.75
corr_features = set()

for i in range(len(corr_matrix.columns)):
for j in range(i):
if abs(corr_matrix.iloc[i, j]) > threshold:
colname = corr_matrix.columns[i]
corr_features.add(colname)

selected_features = set(df_train.columns) - corr_features

Viéc rat gon thudc tinh dwa trén hé s6 twong quan cé thé la mot phwong phap don gian. Tuy nhién, cin xem xét
ky lwéng va thir nghiém d€ dam bao rang cac thudc tinh dwgc giit lai van gitt dwoc thong tin quan trong trong dit
liéu. Pay 1a mot thach thirc dit ra khi xr 1y bai toan trong linh vwc xir ly s6 liéu lién quan dén nganh
Cheminformatics.

Sau khi c6 s8 dic trung, st dung X_train va X_test d€ huin luyén va kiém chitrng mé hinh nhw 1 bwéc ddu tién dé c6
nhain xét so b vé mé hinh st dung cho viéc huin luyén.

X_train, X_test = X_train_se, X_test_se

3. TINH CHINH DU’ LIEU
Khi gia tri dir liéu trong mot cot (mot dic trung) chénh 1én qua nhiéu, c6 thé gy dnh hudng dén qua trinh hudn
luyén mé hinh. Pay la mot vAn dé phd bién trong xtt 1y dir liéu va ¢ mdt s6 phwong phap dé xi ly nhw sau:

e Min-max scaling: Stt dung phép ty 1€ tuyén tinh d€ chuyén ddi gia tri dit liéu vé khoang gia tri mong mudn,
thuwdong 1a tir 0 dén 1. Cong thic tinh todn cho Min-max scaling nhw sau:
X — X
KXscalea = Ximln

max Xmin

e Standardization: Chuin héa dir liéu theo gia tri trung binh va do 1éch chuén (mean va standard deviation) dé

chuyén déi dir liéu vé phan phdi chuin (mean=0, std=1). Cong thirc tinh todn cho Standardization nhw sau:
X—-X
KXscalea = %
B std

e Log transformation: Ap dung bién ddi logarithm cho dit liéu dé lam gidm dd chénh 1éch gitra cac gia tri. Diéu
nay c6 thé gitp dir liéu tré nén phan phdi déu hon va tao diéu kién t6t hon cho qua trinh hun luyén.

e Robust scaling: St dung phép ty 1& theo gia tri trung vi va pham vi twong déi dé xir ly gia tri dir liéu chénh
1én. P4y 1a mot phwong phap phu hop khi dit liéu chira nhiéu hoic gia tri ngoai 1& (outliers).

Vi dir liéu nay, ching ta c6 thé sir dung phwong phap Min-max scaling d€ tinh chinh di liéu, sau dé dung dir
liéu X_train_mms va X_test. mms trong cac 1énh sau dé huin luyén.
minmax_scaler = MinMaxScaler()

X_train_mms = minmax_scaler.fit_transform(X_train_se)
X_test_mms = minmax_scaler.fit_transform(X_test_se)
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4. XU LY MAT CAN BANG DU LIEU
Dé giai quyét van dé mat can bing 1én trong tap dit liéu, c6 thé stt dung cac thw vién Python nhw imbalanced-
learn. Pay 12 mot thw vién Python manh mé& cho xt 1y mat can bang lén.

Dé ting cudng mau, cb thé stt dung cac phwong phap nhw SMOTE, ADASYN, ClusterCentroids. Trong dé6 SMOTE
(Synthetic Minority Over-sampling Technique) 12 mdt phwong phap oversampling phd bién, cdc miu tao thém
cho 16p thiéu s6 bang cach két hop cdc miu gin nhit véi nhau. Con ADASYN (Adaptive Synthetic Sampling) 1a
mot phwong phap oversampling dwa trén SMOTE; nhdm tao ra cAc mau méi cho 1&p thiéu s§ dwa trén mirc do
maét can bing trong dit liéu. Con ClusterCentroids 1 tao thém cac dit liéu méi trong 16p da s6 bang cach lira chon
cac centroid cta cac cum dit lidu trong 16p da s6 va sau dé 14y cac diém gan centroid nhat dé tao mau nhan. Qua
trinh nay nhim giam s& lwong mau trong 16p da s6 ma van gitr duwoc dic treng va phan phéi clia dit liéu ban dau.
Con RandomUnderSampler 1a mt phwong phép gidm s6 lwong miu don gian bing cach loai bé ngiu nhién mét
s6 mAu tir 1&p da s6 dé€ 1am can bang vai 16p thiéu s6.

Dic biét, thw vién imbalanced-learn la mot thw vién Python cung cip cic kj thuit khac nhau dé xt Iy sw mit cin
béng giita cac 1&p, bao gdm oversampling, undersampling va cadc phwong phap két hop. Thw vién nay tip trung
vao viéc stra dbi tAp hudn luyén dé dat dwoc phan phéi can bing gitra cac 16p.

V61 SMOTE dé tao thém dit liéu hudn luyén

smote = SMOTE(random_state=42)
X_train_smote, y_train_smote = smote.fit_resample(X_train_mms, y_tr)
print("S6 lugng mau sau khi resample:", len(X_train_smote))

ADASYN ciing dé tang cwong thém
adasyn = ADASYN()

X_train_adasyn, y_train_adasyn = smote.fit_resample(X_train_se, y_tr)
print("S6 lugng mau sau khi resample:", len(X_train_smote))

Hoac dung Cluster Centroid

cc = ClusterCentroids()
X_train_cc, y_train_cc = smote.fit_resample(X_train_se, y_tr)
print("S6 lugng mau sau khi resample:", len(X_train_smote))

Bén canh d6, k§ thuit hoc phdi hop (emsemble learning) nhw Bagging, Boosting c6 thé dwoc chon dé gidi quyét
van dé nay. Ngoai ra con c6 thu vién imbalanced-learn-ensemble 1a m6t phdn mé rong cia imbalanced-learn, tip
trung dic biét vao cac phwong phap ensemble cho viéc phan loai dit liéu mat cin bang. Bing cach tan dung strc
manh cta cac thuit toan hoc phéi hop, nhw Random Forest, AdaBoost va EasyEnsemble [10], d€ x& ly hiéu qua
dit liéu mét can bang. O day qua sw khao sat trong phin thwc nghiém, 1ép EasyEnsemble ciing cé trong goi thu
vién imbalenced-learn dwgc chon Iwa.

e Lop EasyEnsemble dwoc str dung dé gidi quyét van dé mat can bing dit liéu trong bai toan phan loai bing
cach tao ra nhiéu tip con (subsets) cta dit liéu géc theo cach ti€p cn ki thuit undersampling trén 16p da sé
(majority class). Cu thé hon, EasyEnsemble chia dir liéu thanh cac tap con nhé c6 s6 lwong miu twong dwong
v&i 16p thiéu s6 (minority class). Sau d6, mdi tap con dwoc st dung dé huidn luyén mdt mo hinh phan loai
don 1&, ching han nhw Decision Tree hodc Random Forest. Cudi cuing, cdic md hinh don 1é nay dugc két hop
lai d€ tao thanh mo6t mé hinh ensemble. Muc tiéu ctia EasyEnsemble 1a tao ra cic mo hinh phan loai c¢6 kha
nidng xt Iy mat can bing dit liéu va ting cwong hiéu suit phan loai trén 16p thiéu sb. Bing cach tao ra nhiéu
mo hinh tir cac tip con dit liéu, EasyEnsemble gitip giam hién twong hoc qua dw thira, hay qua khép
(overfitting) trén dir liéu thi€u s6 va cung cip dyw doan chinh xac trén ca hai 16p.

e EasyEnsemble 1d mot lwa chon phd bién dé xir Iy mat cAn bang dit liéu trong bai todn phan loai va cé thé
duogc 4p dung cho cac tap dit liéu c6 ty 18 mat can bang 1om.

e Ciing binh luan thém, trong cong trinh [10], cAc tac gid di dé xuat thuat toan EasyEnsemble dé& khic phuc
nhuwoc diém mat cit bang dit liéu. EasyEnsemble 14y mau tir nhiéu phan nhé cia 16p da s6, hudn luyén mot
b6 hoc str dung mdi phan nhé va két hop két qua tir cac bd hoc dé. Két qua thuc nghiém cho thdy két qua
nhin dugc kha tot so véi cac phwong phap khac vao thoi diém doé.

5. TIM CAC THAM SO TOI YU CHO MO HINH HUAN LUYEN

Tim cac tham s& t8i wu cho md hinh huin luyén la mét bwéc quan trong trong qua trinh xay dwng md hinh hoc
mady. Bing cach tim kiém va t8i wu cic tham s6, ching ta c6 thé cai thién hiéu suit cia mé hinh va dat dwoc két
qua t6ét hon. C6 nhiéu phwong phap dé tim cac tham sd t8i wu cho mé hinh huin luyén, mot trong sé dé la st
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dung tim kiém lwéi (Grid Search). Tim kiém Iwdi 132 mot phwong phap thir tit cd cic gia tri tham s c6 thé cé
trong mot tAp hop di dinh sin, va danh gia hiéu suit ciia mé hinh véi tirng gia tri tham s dé tim ra gia tri t6i wu.

Trong Python, thw vién scikit-learn cung cip 16p GridSearchCV dé thuc hién tim kiém lwdi cho mé hinh. Dau tién,
can xac dinh cdc tham s6 mudn tim kiém va cic gid tri ma mudn th qua. Sau d6, tao moét ddi twong
GridSearchCV, truyén mé hinh va cac tham s6 cung véi gia tri thir vao dé. Tiép theo, dung phwong thirc fit() trén
d6i twong GridSearchCV dé bat dau qua trinh tim kiém lwéi.

Chang han, v&i phuwong phap hudn luyén dung EasyEnsemble() & trén, vdn dé dit ra 1a tim cac tham s6
(hyperparameter) t8i wu phwong phap nay
param_grid = {
'n_estimators': [90,100,120],
‘random_state": np.arange(0,25,10)
}

gs = GridSearchCV( EasyEnsembleClassifier(),param_grid,cv=5)
gs.fit(X_train, y_train)

Sau khi viéc tim ki€m két thic, d€ biét két qua t6t nhat théng qua thudc tinh best_params_ cla d6i twong gs nay;
cling c6 thé truy cip mo hinh t&t nhat da dwgc hudn luyén théng qua thudc tinh best_estimator_ ma khdng can huin
luyén lai.

6. PANH GIA MO HINH

Trong bai toan tim hgp chit c6 hoat tinh sinh hoc nao dé hay khéng, thi viéc phan 1ép dé tir d6 du bao (forecast)
thi nhin c6 hoat tinh (Active) dwgc xép vao nhém dwong tinh (Positive). Khi phan 16p, c6 thé dung cac thuéc do
nhw Accuracy, Precision, Recall, AUC, ... d& danh gia mo6 hinh huin luyén dwoc tao ra. Trong dé Accuracy nham
dé€ danh gia trong s6 cac dw doan (1a Active + Inactive) thi c6 bao nhiéu phan tram 1 dw do4n ding (True Active
+ True Inactive). Thwéc do Accuracy thwong dwgce dung khi danh gia téng thé, d€ c6 cai nhin chung ca trwong
hop positive (Active) va ca negative (Inactive). Han ché cla Accuracy la do lwdng trén tat ca cic phan loai ma
khong quan tAm dén do chinh xac trén tirng nhan.

Con khi chi quan tAm dén Active (positive) khi dw doan, thi thuwéc do Precision hay Positive Predictive Value
(PPV - tri sé tién lwong positive) dé€ xac dinh trong tit cd cadc dw doan 12 Acitive (ca true va false), thi c6 bao
nhiéu phin du doan positive 1a ding. Va thwéc do Recall hay Sensitivity (d6 nhay) hay True Positive Rate (TPR -
ty s positive that) d€ xac dinh trong tit ca cac treong hop thuwce té 1a Active, thi c6 bao nhiéu du doan Active 1a
dung. D€ cin bang ca 2 thuwdc do Precision va Recall c6 thwéc do F1-Score. Ngoai ra con c6 thuéc do G-mean dé
danh gia viéc phan 1¢p cho bai todn mat can bing, & d6 G-mean 1a cin bAc hai cla tich gitra d6 nhay va do dic
hiéu (Specificity). V&i dd dic hiéu hay con goi 1a ty s6 4m tinh that (True Negative Rate - TNR ) nhdm xac dinh
trong tat ca cac trueong hop thuwc té Inactivate (ca true va false), thi c6 bao nhiéu phin dw doan Inactivate 1a
dung.

Gia tri AUC (Area Under the ROC Curve) dwoc st dung dé danh gia hiéu suit cia mé hinh phan 16p. AUC nam
trong khoang tir 0 dén 1, va mot gia tri AUC cao hon thwong dwgc coi la t6t hon.

e AUC = 0.5: 12 gi4 tri AUC ngau nhién, c6 nghia 1a mo6 hinh khéng c6 kha ning phan loai.
0.5 < AUC < 0.7: gia tri AUC thip, mo hinh c6 hiéu suit phan 16p yéu.

0.7 < AUC < 0.8: gia tri AUC trung binh, md hinh c6 kha nang phan 1&p vira phai.

0.8 < AUC < 0.9: gia tri AUC t6t, mé hinh cé kha ning phan 16p tét.

AUC = 0.9: Pay 1a gia tri AUC rit tot, mé hinh c6 kha ndng phén 1&p rit cao.

Tuy nhién, gia tri AUC cin dwoc danh gia két hop véi boi canh va yéu ciu cla bai todn cu thé. Mot md hinh c6
AUC cao khong déng nghia v&i viéc né hoan hdo. Théng thwong, viéc so sanh AUC gitta cdc m6 hinh khac nhau
hodc theo tiéu chi ngwdng chdp nhin dwoc 12 mét phwong phap hitu ich dé€ danh gia hiéu suit phin 1&p. Day
ciing 1a mot thach thirc dit ra khi gidi quyét bai toan phén loai hoat tinh trong Cheminformatics.
Con viéc danh gid hoc qua dw thira chi hién twong md hinh dat két qua rat tét trén tip hudn luyén nhwng lai kém
trén tap dit liéu ki€ém dinh. Thuc chit day 1a viéc hoc qua, titc 1a hoc ca thanh phan nhiéu 1in trong miu huin
luyén. Con underfitting (chwa phu hop hay hoc con yéu, chwa @0, chwa téi), chi hién twgng m6 hinh huin luyén
duoc tao ra c6 két qua x4u trén ca tAp huin luyén va tap kiém dinh. Viéc khao sat cac tinh chit ndy nhim tim ra
giai phap giup mo hinh t6t hon.

IV. KET QUA TH(* NGHIEM
A. DATASET THU’ NGHIEM
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bé thi nghiém, dung bd dir liéu =xét nghiém sinh hoc (bioassay) c¢6 trén Kaggle tai
https: //www.kaggle.com/datasets/uciml/bioassay-datasets. Pay la bd dit liéu ctia PubChem ciing dd dwoc dwa
1én kho Iwu trir dit liéu hoc may UC Irvine [11]. Viéc kham pha thudc (drug discovery) 1a giai doan d4u tién trong
qud trinh phat trién thudc (drug-development process); trong dé viéc tim kiém cac hop chit d€ kiém tra va sang
loc d6i véi muc tiéu sinh hoc cu thé. Giai doan d4u tién nay dwoc goi la sang loc ban dau va thudong bao gom sang
loc hang ngan hop chét.

Tép dir liéu nay la mot bd swu tip gom 21 xét nghiém sinh hoc (dang sang loc-screens) do lwong hoat tinh
(activity) cta cac hgp chit khac nhau déi véi cdc muc tiéu sinh hoc khac nhau. Trong trinh bay nay, ching téi thir
nghiém trén tap miu AID456red_train.csv. TAp miu nay chita cac xét nghiém sang loc so bd tir t6 chirc Burnham
Center for Chemical Genomics, nhim trc ché biéu hién bé miit t€ bao VCAM-1 do gen TNFa gay ra. Sau khi da xt
ly bang cach bd cac mAu dir liéu khong day du trén tap dit liéu hudn luyén, s lwong con lai 1a 22 mau hop chit cé
hoat tinh (Active) va 7.964 mau hop chit khong c6 hoat tinh. Ty 1& 1 hop chat c6 hoat tinh so hgp chit khong c6
hoat tinh 1a 1/362; mét sw chénh l&ch rit 1én khi phai phan 16p. Twong tw nhw vy cho bd dir liéu kiém tra c6
1991 hop chat khéng cé hoat tinh va 5 hop chit c6 hoat tinh.

MAu dir liéu nay c6 gia tri nhu sau:

e CaccOt dau tién (tir cot 1 dén cot 95): gia tri cac cot nay déu la 0 va 1, dai dién cho cac dic treng nhi phan.

e Cac cOt tiép theo (tir cot 96 dén cot 153): gia tri cac cot nay 1a cac sé thuc, chira thong tin vé cac dic trung
hoé - 1y ctia hop chét.

e Cac cot cubi cing (cot 154): dai dién cho trang thai hoat tinh clia mAu, v&i "Active" va "Inactive” cho biét
rdng mAu c6 hoat tinh sinh hoc hay khéng. Cot ndy déng vai tro 1a nhin muc tiéu (target) cho biét trang thai
hoat tinh ctia mau.

B. THANG PIEM PANH GIA

Véi ddc thu cta bai todn, thwdc do dwoc chon theo thir ty wu tién 13 G-mean d€ mong mudn déu dv doan ding ca
Positive va Negative, tiép theo 1a 1a Precision (d€ tranh dy doan sai l&p Positive), sau d6 1a AUC cling phai c6 gia
tri cao @€ mé hinh cé kha ning phén 16p.

Khi d6, diém danh gia la:
Score = G —mean X 3+ Precision X 2+ AUC X 1

C. KET QUA

Qua céc thir nghiém véi cac phwong phap ti€p cin khac nhau nhw rut gon thudc tinh bang hé sé twong quan
(Correlation); xt¥ ly dit liéu bang ty 1& Min-max (Minmax Scaling), Robuts Scaling, Standard Scaling; cAn bang dit
liéu bing cac phwong phap nhw SMOTE, ADASYN, Cluster Centroid; cac phwong phap hoc nhu Mang neural
truyén thdng (MLP), Balanced Bagging, Random Forest, Gradient Boosting, EasyEnsemble, RUS Boost [12],[13].
Cling twong tw nhw EasyEnsemble, mac du RUS Boost ra doi cling da 15 nam nay, nhwng khi st dung cho bai
toan phan 16p trong Hoa tin van c6 nhitng két qua khich 1&. RUS Boost ra doi nham dé gidm thiéu van dé mAt can
bing khi phan 1&6p. RUSBoost két hop viéc 1y mau dir liéu ngiu nhién (sampling) va ting cudng dir liéu
(boosting). Phwrong phap nay gidm bét s lwong mau thudc 1ép da s6 (majority class) dé can bang véi s lwong
mau thudc 1&p thiéu s6 (minority class) nhdm gitp gidm sw chénh léch giita cac 16p va ting kha ning m6 hinh
nhén biét 16p thiéu s6

Trong viéc chon tham s, cling c6 nhiéu cach ti€p cin, chdng han véi phwong phép t6i wu véi Bayes (Bayesian
Optimization); & diy dung Grid Search két hop cting k§ thuét Cross - Validation d€ tim cac tham s6 t6i wu.

Két qua sip xé&p theo thwdc do danh gia nhw Bang 1 dwoc thuc thi bing chwong trinh Python dung cac thw vién
nhw trinh bay. Chwong trinh ciing nhw dir liéu va két qua 7 lan thr nghiém cho 45 phwong phép tiép cin khac
nhau cho méi lan dwgrc Iwu trit tai GitHub véi dia chi https://github.com/langtv/cheminformatics.

Bang 1. Két quad tinh toin dwoc sdp xép theo Score véi mikc dd wu tién nhw trén cia ldn thir nghiém thir #3.

Poan Active | Poan Inactive
ID Phwong phap tié€p can Precision | G-mean | AUC Score

Pang | Nhim | Ping | Nhim

Easy Ensemble, Feature

18 Reduction, MinMax Scaling

1 0,0044 0,77 5 0 859 1132 | 2,779

RUS Boost, Feature

3 1 0,0051 0,73 5 0 1017 974 2,745
Reduction
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ID Phwong phap tiép cin Precision | G-mean | AUC | Doan Active | Poan Inactive | Score
Easy Ensemble, Feature

41 | Reduction, MinMax 1 0,0026 0,57 5 0 45 1946 | 2,578
Scaling, Cluster Centroid
RUS Boost, Feature

43 | Reduction, Robust Scaling, 1 0,0027 0,53 5 0 119 1872 | 2,538
Cluster Centroid

44 | Easy Ensemble, Cluster 1 00026 |052| 5 0 51 | 1940 | 2,528
Centroid
Easy Ensemble, Feature

42 | Reduction, Cluster 1 0,0025 0,52 5 0 33 1958 | 2,528
Centroid
RUS Boost, Feature

45 | Reduction, Cluster 1 0,0025 0,51 5 0 33 1958 | 2,516
Centroid

12 | Easy Ensemble, Feature 0,8 0,0045 | 075 | 4 1 1109 | 882 | 2,367
Reduction
RUS Boost, Feature

26 Reduction, Robust Scaling 0,8 0,0047 0,75 4 1 1143 848 2,362

6 | EasyEnsemble 0,8 0,0043 0,73 4 1 1076 915 2,346
RUS Boost, Feature

14 Reduction, MinMax Scaling 0,8 0,0036 0,66 4 1 877 1114 | 2,273

2 | RUS Boost 0,8 0,0041 0,66 4 1 1030 961 2,271
Easy Ensemble, Feature

30 Reduction, Robust Scaling 0,6 0,0039 0,75 3 2 1222 769 1,957
Easy Ensemble, Feature

24 | Reduction, Standard 0,6 0,0037 0,75 3 2 1189 802 1,956
Scaling
RUS Boost, Feature

20 | Reduction, Standard 0,4 0,0025 0,61 2 3 1201 790 1,421
Scaling
Easy Ensemble, Feature

31 | Reduction, MinMax 0,2 0,0188 0,87 1 4 1939 52 1,328
Scaling, SMOTE
Neural Nework, Feature

19 | Reduction, Standard 0 0,0000 0,87 0 5 1988 3 0,875
Scaling
Neural Nework, Feature

25 Reduction, Robust Scaling 0 0,87 0 J 1991 0 0,869

1 | Neural Nework 0 0,80 0 5 1991 0 0,802
Easy Ensemble, Feature

36 | Reduction, MinMax 0 0,0000 0,79 0 5 1962 29 0,789
Scaling, ADASYN

39 | Easy Ensemble, ADASYN 0 0,0000 0,77 0 5 1984 7 0,771
Random Forest, Feature

17 Reduction, MinMax Scaling 0 0,76 0 J 1991 0 0,756
Easy Ensemble, Feature

32 Reduction, SMOTE 0 0,0000 0,75 0 5 1975 16 0,751
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ID Phwong phap tiép cin Precision | G-mean | AUC | Doan Active | Poan Inactive | Score
Easy Ensemble, Feature

37 Reduction, ADASYN 0 0,0000 0,74 0 5 1982 9 0,744
Balanced Bagging, Feature

16 Reduction, MinMax Scaling 0 0,0000 0,74 0 5 1990 1 0,740

11 Randorp Forest, Feature 0 0,70 0 5 1991 0 0,703
Reduction

5 | Random Forest 0 0,69 0 5 1991 0 0,685
Random Forest, Feature

29 Reduction, Robust Scaling 0 0,66 0 5 1991 0 0,659
Random Forest, Feature

23 | Reduction, Standard 0 0,66 0 5 1991 0 0,657
Scaling
Neural Nework, Feature

13 Reduction, MinMax Scaling 0 0,0000 0,66 0 5 1988 3 0,657

34 | Easy Ensemble, SMOTE 0 0,0000 0,64 0 5 1983 8 0,640

7 Neural .Nework, Feature 0 0,58 0 5 1991 0 0,583
Reduction
Balanced Bagging, Feature

22 | Reduction, Standard 0 0,0000 0,57 0 5 1988 3 0,574
Scaling
Balanced Bagging, Feature

28 Reduction, Robust Scaling 0 0,0000 0,57 0 5 1990 1 0,574

10 | Balanced Bagging, Feature 0 0,0000 | 057 | 0 5 1988 3 | 0568
Reduction

4 | Balanced Bagging 0 0,0000 0,57 0 5 1987 4 0,565
Gradient Boosting, Feature

21 | Reduction, Standard 0 0,0000 0,50 0 5 1981 10 0,502
Scaling
Gradient Boosting, Feature

27 Reduction, Robust Scaling 0 0,0000 0,50 0 5 1983 8 0,502
RUS Boost, Feature

33 | Reduction, Robust Scaling, 0 0,0000 0,50 0 5 1986 5 0,499
SMOTE
RUS Boost, Feature

38 | Reduction, Robust Scaling, 0 0,0000 0,50 0 5 1986 5 0,499
ADASYN
RUS Boost, Feature

35 Reduction, SMOTE 0 0,0000 0,50 0 5 1983 8 0,498
RUS Boost, Feature

40 Reduction, ADASYN 0 0,0000 0,50 0 5 1982 9 0,498

g | Gradient Boosting, Feature 0 0,0000 |049| 0 5 1978 | 13 | 0,490
Reduction
Gradient Boosting, Feature

15 Reduction, MinMax Scaling 0 0,0000 0,39 0 5 1974 17 0,385

3 | Gradient Boosting 0 0,0000 0,38 0 5 1980 11 0,382
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Hinh 6. Két qud véi phwong phdp tié p cdn v&i Easy Ensemble va RUS Boosting

D€ mo hinh c6 thé st dung trong viéc phan lép duogc, thi AUC = 0.7; trong 7 lan thir nghiém mang tinh thuc
nghiém véi s6 phwong phap tiép cin tit cala 45 x 7 = 315. Két qua phwong phap ti€p cin c6 ID 1a #18 (Easy
Ensemble, Feature Reduction, MinMax Scaling) c6 4 14n c6 Score cao nhit va 3 Ian xép thi hai; phwong phép tiép
cin voi ID 1a #8 (RUS Boost, Feature Reduction) c6 3 14n c6 Score cao nhit, va 1 1an xép thir hai. V&i 2 phwong
phép tiép cin ndi troi nay, két hop véi viéc lwa chon tham s6 théng qua viéc tim kiém lwéi (Grid Search) va xac
thwe chéo (Cross - Validation) két qua nhw Hinh 6.

V. KET LUAN

Két qua thwc nghiém cho thiy viéc st dung cdc phwong phdp néu trén dia mang lai két qua t6t trong viéc phan
16p dir liéu vé hoat tinh va khong hoat tinh trong dataset vé thwc nghiém sinh hoc. Qua viéc rdt gon thudc tinh
dwa trén hé s6 twong quan, ta da gidm sd lwong thudc tinh ban d4u dé tao ra mét bé dir liéu thudc tinh nho gon
va c6 kha ning du doan tét. Viéc xtr 1y dd chénh l1éch cua dir liéu bang ty 1&é min-max da giup dwa cac gia tri di
liéu vé cung mot khoang gia tri va ddm bao tinh déng nhat trong qua trinh phan 16p. Str dung ky thuat cin bang
mau dit liéu théng qua Easy Ensemble va RUS Boost ciing da ting cudng kha niang phan 16p bang cach tao thém
mau dit liéu cho cac 1&p thiéu s6. Ngoai ra, do RUS Boost ban chat 1a tao ra bo dit liéu mang tinh ngiu nhién, nén
gi4 tri cia mdi Ian tinh todn c6 thé khic nhau khi khong 4p d3t tham s ngiu nhién phi hop.

Bén canh d6 ky thuét tim kiém cac tham s8 t6i wu trong qua trinh huin luyén thong qua ky thuét tim kiém lwédi
(Grid Search) két hop véi ki thuét kiém tra chéo (Cross - Validation) trén tip dit liéu huin luyén ciing ting do
chinh xac ctia cac mé hinh phan 1ép.

Mot diém quan trong chwa dwoc thir nghiém trong khuén khé bai viét nay 1a sir dung Deep Learning trong viéc
phéan 1&p dir liéu. Deep learning c6 thé mang lai kha ning hoc tap siu va kha niang phan 1ép t6t hon cho dir liéu
phtec tap. Viéc 4p dung deep learning trong bai todn nay cé thé mé ra co hoi d€ khdm pha cdc mo6 hinh mang no-
ron siu va tdi wu hoa két qua phan 16p. Bén canh d6, GAN (Generative Adversarial Networks) ciing cé thé duwoc
str dung dé xtr ly vAn dé mit can bing dir liéu trong bai toan phan 1é&p. Khi dit liéu mAt can bang, tirc 13 s8 lwong
mau clia mot 1ép quaé it so véi 16p khac, cdc md hinh hoc may cé thé giap khé khin trong viéc hoc cdc mau clia 16p
thiéu s8. Cach ti€p can dé sir dung GAN 1a tao ra nhitng mau dit liéu nhan tao cho 16p thiéu s8. GAN c6 thé duoc
huén luyén dé tao ra nhitng mau dit liéu méi cé cdu tric twong tw véi 16p thiéu s, nhung véi da dang va s6
lwgng 16n hon. Qué trinh huin luyén GAN bao goém viéc tao ra cAc mau dit liéu gid mao tir phan phdi tiém ning
clia 16p thiéu s6 va c8 gdng danh lira mé hinh phan biét giita dit liéu that va gid. Khi GAN dwoc huin luyén thanh
cong, ta c6 thé str dung cac miu dit liéu gia tao bang GAN d€ can bing lai s6 lwgng mau gitta cac 16p.
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THE ADVANCEMENTS AND CHALLENGES OF MACHINE LEARNING IN
CHEMINFORMATICS
Le Thi Thuy Huong, Tran Van Lang, Pham Minh Quan

ABSTRACT— Machine Learning (ML) has become one of the powerful techniques in Cheminformatics, also known as
Computational Chemistry. It has been applied to various problems in the field. For instance, in Chemistry, machine learning
is used in drug discovery, toxicity prediction, and materials design. In this paper, we aim to provide a general survey of ML in
Cheminformatics. We begin by discussing the fundamental concepts of ML and then explore different types of ML algorithms
that have been applied to Cheminformatics problems. This provides researchers and practitioners in the field of
Cheminformatics with a comprehensive understanding of the application of computational techniques and methods.
Additionally, we present some challenges and opportunities for further research. The final part of paper showcases a case
study on activity prediction based on a dataset containing screening assays performed by the Burnham Center for Chemical
Genomics, targeting the inhibition of VCAM-1 cell surface expression induced by the TNFa gene. This dataset exhibits a
significant imbalance between active and inactive compounds, making it an interesting sample for experimentation. The
results indicate that the selected classification model is relatively appropriate based on the AUC and G-mean metric.
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