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LOT CAM POAN

T6i xin cam doan ndi dung cua luan van “Du dodn twong tdc protein — protein si
dung Ky thugt khai phd di liéu” 13 san pham do t6i thuc hién duéi sy hudng dan cua
TS. Ping Thanh Hai. Trong toan bd ndi dung cua luan vin, nhitng diéu dugc trinh bay
1a do i nghién ctru dwoc tir cac tai liéu tham khao. T4t ca c4c tai liéu tham khao déu co
XUat X & rang va duoc trich dan hop phap.

To61i xin chiu trach nhiém cho 161 cam doan cua minh.

Ha Ngi, ngay 10 thang 10 nam 2017

Nguoi cam doan
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T6i xin bay t6 10ng biét on sau sic dén thay huéng dan cua toi, TS. Pang Thanh
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CHUONG 1 : MO PAU
1.1 LY DO CHON PE TAI
Protein 1 thanh phan quan trong trong té bao noi riéng va co thé sdng néi chung, va
tuong tic protein — protein 1a mot cach dé cac protein thé hién duoc cac chirc ning sinh
hoc ctia minh. Vi vay hiéu biét vé cac twong tac protein — protein s& giup chung ta hiéu
sau hon vé cac chirc ning protein, va tim ra duoc vai trd cia cac protein méi.

Vao thoi diém bat ddu nghién cttu vé tuong tic protein — protein, cac nha khoa hoc
thuong sir dung phuong phap hoa sinh dé phan tich va du doan. Tuy nhién cac phuong
phap thuc nghiém nay dit tién, tén nhiéu thoi gian, cong strc, va nhiéu khi rat kho dé
thue hién. Vi vay nén yéu cau cap thiét duoc dit ra 1a du doan bang cach ap dung khai
pha dit liéu va phat trién cac mo hinh tinh toan tu dong dé dat hiéu qua cao, nhanh hon
nhu 13 sy bd sung cho cac phuong phap thuc nghiém.

Theo thoi gian, s6 lugng ngay cang ting cua tap cac cap protein — protein twong tac
vé6i nhau (va tap khong tuong tac) da duoc thuc nghiém xac dinh. Sy tich liy dir liéu vé
tuong tac protein — protein bang thuc nghiém dem lai loi thé vé mat day du thong tin dé
c6 thé tinh toan du dodn dugc thém cac tuong tac protein — protein méi. Va dé ciing 1a
Iy do toi quyét dinh chon dé tai “Dw dodn twong tac protein — protein sit dung ky
thuat khai pha dir ligu”.

1.2 MUC TIEU PE TAI

Trong khuon khé luan vin ndy, toi trinh bay mot phuong phép tinh toan cho dy doan
tuong tac protein — protein khac voi cac phuong phap phan 16p truyén thong, dé 1a xay
dung mé hinh phén 16p theo hudng ap dung thuat toan phéan 16p tong hop, hay 1a sy két
hop mo hinh cac b phan 16p don 1é yéu hon thanh mét md hinh manh, nhim dat dugc
hiéu qua phan 16p tbi wu.

Vi bai toan nhu trén, dit ra myc tiéu cho dé tai 1a tim hiéu va xay dung thanh cong
mot mo hinh du doan twong tac protein-protein duwa trén thuat toan phan 16p tong hop,
1a phuong phap di duoc chimg minh 1a tot hon thuat toan phéan 16p don 1é truyén thong,
tir d6 1am tién dé ap dung vao thyc té trién khai nghién cru di doan tuong tac protein —
protein mot cach hiéu qua nhat. Bé dat duoc muc tiéu do, cac cong viée t6i da thyc hién
trong luan vin nay 1a: Nghién ctru co sé 1y thuyét cac khai niém vé protein, cu trac
protein trong sinh hoc, nham phuc vu cho viéc khai thac cac thudc tinh cua chung st

dung trong tinh toan; Nghién ciru co so 1y thuyét vé cac ki thuat khai pha dit liéu (noi
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chung) va k¥ thuat phan 16p dir liéu (ndi riéng), lam co s¢ cho xay dung chuong trinh
thue nghiém va ching minh tinh ding dan cua két qua thuc nghiém.

V6i chuong trinh thyc nghiém, budc dau toi da dat dugc muc tiéu cua dé tai 1a chung
minh duoc tinh hiéu qua khi ap dung giai thuat phan 16p tong hop vao bai toan du doan
tuong tac protein — protein so voi cac giai thuat khac. Qua d6 c6 thé dat duoc nhiing
muc tiéu xa hon trong twong lai, vi du nhu tir giai thuat trong dé tai nay c6 thé lam nén
mong cho cac giai thuat khac trién khai hiéu qua hon, gitip tang hiéu ning ciing nhu do
chinh xac cua bai toan “Dy doan tuong tac protein — protein st dung k¥ thuat khai pha

dir licu”.
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CHUONG 2 : COSO LY THUYET

Chuong 2 trinh bay co sé 1y thuyét, bao gdm cac thong tin gidi thiéu vé cac khai
niém trong sinh hoc lién quan dén protein, cau tric protein; Cac khai niém khai pha di
liéu nén tang lién quan dén k¥ thuat phan 16p dir liéu, nham cung cé kién thic va tao
tién dé ap dung giai quyét bai toan “Du doan twong tac protein — protein sir dung ky
thuat khai pha di liéu”.
2.1 CAC KHAI NIEM LIEN QUAN PEN PROTEIN
Protein 13 dai phan tir, phic tap va c6 vai trd quan trong trong té bao (ndi riéng) va co
thé song (n6i chung). Ching duoc tao thanh tir hang trim hodc hang ngan cac don vi
nho hon duoc goi 1 cac amino acid. Protein dugc tao ra bai su lién két cua hai hoic
nhiéu polypeptide, 1a chudi dugc ghép tir cic amino acid lién két véi nhau, dugc xép

thanh mot cau tric dic biét cho mdi mot protein cu thé [1].

Hinh 2-1: Minh hoa céu tric 3D mét protein [2]
2.1.1 Céu tric Protein
Protein duoc hinh thanh do cac amino acid lién két lai v&i nhau boi cac lién két peptide
tao ra chudi polypeptide. Amino acid duoc cau tao boi 3 thanh phan : nhém amin
(—NH,), nhém caboxyl (—COOH) va cubi cing 1 nguyén tir cacbon trung tdm dinh v&i

1 nguyén tir hydro va nhom bién ddi R quyét dinh tinh chat caa amino acid.
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R

Hinh 2-2: CAu tao ciia mgt amino acid

C6 tat ca 20 loai amio acid trong thanh phan cua tat ca cac loai protein khac nhau.

Nhung dya vao ciu tao gc R ching ta c6 thé phan 16p tong quan thanh 5 nhom c6 cac

tinh chat hoa Iy dic trung riéng, cu thé:

o

O

Cac amio acid c6 géc R khong phan cuc, ki nugc (Glycine, Alanine, Valine,
Leucine, Isoleucine, Proline).

Céac amio acid c6 gbc R 1a nhan thom (Phenylalanine, Tyrosine, Tryptophan).
Céac amio acid c6 gbc R bazo, tich dién duong (Lysine, Arginine, Histidine).
Céac amio acid c6 gbc R phan cuc, khong tich dién (Serine, Threonine, Cysteine,
Methionine, Asparagine, Glutamine).

Céac amio acid c6 gbc R acid, tich dién am (Aspartate, Glutamate).

Phén tir protein thudng duoc chia lam hai dang: Protein hinh cau va protein dang soi.

Céc protein hinh cau c¢6 dic diém chung 1a nho gon, dé hoa tan va dang hinh cau. Protein

dang soi thuong kéo dai va khong hoa tan. Cac dic tinh nay phu thudc vao cau tric ma

protein d6 quy dinh. Céc loai Cau triac ndy gom co6: Cau tric so cap, Cau trac bac hai,

c4u tric bac ba, cu trac bac bén [3]. Cu thé:

o Cau tric so cap: La cau tric mo ta thur ty ma trong d6 cac amino acid duoc lién

két voi nhau dé tao thanh mot protein. Thir tu cua cic amino acid trong mét
chudi polypeptide 1a duy nhét va riéng biét cho mdi protein riéng biét. Thay doi
mot acid amin don 1é co6 thé gay ra dot bién gene, thuong din dén mot protein
khong thuc hién duoc chirc ning vén co.

Céau trac bac hai: La ciu trac dé cap dén viéc xoan hoic gap maot chudi
polypeptide cho protein hinh dang 3D ctia nd. C6 hai loai c4u triic bac 2 quan sat
dugc trong cac protein. Mot loai 1a cdu tric xodn alpha (a), cdu trac nay gidng

nhu mot 16 xo xodn va duoc bao vé bai lién két hydro trong chudi polypeptide.



11

Loai thir hai 1a cau trac nép gip Beta (B), cau tric ndy trong nhu cac nép gap lai

va duoc gitr bai cac lién két hydro gitta cac don vi polypeptide caa chudi gap

xép lién ké nhau.

o Céu trac bac ba: La cau trac dé cip dén ciu tric 3-D toan dién cua chudi

polypeptide ctia mot protein. C6 mot s6 loai lién két va luc gitr mot protein trong

ciu truc bac ba cua nd. Nhitng twong tac lién quan dén cac luc hip dan xay ra

giita cac phan tir bi phan cuc. Nhing luc nay dong gop vao su lién két xay ra gitra

cac phan tu.

o Céu triic bac bon : DBé cap dén cau trac cia mot phan tir protein duogc hinh thanh

boi cac twong tac gitra nhiéu chudi polypeptide. Mdi chudi polypeptide dugc coi

nhu mot don vi con. Protein c¢é cdu trac bac bdn co thé bao gom nhiéu hon mot

loai don vi con protein gidng nhau. Vi du nhu hemoglobin dugc tim thay trong

mau, bao gdm bén tiéu don vi: hai tiéu don vi alpha (o)) va hai tiéu don vi Beta

(B

2.1.2 Chirc nang cia Protein

Protein dam nhiém cac chirc nang lién quan dén toan bo hoat dong Séng cua té bao,

quy dinh cac tinh trang va cac tinh chit caa co thé séng. Cu thé:

Bang 2-1: Bang chirc nang cac loai protein co ban [4]

Loai protein

Churc nang

Protein van dong

Chiu trach nhiém cho su co co va chuyén dong.

Protein cAu truc

Co tinh chat xo va bén nén c6 ¥ nghia cung cap su hd tro cho cac bd

phan khac nhau cta co thé

Protein Enzyme

Gilip tao ra cac phan tmg sinh hoa. Thudng duoc goi 1a chat xtc tac vi

ching dy nhanh cic phan tmg héa hoc.

Protein Hormone

Gitip diéu hoa cac hoat dong sinh 1y trong co thé.

Protein van chuyén

Chiu trach nhiém van chuyén cac chét tir noi nay dén noi khac trong

co thé.

Protein khang thé

C6 vai tro bao vé co thé khoi cac khang nguyén xam nhap.

Protein du trir

C6 vai tro duy trit chat dinh dudng cho co thé
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2.1.3 Pinh nghia quan h¢ twong tac protein — protein (PPI)

Tuong tac protein — protein la qua trinh tac dong qua lai gitra cac protein vdi nhau trong
té bao anh hudng dén cac hoat dong séng cua té bao va anh huong dén qua trinh song
cua dong vat. Vé mit vat 1y, twong tac protein — protein 1a hién twong hai hay nhiéu
protein bam vao nhau trong mot diéu Kién sinh héa cu thé duéi tac dong cua luc hit tinh
dién va anh huéng cua tinh ky nuéc cua protein dé tao thanh phtc hop cung tham gia

vao mot qua trinh sinh hoc nao do.

Hinh 2-3: Minh hoa twong tac protein — protein [5]

Céc loai twong tac protein — protein bao gom :

o Tuong tac 6n dinh

o Tuong tac tam thoi

o Tuong tac manh

o Tuong tac yéu
2.1.4 Tam quan trong cia twong tac protein — protein
Sy twong tac cuia protein — protein 1a nén tang co ban cua cac chirc ning cia té bao va
khi qua trinh twong tac nay bi ton hai s& gdy anh huong truc tiép dén co thé sdng [6].
Cac anh huéng sinh hoc ciia qué trinh twong tac protein — protein tic dong t6i co thé
song 1a:

o Thay ddi cac tinh chit dong hoc cua enzyme : c6 thé trong lién két ciu triic hoic

cac anh hudng allosteric.

o Tao cac diém lién két mai.
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o Bét hoat hoic ph4 huy mét protein.

o Thay dac tinh ctia mot protein.

o biéu tiét cac qua trinh.

o Tao cac kénh co chat bang viéc di chuyén co chét giita cac ving hodc céc tiéu

don vi.

2.2 KHAI NIEM CO BAN VE KHAI PHA DU LIEU

2.2.1 Pinh nghia vé khai pha dir li¢u

Khai pha dit liéu 1a mot linh vuc da nganh. N6 dya trén két qua tir tri thong minh nhan
tao, xac sudt va théng ké, 1y thuyét tinh toan phuc tap, 1y thuyét kiém soat, 1y thuyét
thong tin, triét hoc, tam 1y, than kinh hoc va cac linh virc khac. N6 cho phép chuong
trinh “hoc tap” va tu dong cai thién nang luc tir kinh nghiém tich Ity [7]. Vi du nhu
trong dé tai nay, chuong trinh c6 thé “hoc” cach phan 16p mot mébi quan hé protein —
protein c6 phai 1a mdi quan hé tuong tac hay khong va tu dong xép chung vao nhém
protein - protein twong tac (PPIs) hodac nhom protein — protein khong tuong tac (PPNIs).

Cac thuat toan khai pha dir liéu thuong dugc chia thanh hai loai tuy theo cach st
dung ching : Thuat toan hoc may — c6 giam sat (phan 16p), va thuét toan hoc may —
khong gidm sat (phan cum).

2.2.2 Pinh nghia vé hoc c6 giam sat

Hoc c6 giam sat ¢ muc dich 1a xay dyng mdt mé hinh dy doén dya trén béng chung
trong mot truong hop khong chac chan. Thuat todn hoc ¢ giam sat 1ay mot tap dir liéu
dau vao da biét két qua dau ra, va xay dung mot mo hinh dé tao ra cac du doan hop 1y
cho két qua caa mot dix lieu méi. Hoc co giam sat sir dung st dung cac k¥ thuat phan
16p va hdi quy dé phat trién cac moé hinh dy doan.

Biéu dién theo toan hoc, gia sir ching ta c6 mot tap hop dit lidu dau vao X =
{xy, %5, ..., x,,} 43 biét két qua phan 16p 13 Y = {y,,y,, ..., ¥, }. Hoc c6 giam sat 1a tir tap
dit liéu dau vao dung training tao ra mot ham anh xa mdi phan tir tir tap X sang phan tu
tuong tng cua tap Y:

yi = f(x),Vi=1,2,..n (2.1)

Ham anh xa ndy dong vai trd 1a mot mé hinh, dung trong truong hop co dit liéu dau

vao mé6i qua md hinh s& tinh duoc két qua phan 16p twong Gng véi dit liéu dau vao. Vi

du trong dé tai nay ta co tap dir liéu dau vao 1a cac cap protein — protein di gan nhan két
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qua dau ra la tvong tac hodc khong twong tac. Sau khi thuat toan tao ra mot mé hinh,
tire 14 mot ham s6 ma dau vao 1a mot di liéu quan hé protein — protein va dau ra la mot
nhan tuong tac, hodac khong twong tac, khi nhan dugc mot quan hé protein — protein méi
ma md hinh chwa nhin thdy bao gid, n6 s& dy doan dugc quan hé d6 1a twong tac hay

khong tuong tac.

Bang 2-2: B dir liéu huan luyén dy doan twong tac PPI

PPI Fea, Fea, Fea, Fea, Fea,, | Label
M, 1.12E-4 | 2.64E-4 | 3.01E-4 | 1.13E-4 6.18E-4 | 1
M, 1.11E-4 | 1.58E-4 | 2.57E-4 | 9.6E-5 477E-4 |1
M, 1.03E-4 | 2.46E-4 | 8.35E-4 | 0.0 6.39E-4 | 0
M, 1.68E-4 | 2.01E-4 | 2.55E-4 | 2.55E-4 2.19E-4 |1
M, 9.3E-5 |1.11E-4 | 3.35E-4 | 1.67E-4 2.16E-4 | 0
M, _ 1.05E-4 | 6.2E-5 | 1.86E-4 | 6.2E-5 3.09E-4 | 0
M, _, 1.01E-4 | 0.0 1.93E-4 | 0.0 2.71E-4 |0
M, _; 1.24E-4 | 7.8E-5 | 6.47E-4 | 4.13E-4 457E-4 |1
M,_, 1.43E-4 | 2.29E-4 | 6.71E-4 | 4.03E-4 1.62E-4 | O
M, _, 89E-5 |1.71E-4 | 7.4E-5 |7.4E-5 2.46E-4 | 1
M, 1.58E-4 | 2.07E-4 | 3.8E-5 | 3.3E-4 3.59E-4 |1
Ty 1.06E-4 | 1.67E-4 | 2.89E-4 | 1.45E-4 5.78E-4 | ?

2.2.3 Khai niém vé thuit toan phan 16p trong hoc c¢é giam sat

Phan 16p 1a cach thirc xtr Iy nham xép cac mau dir liéu chua biét viao mot trong cac 16p
d3 duogc dinh nghia trude. Cac mau dir liéu chua biét nay duoc xép 16p dya trén gid tri
cac thudc tinh ctia mau dir liéu dé. Hay dic trung cua moi lop 1a tip cac thudc tinh céac
mau dit lidu duoc xép trong 16p do.

Céc thuat toan phan 16p tiéu biéu gom co: Cay quyét dinh, mang Bayes, SVM, ...
CAc thuat toan nay xay dung nhitng mo hinh c6 kha niing phan I6p cho mot mau dix ligu
méi chua biét dwa vao nhitng mau twong tu da hoc trude do.

2.2.4 Bai toan phan 16p

Mot bai toan phan 16p bao gém 3 budc sau:
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o Chuan bj dit liéu

o Xay dung md hinh tir tap dit liéu huan luyén

o Kiém tra va danh gia két qua

Chuén bi dit liéu: Budc nay chung ta chuan hoa dit liéu vé dang cu trac ma bai toan
phan 16p xir 1y duoc, 1a dir liéu dudi dang bang gom 2 cot dbi tugng va thude tinh cua
d6i twong. O budce nay ching ta cling thuc hién trich xuat cac thudc tinh dic trung nhat
trong tap cac thudc tinh cta bo dir lidu.

X4y dung mo hinh tir tap dit liéu huan luyén: Nham xdy dung mot mé hinh xac dinh
mot tap cac 16p dit liéu. M6 hinh nay duoc xay dung bang cach phan tich mot tap di
liéu huan luyén (training dataset) c6 nhiéu miu, trong d6 mdi mau dir liéu duoc xac dinh
boi gia tri cua cac thudc tinh va da thudc vé mot trong cac 16p da duoc dinh nghia trudc,
biéu dién bang thudc tinh phan 16p. Bé dam bao tinh khach quan, chiing ta co thé tao ra
nhiéu bo di liéu huan luyén, va mdi bo dir liéu s& chon ngau nhién cac mau dit liéu huan
luyén tir mot kho cac mau.

Kiém tra va danh gia két qua: Can chuan bi mot tap di liéu kiém dinh c6 cac phan
tr khong thudc tap dit liéu huan luyén, dam bao cho két qua danh gia khach quan. Pua
cac mau thudc tap dir liéu kiém dinh qua mé hinh phan 16p di dwoc xay dung & budc 2
dé thu dugc két qua du doan. So sanh két qua du doan véi két qua phan 16p ding cua
cac mau dit liéu kiém dinh. Két qua ta c6 do chinh xac cua mot mo hinh phan 16p dua
trén tap dix liéu kiém dinh 1a ty 1 nhitng mAu dit liéu kiém dinh dugc phan 16p dang boi
mo hinh phan 16p do.
2.2.5 Tong quan vé mot so thuit toan phan 16p co ban
a, Naive Bayes
Naive Bayes 1a phuong phap phan 16p dua vao thdng ké theo dinh 1y cua Bayes, véi gia
thiét dat ra rang gia tri giita cac thudc tinh 1a doc lap véi nhau. Naive Bayes duoc nghién
ctru rong rii tir nhitng ndm 1950 va trong thuc té, no da chung té duoc hiéu qua trong
nhiéu g dung lién quan, bao gdém phén 16p van ban, chan doan y té va quan 1y higu
nang hé thong [8].
Cac buac thuc hién thuat toan Bayes:

o Budéc 1: Huan luyén Naive Bayes (dwa vao tap di liéu)

= Tinh xé4c sudt P(C;)
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= Tinh xéc suét P(39)

o Budc 2: Mau dit lieu méi duoc gan vao 16p co gia tri 16n nhat theo cong thuc:

max(P(C;) [Ti-1 P(Z) (22)

i
b, Cdy quyét dinh
Cay quyét dinh (Decision Tree) 1a mot cAy phan cip ¢ cdu tric dugce dung dé phan 16p
cac dbi twong chua biét dua trén cac thude tinh cta ddi twong dé theo ddy cac luat sinh
ra tir mot tap dir liéu huan luyén da phan 16p. Hay cac quy tic xay dung tir cac thudc
tinh cta bo dit liéu huan luyén duoc st dung dé thuc hién du doan trén tap dit liéu can
kiém tra.
Hinh dang ciia mot cay quyét dinh 1a mot cau trac c6 thanh phan: c6 node trén cling
duogc goi 1a gbc, d6 1a thudc tinh c6 gia tri 1a diém chia phan 16p tét nhat trong tat ca cac
thudc tinh, cdc node ngoai cing 1a cac 14 cua cdy quyét dinh, biéu thi cho cac 16p dich
biét trudc ma dbi twong s& xép vao. Gitta cac node 1 cac nhanh cdy, dong vai tro 1a cac
biéu thirc so sanh dé phan chia I6p cua thudc tinh. Pudng di tir gbc dén 14 cay 1a mot
chudi cac quy tic phan chia cua gia tri thudc tinh, néu thudc tinh cta doi twong chua
biét tuan theo cac quy tic nay, s& quyét dinh déi twong d6 duoc xép vao 16p c6 vi tri 1a
node 14 tan cung cua duong di.
Co so toan hoc cua cdy quyét dinh 13 thuat toan tham lam, trong d6 cac thudt toan xay
dung cdy quyét dinh tiéu biéu 1a ID3, C4.5 va CART.
Cay quyét dinh 1a mot phuong phap phan 16p hiéu qua va dé hiéu, va dugc ung dung
trong nhiéu linh vyc nhu tai chinh, tiép thi, k¥ thuat va y hoc [9].

root node

salary at least
$50,000

» '\\\
( decline ™

\offer

commute more
than 1 hour

/~ decline ™\
\
~_offer_/

Decision Tree:
Should | accept a new
job offer?

Hinh 2-4: Minh hea Decision Tree

leaf nodes
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¢, Support Vector Machine (SVM)

SVM la mét thuat toan phan 16p nhi phan, SVM nhan dir liéu vao va phan 16p chung
vao hai 16p khac nhau. Vi mot bo cac mau huan luyén thudc hai 16p cho trude, thuat
toan SVM x4y dung mot mé hinh SVM dé phan 16p cac mau di lidu chua biét vao hai
l6p do.

SVM thuong cho dé chinh xac cao ddi véi tap dit liéu co kiéu di lidu lién tuc.

Y

Support Vectors ]

............
..................

Hinh 2-5: Minh hea thuat toan SVM

2.2.6 Két hop cac bd phén 16p

Phuong phap phan 16p tong hop (ensemble) 1a mé hinh c6 két qua duoc tong hop tir
nhiéu mé hinh con yéu (weaker model) duoc huan luyén doc lap. Két qua du doan cudi
cung dua trén viéc “bo phiéu” theo cac két qua cia tirmg mo hinh con d6 dé cho két qua
dau ra. Cac phan 16p con trong bo phan 16p tong hop co6 thé 1a mot bo phan 16p truyén
théng nhu: cay quyét dinh, mang Bayes, ... Phuong phap phan 16p tong hop thuong tao
ra cac duy doan chinh xac hon so véi cac phuong phap phan 16p don 1¢, do giam anh
hudng tir quyét dinh mang tinh tién doan khi chi c6 duy nhat mot mé hinh, tir d6 gitip

tao ra cac két qua co do chinh xac duoc cai thién.
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Data
[
\ 4 L 4
Single Ensemble Classifier
Classifier Training Data
I
v v ¥
Sample 1 Sample 2 Sample &
v v v
Classifier 1 Classifier 2 Classifier &
I i |
Aggregating
I
v v
Evaluation of Evaluation of
Performance Performance
I |
v
Comparison

Hinh 2-6: So sanh bd phan 16p don 1é va b phén I6p tong hop
C6 2 phuong phap xay dung mot bo phéan 16p tong hop:

o Xay dung mdi bo phan 16p co ban bén trong mot cach doc lap, bang cach thay
d6i tap dir liéu huan luyén dau vao, hodc thay doi cac thudc tinh dic trung trong
tap huan luyén, sau do6 sir dung phuong phap biéu quyét dé chon ra két qua cudi
cung cua bo phan 1op.

o Xay dyng cac bd phan 16p co ban va gan trong sé cac két qua caa mdi bo phan
I6p. Viéc lua chon mot b phan 16p co ban s€ anh hudng téi viéc lua chon cua
cac bo phan 16p co ban khac va trong s6 duge gan cho chung.

2.2.7 Mt s6 phwong phap két hgp cic b phan 16p co ban

a, Phuong phap Bagging

Giéi thigu: Mo hinh Bagging dugc Breiman dé xuat nim 1996 nham lam giam 13i
variance nhung khong lam ting 15i bias qua nhiéu.

Mo hinh hoat déng: Tao ra cac bd phan 16p tir cac tap mau con ngau nhién, chip
nhan 13p tir tap mau dit liéu ban dau, va mot thuat toan hoc may tuong tmg. Cac bd phan
16p s& duoc két hop bang phuong phap biéu quyét theo s6 dong. Tire 1a khi c6 mot mau
dit liéu can phan 16p, mdi bd phan 16p s& cho ra mot két qua. Va két qua nao xuat hién
nhiéu nhat s& duoc lay lam két qua caa bo két hop.

Thuat toan:
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o TaoraN tap huan luyén duoc chon c6 13p tir tap dit liéu huan luyén ban dau. Cac
mau dit liéu gitta cac tap con huan luyén c6 thé lip nhau.

o Tu mdi tap huan luyén con, Bagging cho chay véi mot thuat toan hoc may dé
sinh ra tuong tmg cac mo hinh phan 16p theo bd phan 16p.

o Khi c6 mot mau di lidu méi can phéan 16p, két qua phan 16p du doan cudi cing

s& 1a két qua nhan dugc nhiéu nhat khi chay tit ca cac bo phan 16p co ban thudc

tap két hop.
Data with C
perturbed sets 2 ENSEMBLE
of compounds C
N S, 8 Learning Model
Trainingset algorithm M
& Ci
E G Voting (classification)
Cs Cs
) S2 gl Learning Model Consensus
L - algorithm M: Model
. G Averaging (regression)
] Ca
Co Se[ i
o (C:i Learning Model
algorithm Me
Cs

Hinh 2-7: M6 hinh hoat dong Bagging
b, Phuong phap Boosting
Giéi thi¢u: Phuong phap Boosting duoc gigi thiéu lan dau boi Freund & Schapire
(1997), ky thuat nay giai quyét thanh cong cho van dé phan 16p 2 16p.

Mo hinh hoat dong: La thuét toan hoc quan thé bang cach xiy dung nhiéu thuat toan
hoc cung luc va két hop ching lai. Myc dich la dé c6 mot cum hodac mot nhom cac bd
phan 16p yéu sau d6 két hop ching lai dé tao ra mot phan 16p manh duy nhat.

Thuat toan: Y tudng chinh cta giai thuat 13 13p lai qua trinh hoc ctia mot bo phan 16p
yéu nhiéu lan. Sau mdi budc lap, bd phan 16p yéu s& tap trung hoc trén cac phan tir b
phan 16p sai trong cac 1an lip trude. Dé lam duoc diéu nay, ngudi ta gan cho mdi phan
tr mot trong s6. Khai tao,trong sé cua cac phan tir bang nhau. Sau mdi budc hoc, cac

trong s6 nay s& duoc cap nhat lai bang cach ting trong sé cho cac phan ti bi phan 16p
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sai va giam cho cac phan tir duoc phan 16p dung. Két thuc qua trinh hoc thu dugc tap
hop cac mé hinh hoc dung dé phan 16p. Dé phan 16p dit liéu méi dén, ngudi ta sir dung

luat binh chon s6 dong tir két qua phan 16p cua timg mo hinh phan 16p yéu.

w Cl
wl G
wl Cs 5
wl Cs ] Learning Model

/ algorithm M1

ENSEMBLE

© o @ o

Trainingset

%l Weighted averaging &
wlFC1,T e thresholding

c gi e Learning Model Consensus
4 X :
I o algorithm M: Model

. / 2

Cn C 2

Learning Model
algorithm M

Hinh 2-8: M6 hinh hoat dong Boosting
C, Phuong phap Random Forest
Giéi thiéu: Random Forest dugc dé& xuat boi Breiman (2001), 1a mot trong nhiing
phuong phap tap hop mé hinh thanh cong nhat. N6 cho d6 chinh xac cao va do chiu
nhiéu tot.

Mo hinh hoat d6ng: Giai thuat Random Forest xay dung cay khong cit nhanh nham
giir cho bias thap va dung tinh ngau nhién dé diéu khién tinh twong quan thap giita cac
cay trong rung.

Thuat toan: Random Forest tao ra mot tap hop nhiéu cay quyét dinh khong cit nhanh,
mdi cay dugc xay dung trén mot tip mau boostrap, tai mdi node phan hoach tét nhat
duoc thuc hién tir viéc chon ngau nhién mot tip con cac thudc tinh. Loi téng quat cua
ring ngau nhién phy thudc vao do chinh xac cua timg ciy trong rimng va sy phu thuoc

Ian nhau giita cac cay thanh vién.
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Random Forest Simplified
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Hinh 2-9: M6 hinh hoat dong Random Forest
2.2.8 Danh gia m6 hinh phan 16p
a, Khai niem
Mo hinh phan 16p can duoc danh gia dé xem c6 hiéu qua khong va dé so sanh kha ning
ctia cac mo hinh. Hiéu nang ctia mt mo hinh thuong dugc danh gia dua trén tap dir liéu
kiém dinh (test data). Cu thé, gia sir diu ra ciia mé hinh khi dau vao 1a tap dix liéu kiém
dinh duoc m6 ta bdi vector y,,qqicc va vector dau ra dung cua tap kiém dinh 13 y,,e.
Va dé tinh toan duoc hiéu ning, ta can so sanh giita 2 vector ndy véi nhau.

C6 nhiéu cach danh gid mot mé hinh. Tuy vao nhiing bai toan khac nhau ma st dung
cach danh gia sao cho hop 1y. Trong phin nay ching ta tim hiéu mot s cach danh gia
co ban sau: accuracy, confusion matrix, true/false positive/negative...

b, B¢ do Accuracy (d6 chinh xac)
Céch danh gia nay tinh ti 1¢ gitra s6 diém duoc du doan dung va tdng sé diém trong tap
dit liéu kiém dinh.

Céch tinh: Gia st sau khi 4p dung mé hinh phan 16p, ta thu duoc gia tri tham sb:
Pred,,,, — s6 mau kiém dinh du doan dung, Predsqse — s6 mau kiém dinh du doan sai.

Goi bién accuracy 1a 6 chinh x4c ctia mo hinh, c6 gié tri theo cong thic sau:

accuracy = Predirue (2.3)
Predirye+Predsqise )
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¢, Confusion matrix (ma trgn nham ldn)

Cach danh gia Accuracy chi cho chung ta biét dugce bao nhiéu % luong dit liéu duoc
phan 16p diing ma khéng chi ra dugc cu thé mdi loai dugc phan 16p nhu thé nao, 16p nao
dugc phan 16p dung nhiéu nhét, va dit liéu 16p nao thudng bi phan 16p nhim vao 16p
khac. Pé co thé danh gia dugc cac gia tri nay, chung ta sir dung mot ma tran duoc goi
la confusion matrix.

Bing 2-3: Bang gia tri ma tran confusion (chwa chuin héa)

Predict Class
Positive Negative
Positive TP FN
Actual Class Negative FP TN

Y nghia ciia cac tham s nhu sau:
o TP: mau mang nhin duong duoc phan 16p ding vao 16p duong
o FP: miu mang nhan dwong bi phan 16p sai vao 1ép 4m
o FN: miu mang nhin am bi phan 16p sai vao 16p duong
o TN: mau mang nhin 4m duogc phan 16p diing vao 16p 4m

Goi accucary la ¢ chinh xac cua mo hinh s€ dugc tinh nhu sau:

TP+TN
TP+TN+FP+FN

accuracy = (2.5)

Cach biéu dién ma tran nhu trén duoc goi 1 unnormalized confusion matrix, nghia
1 ma tran confusion chua chuan héa. P& c6 ma tran confusion chuin hoa, ta 14y mdi 6
trén hang ctia ma tran confusion chua chuan héa chia cho tong cac phan ti trén hang do.
Nhu vdy, ta c6 nhan xét rang tong cac phan tir trén mot hang cua ma tran confusion
chuan hoa luén bang 1.

Bing 2-4: Bang gia tri ma tran confusion (chuin héa)

Predict Class
Positive Negative
iti TP EFN
Positive /TP + FN /TP + FN
Actual Class -
FP TN
Negative /FP + TN /FP + TN

d, Precision & recall (d¢ chinh xdc & do bao phu)

Precision déi véi 16p c;:
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Precision = —— (2.6)
TP+FP
Recall ddi véi 16p ¢;:
Recall = —= (2.7)
TP+FN

Precision ciing duoc goi l1a Positive Predictive Value va Recall cling duoc goi la True
Positive Rate hay Sensitivity (d6 nhay).
e, bodo F
Do do F 1a mot trung binh hai hoa cua cac tiéu chi Precision va Recall:
o F c6 xu huéng lay gia tri gan véi gia tri nao nho hon giita hai gia tri Precision
va Recall
o F 6 gia tri 16n néu ca hai gia tri Precision va Recall déu lén
Tiéu chi danh gia 13 su két hop cua 2 tiéu chi danh gia Precision va Recall theo cong

thuc:

2XPrecisionXRecall
F= (2.8)

Precision+Recall
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CHUONG 3 : DUDPOAN TUONG TAC PROTEIN - PROTEIN
Nhu di dé cap ¢ gi6i thiéu mé dau, viéc nghién ciru dy doan tuong tac protein — protein
trong tin sinh hoc c6 y nghia dac biét quan trong trong viéc tim hiéu chtc niang cua
protein mai, va anh hudng cua cic hoat dong tuong tic nay t6i té bao trong co thé song,
bén canh cic cong trinh nghién ctu dy doan twong tic PPI bang phuong phap thuc
nghiém. Do ciing 1a co s& cho viéc ra doi bai toan du doan twong tac protein — protein.
Noi dung cua bai toan trong nghién ctru nay 1a: dau vao 1a tap cac dir liéu quan hé twong
tac gitta cac cap protein — protein da dugc gan nhan theo 2 16p (duong tinh — ¢6 twong
tac, am tinh — khong twong tic), qua thuét toan phan 16p tong hop xay dung mot mo
hinh dé kiém chimg dau ra 13 két qua di doan tuong tac cia cac miu dau vao. Tir d6 suy
ra do chinh xac ciia mo hinh thuat toan.
3.1 MO HINH DU POAN TUONG TAC PROTEIN - PROTEIN
Dé giai quyét bai toan du doan tuong tac protein — protein. Trong nhimng nam gan day,
rat nhiéu phuong phap tin sinh hoc da dwoc dé xuat, vi du nhu: St dung théng tin ciu
tric 3D cua protein va tao ra thuat toan PrePPI dé du doan PPI ¢ ngudi va nAm men
[Zhang va cong sw,2012] [10]. Phuong phap mé rong mdi polymerase: thu thap cac
chudi polypeptide ngan lién tuc xay ra gitta cac cip twong tac protein da biét [Pitre &
céng sw,2006] [11]. Str dung hé théng hoc may k-nearest neighbors dua trén thanh phan
amino acid gia va lya chon thudc tinh [Liu & céng sw,2009] [12]. Trich xuat thudc tinh
genomic/proteomic va lya chon dic trung du doan PPI bang cach sir dung thuat toan
VSM [Urquiza & céng sw,2011] [13]. Sir dung cong cu tim kiém cho viéc truy xuat dir
liéu co s dir liéu twong tac gen dé du doan cac PPI trén co sé hop nhat va hinh thanh
gen [Szklarczyk & cong su,2011] [14].

Céac phuong phap dé& xuit khac nhau trong thuat toan trich xuat dic trung va xay
dung mo hinh. Pay 1a 2 yéu t6 anh huéng dén hiéu suat cia phuong phap. Di voi trich
Xuit thudc tinh, nhiéu phuong phép khai thac thong tin dd duoc dé xuat. Vi du: Phuong
phap trich xuat thudc tinh 188-D duya vao tinh chat héa 1y va sy phan bd cac amino acid
cua protein [Cai & céng si,2003] [15], phuwong phap trich xuét thudc tinh 20-D tir chudi
protein trén co s& cua Vi tri protein — ma tran diém riéng biét [Zou & céng sir,2013] [16],
phuong phap n-gram, tao ra tir thuat toan ngdn ngit ty nhién, di duoc phét trién trong
tin sinh hoc, cac cong cu trich xuit dic trung dic biét nhu Pse-in-One, RepDNA,
RepRNA ... dé tao ra cac thudc tinh khac nhau ctua chudi DNA, RNA va protein.
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Vé xdy dyng mo hinh, cac phuong phap dé xuat c6 hai huéng xay dung mé hinh
phan 16p: M6 hinh phan 16p don 1é, mé hinh phan 16p tong hop (ensemble). Trong do,
mo hinh phan 16p tong hop 12 mé hinh dugc xay dung tir cac mo hinh con cua cac bd
phan 16p yéu hon, muc dich 14 tao thanh mot b phan 16p manh. Uu diém cia mé hinh
nay so v4i cac mo hinh phan 16p truyén thong 1 ¢ hiéu suat du doan t6t hon, va 13i du
doan thap hon, nhung c6 nhuoc diém 1a c6 chi phi xay dung phai bo ra cao hon.

Tuy nhién, hau hét cac phuong phap hién tai dugc dé xuat déu khong dé cap dén yéu
t6 xay dung s6 liéu, dd duoc ching minh 1a c6 tac dong Ion dén két qua cia phuong
phap tinh toan. Pé c6 duoc mo hinh phéan 16p cho dy doan tét nhat, dir liéu huan luyén
can dam bao van dé can bang giira di liéu duong tinh — 4m tinh. Thoi diém hién tai, tap
dir ligu protein-protein c6 quan hé tuong tac - PPIs (dir li¢u duong tinh), va tap di li¢u
protein — protein khong c¢6 quan hé twong tac - PPNIs (dit li¢u am tinh) dang c¢6 sy chénh
léch 16N, véi s6 luong PPIs 16n hon dang ké so véi s6 luong PPNIs. Ngoai ra trong tap
dir liéu am tinh PPNIs d3 biét, cac quan hé khong twong tac protein — protein di duoc
ching minh 1a khong c6 twong tac vat 1y, nhung su khong twong tac gen thi kho co thé
chang minh bang thuc nghiém, tiém an nguy co tao ra nhiéu sai s6 gia trong s6 liéu am
tinh PPNIs su dung.

Trong luan van nay, t6i nghién ctru va xay dgng mot phuong phap tinh toan dy doan
tuong tac protein — protein theo mé hinh phan 16p tong hop, dua theo cac phuong phap
Bagging ctua Breiman va cong sy nam 1996, phuong phap AdaBoost cua Freund va cong
su nam 1997 va phuong phap Random Forest dugc phat trién bai Leo Breiman va cong
su nam 2001. Phuong phap dé xuat gom 3 diém chinh: Xay dung sé liéu, khai thac thudc
tinh, phan 16p.

- Xay dung s6 liéu: st dung bo s liéu duong tinh, bd s6 liéu 4m tinh da dwoc kiém

chung xac thuc qua cac thuc nghiém sinh hoc.

- Khai thac thudc tinh: sir dung 2 phuong phap 1a :

= n-gram dé xay dung bo thudc tinh cin ctr vao tan suat cta cac amino acid co
mat trong protein.

= Multiscale local descriptor(MLD) chuyén chudi trinh ty amino acid trong
protein thanh vector dic trung bang cach sir dung luge dd6 ma héa nhi phan.

Sau d6 ap dung phuong phap lya chon thudc tinh dé tao ra mot tap hop cac thudc

tinh duoc tdi uvu hoa.
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- Phén 16p: st dung mé hinh phén 16p tong hop, cu thé 1a ba bd phan 16p AdaBoost,
Bagging va Random Forest vao tinh toan du doan twong tac protein — protein va
so sanh hi¢u qua thu dugc vai cac b phan 16p don 1€ twong ing dugc cac bd
phan 16p t6ng hop sir dung lam b phan 16p co sd, lan luot 1a Decision Stump,
REPTree va Random Tree.

Sau thuc nghiém, cac két qua cho thay hiéu qua tot cua mé hinh duoc xdy dung trong
du doan PPI.
3.2 XAY DUNG MO HINH THUC NGHIEM
3.2.1 Xay dwng bo dir liéu

Du doén tuong tac PPI thudc bai toan phan 16p nhi phén, vi vay chung ta cin xay
dung cac tap dir liéu duong tinh va am tinh. Trong do, tap dir li¢u duong tinh la tap dir
liéu chira cac cap protein c6 quan hé tuong tac. Tap dir liéu am tinh 1a tap dir li¢u chia
cac cap protein khong c6 quan hé tuong tac. Trong luan van nay, tap dir li¢u duwong tinh
dugc thu thap tir nguon dit liéu DIP (Database of Interacting Protein) trén Internet, co

dia chi trang web tai: http://dip.doe-mbi.ucla.edu/dip/Main.cgi [17] vé&i s6 lugng tuong

tac hién c6: = 80.000 cap. Tap dit liéu 4m tinh ta co duoc tir tich liy két qua cac thyc
nghiém. Tén bd dit liéu am tinh 13 Negatome. Sé lugng hién co: = 6.450 cap, duoc lay

vé tir dia chi trang web http://mips.helmholtz-muenchen.de/proj/ppi/negatome/ [18]

Pé dam bao ty I¢ dir liéu duong tinh can bang véi dir liéu am tinh theo ty 1¢ 1:1. Ta
ldy ngau nhién sb lugng mau tap di liéu duong tinh, tap dir liéu Am tinh Negatome cting
sb cap vai nhau. Tong sé mau dix liéu dudi dang dit liéu tho 1a chudi vin ban thé hién 1a
trinh tu sdp xép cua 20 amino acid trong chudi protein duoc ky hiéu bang chir cai dau
ctia mdi amino acid. Va dé thyc hién phan 16p ta can chuyén hoéa tir dit liéu tho sang di
licu dudi dang ma tran thudc tinh duéi dang sb liéu dang s6 co thé tinh toan duoc Vi
mdi thudc tinh dudi dang s6 13 mot tinh chat cua protein.

3.2.2 Trich xuit thudc tinh/dic trung

Trong nghién ciru ndy toi sir dung 2 phuong phap trich xuét thugc tinh 1a n-gram va
Multiscale local Descriptor (MLD).

n-gram la phuong phap dugc tao ra tir thuat toan xir Iy ngon ngir tw nhién [19]. Cac
n-gram duoc sir dung dé ma hoa protein duoc xay dung bang cach tinh tan sb xuat hién
cua n chudi amino acid. Vi tan sé tinh bang tong cac thudc tinh hoic téng sé 1an xuat

hién caa mdi thudc tinh. Phuwong phap tan suit n—gram cé thé duoc sir dung dé dat cac


http://dip.doe-mbi.ucla.edu/dip/Main.cgi
http://mips.helmholtz-muenchen.de/proj/ppi/negatome/
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thudc tinh 1-gram, 2-gram va 3-gram. Vi 3 loai thudc tinh déu c6 dong gdp khac nhau
cho quan hé twong tac, nén dé day du, toi da thuc hién nhan ba thudc tinh theo cac trong

luong khac nhau dé tao ra mot vector dic trung c6 8420 chiéu.

F1,F2,..,F20

> Protein
GGELYQPVLTTEIAIIMFGVSPNYNLFTGI
TYYEVDGGGPLVNNVEIKARDADRYPLL Tinh s6 Ian xudt
EAANQETKEDLHGWRLLAEITAGTRKM | hién méi mot nhém N o N F1,F2, .., »  Tihtinsust
GKSTVTAHYAGCGVKLLENSEYREKFAV 7| amino acid trong ” ; F400 I
GGIKEYDEMSGGVKDLLVEDRR chui (N=1,2,3)

7y F2) oy
F’8000
F’1=F"1*20/8420,
F”’2=F"2*20/8420, ...,
F”"20=F"20*20/8420

F1=F1/3F,
F2=F2/3F', ..,

F"20=F'20/5F'i
P F’1=F'1/
/ F*1=F"1%400/8420, S
o a - JF72=
FLF2,.,F8420 Két hop < F 3’ F’2 4}90/8420, .y P Nhan véi (20 mii N)/ < SF
< F”400=F"400*400/ 8420 . ;
F”"400=F'400/
8420 a
SFi
"1=F"1*8000/8420,
F”"2=F""2*8000/8420,
&

F”’8000=F""8000*8000/
8420

F1=F1/
SFiF2=F2/
3F, oy
F’8000=F'8000
/3Fi

Hinh 3-1: So @6 phwong phap trich xuét thuge tinh n-gram

Vi cac cap PPI, PPNI bao gdm 2 protein nén khi trich xuat thudc tinh béi phuong phap
n-gram s& sinh ra 2 chudi ma. Dé st dung can két hop 2 vector thudc tinh riéng dé tao
ra vector thudc tinh cudi cung. Gia dinh rang PPI (hoac PPNI) bao gom 2 protein A va
B. Protein A, B dugc ma hoa bai phuong phép trich xuit dic trung dugc biéu dién bang
FA va FB, trong d6 FA va FB 1a 2 vector thudc tinh biéu dién bai:

FA = {FAy,FAy,FAs, ...,FAgao}

FB = {FBy,FBy,,FB;, ..., FBgy5}

Goi FC 1a vector thudc tinh két hop. Ta c6:
FC = {FCy,FCy,FC;, ..., FCg40}

VOl:
FA; + FB;
Fli=—5—
/ /
FA = {FA1,FA2,...,FA8420}, - Ap dung cong thirc ‘ - _
FB = {FB1,FB2,..,FB8420} P FCi=(FAI+FBi)/2 gl RESAE RS0

Hinh 3-2: So' d6 két hep 2 vector thudc tinh ciia cip protein - protein
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MLD 1a phwong phap dugc dé xuét dé bién d6i chudi trinh tw amino acid trong protein
thanh cac vector dac trung b'fmg cach str dung mot luoc dd ma hoa nhj phan. Toan bo
chudi trinh ty amino acid trong protein duoc chia thanh 4 doan c6 do dai bang nhau, V&i
s6 luong amino acid duoc giam chiéu bang cach chia 20 amino acid thanh 7 nhém co
ban dya vao tinh ludng cuc va thé tich mach nhanh cta amino acid, gia st ky hiéu 4
doan theo thir tu 1a: S1, S2, S3, S4. Xét tinh lién tuc ctia 4 doan vai nhau chia chudi trinh
tu ban dau thanh 9 chudi trinh ty con, biéu dién dudi dang ma hoa nhi phan 4 bit 1a:
1000, 0100, 0010, 0001, 1100, 0110, 0011, 1110, 0111, trong d6 ky tu 1 biéu dién doan
tuong wng co ton tai, ky tu 0 biéu dién doan twong tmg khong ton tai. Vi mdi chudi
trinh tu con, ta tinh toan cac mo ta dja phwong: Thanh phan, chuyén tiép va phan bd.
Thanh phan tinh tan suat cia mdi nhom trén tong sb phan tir; Chuyén tiép tinh tan suat
ctia cac amino acid trong mot nhom cé phan tir ké tiép 1a amino acid thudc mot nhoém
khéc; Phan b xac dinh tan suat & cac vi tri dau tién, vi tri 25%, 50%, 75% va vi tri cudi
cung cia nhom trong chudi trinh tu con. Cubi cung, mdi mot chudi trinh tu con ¢6 63
mo ta duoC tao ra: 7 md ta thanh phan, 21 mé ta chuyén tiép, 35 mé ta phan bo. Mdi
protein chia thanh 9 chudi trinh tu con ¢6 cac mo ta ghép lai tao ra mot vector 63 * 9 =
567 chiéu. Cap protein PPI (hoic PPNI) duoc két hop dé tao ra vector dic trung cudi
cung bang cach ghép 2 vector 567 chiéu caa mdi protein, sinh ra mot vector 1134 chiéu
dai dién cho cap protein d6 [20].

Bing 3-1: Bang chia nhém 20 amino acid dwa vao tinh luéng cwe va khéi hrgng mach nhanh

Nhém Amino acid Tinh lwéng Cuc Khoi lwong mach nhdanh
1 A G,V dipole <1 volume < 50
2 C 1 <dipole<2 volume > 50
3 M,S, T,Y 1 <dipole <2 volume > 50
4 F 1L P dipole <1 volume > 50
5 H, N, QW 2 <dipole <3 volume > 50
6 K, R dipole > 3 volume > 50
7 D, E dipole > 3 volume > 50

Sau budc trich xuat thudc tinh ta c6 mdt ma tran thudc tinh kich thudc (mxn):
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AOO AOl AO(TL—l) 1

Amo Ami Am@n-1 0

v6i m 1a sb luong bo dix lidu, n 1a sb thudc tinh caa bo dix liéu, bao gém ca thudc tinh
phan 16p. Trong nghién ctru nay, thudc tinh phan 16p quy udc cd 2 gid tri: gia tri 1 —
tuong tng l6p dinh nghia c6 quan hé twong tac protein — protein, gia tri 0 — twong Gng
I6p dinh nghia khong c¢6 quan hé twong tac protein — protein.
3.2.3 Lwa chgn thugc tinh/dac trung
Khong phai tat ca cac thude tinh trich xuat dugc déu co loi cho viéc phan 16p. Vi vay,
lya chon cac thude tinh c6 d6 quan trong cao trong b di liéu thudc tinh ban dau 1a can
thiét trude khi 4p dung céac giai thuat phan 16p thudc tinh. Trong luan van nay, phuong
phap MRMD duoc sir dung. Muc tiéu chinh cua phuong phap 1a tim kiém mat loai chi
s6 xép hang cua thudc tinh dap tmg 2 yéu cau, d6 1a: su lién quan gitra tap hop thuoc
tinh va 16p dich, va tinh thira cua bo thudc tinh. Hé s6 twong quan Pearson dugc st dung
dé do luong sy lién quan. Ba loai ham khoang cach (ED, khoang cach Cosine, va hé s6
Tanimoto) dugc st dung dé tinh toan sy thira. Su lién quan giira tap thudc tinh va 16p
dich tang 1én cung véi Su gia tang hé s tuong quan cua Pearson. Khoang cach giita cac
thudc tinh cang 16n thi d6 thira cua tap thudc tinh cang thap. Thudc tinh vai tong 16n
hon cua su lién quan va khoang cach duoc chon 1am b thudc tinh cudi cung. Két qua,
bo thudc tinh do MRMD tao ra c6 sy du thira thip va do lién quan cao t6i l6p dich.

Cu thé, & day ta tinh hé s6 twong quan Pearson gitra l6p mdi thudc tinh trong dit lidu

dau vao va 16p dich 1a 16p nhén phén 16p theo cong thirc sau:

numerator
e = denominator (3.1)
numerator = Y-, (x; — %) * (y; — y) (3.2
denominator = /Y (x; — %2 X, (y; — ¥)? (3.3)

Trong do:
x;: gia tri ctia cot thude tinh X trén ddi twong i
X: Ky vong cua cot thude tinh X
y;: gia tri ctia cot 16p nhan Y trén ddi tuong i
y: ky vong cua cot I16p nhan Y

n: s6 ddi tugng trong tap dau vao
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7;: hé s6 twong quan Pearson gitra cot thudc tinh ¢t va cot [ép nhan Y
Ba loai ham khoang cach dugc tinh nhu sau:

Do do Euclid cua thudc tinh X dugc tinh theo cong thurc:

K EDyy,
EDy = =24 (3.4)

Vé6i k 1a sb thudc tinh va EDyy 13 @6 do EuClid gitta hai thudc tinh X va Y dugc tinh

theo cong thuec:

EDyy = \/Z?=1(Yi — x;)? (3.5)

Trong do6:

n: s6 ddi twong thudc tap dau vao

x;: gia tri thudc tinh X cua ddi twong tha i, hay x; € (X = {x4, x5, ..., X,})
y;: gia tri thudc tinh Y cua d6i twong tha i, hay y; € (Y = {y1, V2, o» Yn})
P9 do Cosine cua thudc tinh X duogc tinh theo cong thuic:

k .
Vi1 Cosinexy;

- (3.6)

Cosiney =
k 1a s6 thudc tinh va Cosineyy 14 gia tri 46 do Cosine gitta 2 thudc tinh X va Y duoc

tinh boi cong thuc:

n
Cosineyy = 2iz1 X1 (3.7)
\/Z?=1xi2*\/z?=1yi2

Trong do:

n: s6 ddi twong thudc tap dau vao

x;: gia tri thudc tinh X cua dbi twong thir i, hay x; € (X = {x1, x5, ..., X,,})
y;: gia tri thudc tinh Y ciia d6i twong tha i, hay y; € (Y = {y1, V2, o, Yn})
P do Tanimoto cua thudc tinh X duoc tinh theo cong thirc:

Z{‘(=1 Tanimotoxy;

k

Tanimotoy = (3.8)

Vi k 12 s6 thudc tinh va Tanimotoyy 1a gia tri d6 do Tanimoto giita 2 thudc tinh X va
Y duoc tinh bang cong thirc:

: YL, Xi*yi
Tanimotoyy = =1 3.9
xr T X+ I i - El ey (3.9)

Trong do:

n: s6 d6i twong thudc tap dau vao
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x;: gia tri thudc tinh X cia d6i twong thir i, hay x; € (X = {xq, X3, ..., X,,})
y;: gi4 tri thudc tinh Y cua dbi twong thir i, hay y; € (Y = {y1, Y2, e, Yn})
Xép hang d6 lién quan cao va d6 du thira thap cua cac thudc tinh theo phuong phép

MRMD duoc tinh theo cong thuc:

(ri+ED;)+(ri+Cosine;)+(ri+Tanimoto;)
3

mrmd; = (3.10)

Sau d6, thuc hién liy cac thudc tinh c6 gia tri xép hang cao nhat vao tap thudc tinh
duoc lua chon.

Sau budc nay, ta lua chon duoc tap thude tinh quan trong nhat tir tap thudc tinh ban
dau thoa mén diéu kién c6 d6 lién quan cao tdi 16p thude tinh phan 16p va co d6 du thira
thap trong tap cac thugc tinh. Pay 1 bo dir liéu dung lam dau vao cho viéc phan 16p va
danh gia két qua phan 16p. Ta sir dung phuong phap k-fold cross validation, trong nghién
ctru nay st dung k = 10, hay chia tap thudc tinh dic trung thanh 10 phan bang nhau, 9
phan sir dung 1am dix liéu huan luyén, va phan con lai 1a dir liéu kiém dinh mo hinh.

Dé da dang tap dir liéu huan luyén va tap dir liéu kiém dinh, ta xdy dung mot ham
chia file va dam bao x4o tron dit liéu trong tap ban dau trudc khi chia.

3.2.4 Phan 16p dac trung

Trong nghién ctru nay, ta thyc nghiém xu ly phan 16p theo hudng sir dung thuat toan
phan 16p téng hop véi ba bo phan 16p 1a: Bagging, AdaBoostM1 va Random Forest dé
1am & wu diém so Véi cac thuat toan phan 16p don 1¢ sir dung d6i chimg trong nghién
ctru la Decision Stump, REPTree va Random Tree.

Gia str tap dir liéu thudc tinh dic trung thu dugc ¢ sd lwong n mau, ta phan chia lam
10 phan bang nhau. Véi 10 phan ta chia lam 10 bo dit lidu huan luyén va dit liéu test
theo cach: ldy mot phan 1am dit liéu test thi 9 phan con lai 1a dit liéu huan luyén, lap lai
cho 10 phan dir liéu déu st dung lam dir liéu test. Tap dit liéu huan luyén c6 sé lugng
n, = nx0,9 mau, tap dit liéu kiém dinh c6 sb luong n, = nx0,1 mau. Trong d6 2 tap
dit liéu huan luyén va tap dit liéu kiém dinh doc lap véi nhau va khong duge co phan tir
chung, dam bao viéc kiém dinh 12 khach quan nht.

Trong d6 bo phan 16p téng hop Bagging st dung thuat toan co ban 13 REPTree, voi dit
lieu huan luyén 1 n; mau huan luyén. Tir n; mau huan luyén ta tao ra k tap dix liéu huan
luyén con, trong d6 cac mau huan luyén duoc chon ngau nhién va co thé cé lap. Tao

tuong tmg cac mo hinh véi mdi tap huan luyén trong k tap huan luyén con cing thuat
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toan REPTree, ta thu dwgc k mé hinh co ban trong Bagging. V6i mdi mau can du doan
méi trong n, mau dit liéu kiém dinh di vao trong Bagging, ta thuc hién du doan phan
I6p mau nay qua k mo hinh co ban va biéu quyét mau nay thudc I6p nio c6 s6 luong bo

phiéu nhiéu nhat.

Tap 5 Ak /
- Xay dyng mé hinh - . /
di ligu huan frgieas ot Mé hinh thir . A
luyén con thir Vi thuattodn  —— nhat Mau test—P Lépi(i=0,1)
nhat REPTree

Tap . - / .
e Xay dung mé hinh o B6 phiéu chon ra
dirligu hudn V6ithusttoan | | MOMNThE 1L s et L6pi (i=0,1) > 16piduoc vote
luyén con thir hai quoc
N REPTree nhiéu nhat
hai
700 m3u Chia thanh 100 tap huan
dt lieu hugn luyén con, m3u di ligu c6 | —|
luyén thé lap
v
Tap . .
LI Xay dung mé hinh / I
dirligu hudn véithuttodn ——p| | Mo hinhthiri | —Mau test Lop i (i=0,1) (EREILE
luyén con the dinh
i REPTree

Tap
oAb Xay dung mé hinh
di liéu huan P
L—/ R . vGithudttoan |
luyén con thir
o REPTree

M6 hinh thir

100 F—Mau test—P/ Lépi(i=0,1)

Hinh 3-3: So d6 thuit toan Bagging trén tip 1, miu huan luyén

Thi hai, bo phan 16p tong hop AdaBoostM1 trong nghién ctru nay sir dung thuét toan
co ban 1a Decision Stump (cdy quyét dinh mot cip). Cach thyc hién giai thuat
AdaBoostM1 1a thuc hién xay dung lap lai cac mé hinh co ban trén tap dit liéu huan
luyén c6 trong so thay doi sau mdi lan traning, theo huéng: & vong training trudc, mau
dit liéu nao du doan dung s& gan trong s6 thip di, mau di liéu nao du doan sai s& dugc
gan trong s6 cao hon, muc dich 13 & vong training sau mau dir liéu sai ndy s& co vai tro
quan trong hon trong viéc phan 16p. Chuong trinh s& thoat khi ta co ti I& mau du doan

sai >=1/2 (tong sb mau), hoac két thic s lan training cai dat.

Cubi cung, Random Forest st dung thuat toan co ban 1a Random Tree (cdy ngau
nhién). Cach thuc hién giai thuat nhu sau:
1. Xay dung Random Tree dau tién trong Random Forest:
1.1. Lya chon k mau ngau nhién trong tong sé n, mau tap hoc lam tap dir liéu hoc.
1.2. Lya chon gdc 1a thudc tinh c6 gid tri phan 16p tap dich tét nhat trong tat ca cac
thudc tinh. Trong nghién ctru nay, sb thudc tinh lya chon mic dinh bang sé thudc
tinh trong tap hoc.
1.3. Tinh cac node trong tiép theo sau géc bang cach chon thudc tinh c¢6 gia tri phan

chia tét nhét trong cac thudc tinh con lai.
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1.4. Chi dung cho dén khi thu duoc mot cay hoan chinh c6 gdc va tin cung 1a cac
nut 14 véi chiéu sdu cdy mong mudn. Trong nghién ctru nay, chiéu sau cay khong
bi gigi han cho thudc tinh cudi cing tach duoc.

. Thuat toan Random Forest tao k Random Tree tuong tnmg ham xay dung budc 1

duoc l3p lai k lan.

. Thuc hién du doan dir liéu kiém dinh boi mdi Random Tree vira xay dung, tong hop

k két qua dy doan tir k Random Tree, tinh toan sb luong 16p duoc du doan. Két qua

du doan cudi cung cua thuat toan Random Forest 1a thudc 16p c6 sb luong dugc du

doan nhiéu hon.
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CHUONG 4 KET QUA THUC NGHIEM VA KET LUAN
4.1 CHUONG TRINH CAI PAT
4.1.1 Yéu cau c4u hinh
Chuong trinh thuc nghiém du doan tuong tac protein - protein sir dung k¥ thuat khai
pha dit liéu duoc lap trinh bang ngon ngir Java. Yéu cau can co dé chay dugce chuong
trinh la:
- MBoi treong java toi thiéu version 1.6
- Phan cung:
o CPU Dual-coret, RAM 8G+ (cho truong hop chay luwa chon thuoc
tinh/dic trung sau trich xuat thudc tinh/dic trung n-gram)
o CPU Dual-coret, RAM 4G+ (cho truong hop chay lwa chon thuoc
tinh/dac trung sau trich xuat thudc tinh/dic trung MLD)
- Client chay tng dung phai 1a may cai hé diéu hanh Windows.
4.1.2 Cai dat
M¢ giao dién chuong trinh:

|| Dur don tuong téc Protein - Protein sif dung k thust khai pha di li2u = —
Trich xuat thuge finh/dac tring Bidu db

PPls |
PPNIs |
Save File |

| ngam || MLD

Lwa chon thudc tinhidac trieng w
Input | B
Save File |
s tinhnang: () 50 @ 100 O 150 () 200 () 250 ) 300 ) 350

| Thuchién | | Crossvalidation (10... |

Phén loai thude tinh/déc trumg Decision Stump  AdaBoastM1 REPTre: Bagging RandomTrez  Randam Forest

TrainFile |

e
Thuit todn

TestFile | H EEEEEER
SaveFile |
| DecisionSt.. | | AdaBoostd1 | | REPTree | Bagging | | RandomTr.. || RandomF.. | Hién thi ket qua
Resetdata |
Danh gia mé hinh thuat toan
ResultFile |
|_Dedsion st | [ AdaBoost1 | [ REPTree | | Bagging | | RendomTr_ | | RendomF_ | Decision Stu_. | AdaBoostd1 | REPTree Bagging RandomTree | Random Forest
0 0 0 0 0 0
0 0 0 0 0 0
0 0 o 0 0 0
o o 0 o 0 0

Hinh 4-1: Giao dién chwong trinh Dy doan twong tac protein — protein sir dung ky thuat khai
pha dir ligu
a, Chudn bj diz liéu
Dt liéu dwong tinh: Tai vé tr ngudon DIP c6 dia chi tai: http://dip.doe-

mbi.ucla.edu/dip/Main.cgi. S6 lugng cac cap PPI lay ngiu nhién 6445 cap.
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D lieu 4m tinh: Tai vé& tr nguén co6 dia chi tai http://mips.helmholtz-
muenchen.de/proj/ppi/negatome/. Sb legng PPNI 1y ngau nhién: 6445 cip.

Dir liéu c6 dang tép nén chira cac file dudi *.fasta, trong mdi file c6 dit lidu tho chira
thong tin vé cap protein.

b, Trich xudt thugc tinh/dic trung

Trich xuat thudc tinh/dic trieng

[ PPIs |
[ PPMIs |
| SaveFile |

| n-gram || MLD

Hinh 4-2: Giao dién chire ning trich xuit thudc tinh/dic trung
Nhén button [PPIs], chon thu muc chira cac cip protein twong tac.
Nhén button [PPNIs], chon thu muc chira cac cip protein khong tuong tac.
Nhén button [Save File], chon thu muc luu file két qua trich xuét.
Nhan button [n-gram] - thuc hién trich xuét thudc tinh/dic trung theo phuong phap n-
gram
Nhan button [MLD] — thuc hién trich xuat thudc tinh/dac trung theo phuong phap MLD.

¢, Lwa chon thugc tinh/dac trung
Lira chon thudc tinhidac trieng
[ Input [
| SaveFile |
Sdtinh nang: () 50 (® 100 () 150 () 200 () 250 () 300 () 350

| Thuirc hién | | Cross validation (10... |

Hinh 4-3: Giao dién chirc ning lya chon thudc tinh/dic trung
Nhan [Input] chon file dit liéu trich xuit dwgc & budc b, Trich xudt thude tinh/déic trung
lam dau vao.
Nhén [Save File] chon thu muc cin luu file két qua lra chon thudc tinh/dic trung.
Nhan [Thuc hién] thuc hién goi ham lya chon tinh nang/dac trung.
Nhén [Cross validation (10-fold)] thuc hién chia file két qua sau khi lya chon thudc

tinh/dac trung thanh 10 phan dit liéu bang nhau, sir dung lan lugt mdi phan di liéu lam
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dit liéu kiém dinh, 9 phan con lai 1am dir liéu training. Ta c6 10 bo dit liéu, mdi b dit
licu gom 2 file: file di liéu training va file dit liéu kiém dinh.
d, Phdn lop dac trung

Phan loai thudc tinh/dac trieng

| TrainFile |
| TestFile |
[ SaveFile |

| DecisionSt. | | AdaBoostM1 | | REPTree | | Bagging | | RandomTr.. | | RandomF.. |

Hinh 4-4: Giao dién chirc niang Phan 16p thudc tinh/dic trung
Nhan button [Train File] chon file di liéu huan luyén.
Nhan button [Test File] chon file dir liéu kiém dinh.
Nhéan button [Save File] chon thu muc luu file két qua phan 16p tir dau vao 1a dir lidu
kiém dinh.
Nhan 1 trong 6 button [Decision Stump], [AdaBoostM1], [REPTree], [Bagging],
[Random Tree] hoac [Random Forest] thuc hién goi ham phan 16p dac trung twong Gng
cho mdi thuat toan: thuat toan phan 16p don 1é Decision Stump, REPTree hoic Random
Tree, thuat toan phan 16p tong hop AdaBoostM1, Bagging, hoac Random Forest.
Két qua du doan va biéu do twong tng hién thi trong hop Panel bén phai.
e, bo do danh gia

Béanh gia md hinh thuit toan

| ResultFile |

| Decision3t.. | | AdaBoostM1 | | REPTree | | Bagging | [ RandomTr.. | | RandomF.. |

Hinh 4-5: Giao di¢n chirc ning Panh gia mé hinh thuit toan
Nhan button [Result File] chon file két qua vira thu duoc qua budc phan 16p thudc
tinh/dac trung.
Nhian 1 trong 6 button [Decision Stump], [AdaBoostM1], [REPTree], [Bagging],
[Random Tree] hoic [Random Forest] dé thuc hién goi ham tinh toan d6 do tuwong (ng
cho mdi thuat toan phan 16p Decision Stump, AdaBoostM1, REPTree, Bagging, Random

Tree hoac Random Forest.
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Két qua danh gia d6 do va biéu d6 twrong ung hién thi trong hop Panel bén phai.

4.2 KET QUA DU POAN TUONG TAC PROTEIN - PROTEIN

Tién hanh thuc nghiém véi 6 thuat toan, 3 thuat toan phan 16p tong hop 1a AdaBoostM1,
Bagging va Random Forest, 3 thuat toan phan 16p don 1¢ 1a Decision Stump, REPTree,
va RandomTree. Nhu di dé cap o phan 3.3.3. Lya chon thudc tinh/dic trung, ta p dung
phuong phap k-fold cross validation, bang cach xdy dung mot ham chia file dit liéu ban
dau thanh 10 phan bang nhau. LAy lan lwot mdi phan lam dit liéu kiém dinh va 9 phan
con lai 1am dix liéu huan luyén, ta thu duoc 10 bo di liéu. Mdi bo dit liu co 2 file: file
dir liéu huan luyén va file dir liéu kiém dinh vai ti 1 9:1. Dé két qua thu duoc c6 su
khach quan, trong nghién ctru ndy, trudc khi chia ta x4o tron dir lidu trong file ban dau
mot cach ngau nhién néu nguoi dung mudn cé nhiéu hon cac bo dir liéu danh gia.

Sau khi chay chuong trinh tir cac bo dix liéu huan luyén va bo dit liéu kiém dinh vira
chia, ta thu dugc cac file két qua vai thuat toan tuong (ng, véi mdi mau dir liéu trong
tap mau kiém dinh trong file c6 gia tri thudc 2 cot: Cot 16p dich dugc du doan, va cot
I6p dich dang cho trudc.

Bang 4-1: Bang gia tri phan 16p dy doan

Mau di liéu Lép dw dodn Lép duang
1 0 1
2 1 1
3 1 1
4 0 0
5 1 1
6 0 1
1285 1 1
1286 0 0
1287 1 1
1288 1 0
1289 0 0

Pé biéu dién két qua ngan gon va tuong minh, trong nghién ctu st dung do do F dé
hién thi trén chuong trinh twong (ng véi cac thuat toan trén mdi bo dir liéu. Ta hién thi
két qua theo 2 hudng: sir dung thuat toan trich xuat thudc tinh/dic trung n-gram va thuat

toan trich xut thudc tinh/dic trung MLD.

Sau budc trich xuét thudc tinh/dac trung, ta lya chon thudc tinh véi sb thudc tinh lya

chon nho hon s6 thudc tinh ban dau. Trong nghién clru nay, ta thuc hién lya chon thugc
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tinh véi s6 thudc tinh rat gon 1a 100 thude tinh va so sanh két qua phan 16p dic trung
cua tap dit liéu ban dau va tap dit liéu da rat gon thudc tinh.

Str dung thuat toan trich xuét thudc tinh/dic trung MLD, sau d6 ta nghién ciru két
qua theo 2 huéng: Hudng thir nhat, dung nguyén tap thudc tinh ban dau lam dau vao
cho cac thuat toan phan 16p, va huéng th hai, ding phuong phap MRMD giam bét s6
chiéu thudc tinh tir 1134 thudc tinh xubng con 100 thudc tinh.

Trong bang biéu dién két qua ta xép thanh tirng cap theo luat: thuat toan phéan 16p
don 1¢ A - thuat toan phan 16p tdng hop c6 co s& 1a thuat toan phan 16p don 1é A twong
tng. Cu thé 1a cac cap: Decision Stump - AdaBoostM1, REPTree — Bagging,
RandomTree — RandomForest.

Ta c6 két qua thuc nghiém do dugc véi phuong phap trich xuét thudce tinh/dic trung
MLD, giir nguyén tap 1134 thudc tinh sau trich xuét lam tap dau vao phan 16p nhu sau:

Bang 4-2: Két qua thwc nghiém phwong phap trich xuit thude tinh MLD, khéong giam chiéu sé

thugc tinh

bodoF Decision | AdaBoost | REPTree | Bagging | Random | Random

(%) Stump Tree Forest
S1 69,72 71,09 82,66 87,33 79,85 87,88
S2 70,04 71,30 79,65 87,55 79,48 86,39
S3 66,06 67,92 78,96 84,3 76,06 83,80
S4 65,27 67,59 79,47 85,54 78,31 84,57
S5 69,88 73,36 78,75 85 75,92 84,60
S6 68,03 68,45 76,74 86,25 78,50 85,76
S7 67,41 75,17 81,05 87,62 78,54 85,43
S8 67,28 67,21 77,26 85,58 77,91 84,09
S9 64,01 70,46 82,15 87,42 76,65 85,56
S10 69,90 74,55 79,60 86,33 76,92 85,82
Trung binh 67,76 70,71 79,63 86,29 77,81 85,39

Trong do, S1, S2, S3, S4, S5, S6, S7, S8, S9, S10 1a céc bo dir licu kiém dinh st dung
trong thuc nghiém. K¢t qua duoc bicu dien bang gia tri 6 do F (%).
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Bing 4-3: Thoi gian thuc hién phuwong phap trich xuét thude tinh MLD, khéng giam chiéu sb

thudc tinh

(" Hién thi két qua

Reset data

Thoi gian | Decision | AdaBoost | REPTree | Bagging | Random | Random
(s) Stump Tree Forest
MLD —118;21;22; | 107;129; | 37:;38:40; | 225;222; |9:9;10;9; |16;16:17;
khong giam | 21;17;18; | 140;95; 33;34;32; | 235;230; |9;9;9;9; | 16;15;15;
chiéu thuoc | 18;17;17; | 94;101; 32:34:35; | 224;220; | 9;9 15;15;16;
tinh 17 97:98; 34 220;224; 15
102;105 226;230

18,6 106,8 34,9 225,6 9,1 15,6

(" Biéu db

gsc

Deecision Stump AdaBoostMl REP're;huat tc’é:agging RandomTree Randorn Farest

—— Két qua du doan thuat todn Random Forest
TPR=85 FPR=14 Precision = 85.758039581623277 Recall = 85.88957055214725
F_mesure = 85.82375478927203

Théri gian thurc hién: 155

-

-

Decision Stu... | AdaBoostM1 | REPTree | Bagging | RandomTree | Random Forest |
59,72 71,09 82,66 87,33 79,85 87,88 [a
70,04 713 79,65 87 55 79,48 86,39
66,06 67,92 78,96 843 76,06 838
6527 67,59 79,47 85,54 78,31 84,57 [,
sn nn b W 1 =~ 0 = o { = al oA S

Hinh 4-6: Biéu d6 két qua thuc nghiém phwong phap trich xuat thudc tinh MLD, khong giam
chiéu sb thuc tinh

Sau khi trich xuét thudc tinh/dic trung MLD, giam chiéu thudc tinh xubng con 100
thudc tinh, ta c6 két qua thuc nghiém do duoc nhu sau:
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Bang 4-4: Két qua thuc nghiém phwong phap trich xuit thudc tinh MLD, giam chiéu con 100

thugc tinh

bodo F Decision | AdaBoost | REPTree | Bagging | Random | Random

(%) Stump Tree Forest
S1 68,81 69,82 76,96 82,91 76,41 81,52
S2 67,39 70,06 75,88 82,10 74,74 82,52
S3 67,47 67,71 73,09 82,80 73,12 81,85
S4 67,09 70,17 75,38 84,15 73,57 82,07
S5 68,35 69,63 75,93 80,51 74,49 80,51
S6 67,90 68,84 73,88 81,72 72,66 80,28
S7 69,69 72,42 76,59 82,94 76,17 82,81
S8 67,13 67,80 74,68 81,80 76,39 81,66
S9 66,42 66,67 72,86 82,64 75,04 81,46
S10 68,46 71,45 73,92 82,80 73,36 81,07
Trung binh 67,87 69,46 74,92 82,44 74,60 81,58

Trong do, S1, S2, S3, S4, S5, S6, S7, S8, 89, S10 1a cac b dir licu kiém dinh str dung
cho thyc nghiém. Két qua biéu dien bang gia tri 4§ do F (%).

Bing 4-5: Thoi gian thwc hién phuwong phap trich xuit thude tinh MLD, giam chiéu con 100
thugc tinh

Thoi gian | Decision | AdaBoost | REPTree | Bagging | Random | Random
(s) Stump Tree Forest

MLD —-100 | 3;4;4;3;2; | 6;9;8;8:6; | 3;2;2;2;2; | 18;18;17; | L,1;1;1;1; | 4;4,4,4:4,
thuoc tinh | 2;1;1;1;1 | 8;7;10;6; | 2;2;2;2;2 |17;18;17; | 1;1;1;1;1 | 4;4,4;,4;4
7 18;17;19;
18

2,2 7,5 2,1 17,7 1 4




41

" Biéu @6 N
a0
80
70
60
g 50
(=]
]
o 40
=]
30
20
10
0
Decizion Stump AdaBoosthil REFTres Bagging RandomTree Randorn Forest
Thuat todn
" Hién thi két qua )
' Reset data |
—— K&t qua du dodn thudt todn Random Forest “
TPR=83 FPR=20 Precision = 79.0199081163859  Recall = 83.22580645161291
F_mesure = 81.06834249803613 Thiri gian thuc hign: 45 i
Decision Stu... | AdaBoosth1 REFTres Baagging RandomTree Random Forest
68,81 69,82 76,96 8291 7641 81,52 &
67,39 70,06 75,88 az21 7474 8252
67 47 67,71 73,09 az8 7312 81,85
67,04 7017 75,38 8415 73,57 82,07 -

Hinh 4-7: Biéu d6 két qua thuc nghiém phwong phap trich xuét thude tinh MLD, giam chiéu con
100 thudc tinh
Str dung phuong phép trich xuat thudc tinh/dic trung n-gram cho bo vector 8420
thudc tinh. Néu dem truc tiép bo vector nay lam tap dit liéu dau vao cho cac thuit toan
phan 16p, ta c6 két qua nhu sau:
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Béang 4-6: Két qua thwc nghiém phwong phap trich xuit thudc tinh n-gram, khong giam chiéu

thugc tinh

bodo F Decision | AdaBoost | REPTree | Bagging | Random | Random

(%) Stump Tree Forest
S1 67,45 73,83 77,59 85,60 78,41 84,77
S2 70,27 76,99 77,20 85,55 77,82 85,60
S3 68,82 76,12 78,10 86,01 77,53 85,82
S4 70,22 76,29 76,84 86,25 81,50 85,67
S5 69,65 76,22 78,25 85,37 78,15 84,69
S6 71,40 76,30 79,35 86,55 79,53 86,19
S7 67,55 74,61 78,95 86,06 79,11 86,09
S8 69,02 73,27 79,27 85,74 79,45 84,68
S9 68,98 76,01 81,10 87,54 78 85,35
S10 68,41 73,12 79,21 85,56 77,46 84,71
Trung binh 69,18 75,28 78,59 86,02 78,70 85,36

Trong do, S1, S2, S3, S4, S5, S6, S7, S8, 59, S10 1a cac bo dir licu kiém dinh st dung
cho thuc nghiém. Két qua duoc biéu dien bang gia tri do do F (%).

Bing 4-7: Thoi gian thwc hién phuwong phap trich xuit thude tinh n-gram, khéng giam chiéu

thudc tinh

Thoi Decision | AdaBoost | REPTree Bagging | Random | Random
gian (s) Stump Tree Forest
n-gram — | 111;114; | 973;981; | 1165;1162; | 7572;7560; | 20;26;26; | 46;77;44,;
khong 105;109; | 962;971; |1167;1167; | 7580;7582; | 18;18;18; | 44;43;43;
giam 107;109; | 968;980; |1161;1165; | 7570;7578; | 18;19;20; | 45;43;46;
chiéu 110;110; |982;979; |1171;1168; | 7582;7573; | 25 43
thuéc 101;108 | 975;982 | 1175;1180 | 7585;7594
tinh

108,4 975,3 1168,1 7577,6 20,8 47,4
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" Biéu dd )
a0
&0
70
60
g 50
(=]
b=
o 40
b=
10
20
10
0
Decizion Stump AdaBoosthil REFTres Bagging RandomTree Randorn Forest
Thuat todn
" Hién thi két qua )
' Reset data '
—— K&t qua du dodn thudt todn Random Forest “
TPR=E7 FPR=17 Precision = 81.72043010752688 Recall = 87.93388429752066
F_mesure = 84.71337579617835 Thivi gian thurc hign: 435 o
Decision Stu... | AdaBoosth1 REFTres Baagging RandomTree Random Forest
67 45 7383 7759 856 78,41 8477 | &
¥027 76,99 T2 85,55 7782 85 6
68,82 7612 T8 86,01 T7.53 8582
7022 76,29 76,84 86,25 815 85,67 =

Hinh 4-8: Biéu d6 két qua thuc nghiém phuong phap trich xuét thudce tinh n-gram, khéng giam
chieu so thugce tinh
Néu dem bo vector thudc tinh ban dau sau khi trich xuét thugc tinh bang phuong
phap n-gram giam chiéu con 100 thudc tinh v6i phuong phap MRMD, sau d6 dem tap
vector thudc tinh da rat gon lam déu vao cho cac thuat toan phan 16p. Ta thu duoc két
qua thuc nghiém nhu sau:
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Bang 4-8: Két qua thwc nghiém phwong phap trich xuit thudc tinh n-gram, giam chiéu con 100

thugc tinh

bodo F Decision | AdaBoost | REPTree | Bagging | Random | Random

(%) Stump Tree Forest
S1 67,45 73,89 75,14 80,52 77,07 81,54
S2 70,27 76,01 80,03 81,99 78,03 82,54
S3 68,92 76,15 75,52 80,91 74,56 82,37
S4 70,12 76,26 78,86 81,74 78,54 82,58
S5 69,62 76,20 77,06 82,33 77,09 82,74
S6 71,39 76,18 79,72 82,76 77,15 83,04
S7 67,50 74,57 78,97 81,27 77,69 82,89
S8 69,07 73,57 79,64 82,79 77,69 82,10
S9 68,97 75,73 77,96 80,72 77,38 81,86
S10 68,39 72,74 77,05 80,35 76,08 81,41
Trung binh 69,17 75,13 78,00 81,54 77,13 82,31

Trong do, S1, S2, S3, S4, S5, S6, S7, S8, 59, S10 1a cac bo dir licu kiém dinh st dung
cho thuc nghiém. Két qua duoc biéu dien bang gia tri do do F (%).

Bing 4-9: Thoi gian thwc hién phwong phap trich xuit thude tinh n-gram, giam chiéu con 100
thudc tinh

Thoi gian | Decision | AdaBoost | REPTree | Bagging | Random | Random
(s) Stump Tree Forest

n-gram —| 1;1;1;0,5; | 6;6;6;6;6; | 2;1;1;2;1; | 14;14;15; | 0,5;0,5; 3:3:3:3;
100 thudc | 0,5;0,5; 5:5:6:6:6 |2:2:1:2:2 | 17;14:15; | 0,5:0,5; 3:3:3:3;

tinh 0,5:0,5; 15;15;16; | 0,5;0,5; 3:3
0,5:0,5 16 0,5:0,5;
0,5:0,5

0,65 5,8 1,6 15,1 0,5 3
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~ Biéu d6 -
a0
&0
70
60
g 50
(=]
b=
o 40
b=
10
20
10
0
Decizion Stump AdaBoosthil REFTres Bagging RandomTree Randorn Forest
Thuat toan
L=
" Hién thi két qua )
Reset data
—— K&t qua du dodn thudt todn Random Forest “
TPR=E7 FPR=21 Precision = 76.24408602150538 Recall = 87.19293245614036
F_mesure = 31.40368140868142 Thixi gian thuc hién: 3s e
Decision Stu... | AdaBoosth1 REFTres Baagging RandomTree Random Forest
69,62 76,2 77,06 8233 77,09 8274 |4
71,29 76,18 7972 8276 T715 83,04
67,5 7457 78,97 8127 77,69 82,89
69,07 7357 79 64 8279 77,69 821 =

Hinh 4-9: Biéu d6 két qua thuc nghiém phwong phap trich xuit thudc tinh n-gram, giam chiéu
con 100 thugc tinh
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Tong két, ta co bang rat gon két qua thuc nghiém trong nghién ctru cho cac phuong
phap trich xuat thudc tinh/dic trung, cac phuong phap phan 16p nhu sau:

Bang 4-10: Bang két qua tong hep cac phwong phap phén 16p

Phuong Don | Decision | Ada REP | Bagging | Random | Random
phap Vi Stump | Boost | Tree Tree Forest
MLD — | Bo do 67,76 | 70,71| 79,63 86,29 77,81 85,39
khong giam | F (%)
chiéu thuoc | Thoi 18,6 | 106,8 34,9 225,6 9,1 15,6
tinh (1134 | gian
thude tinh) | ()
MLD - giam | Bo do 68,17 | 69,46 | 74,92 82,44 74,60 81,58
chiéu  con | F (%)
100  thuoc | Thoi 2,2 7,5 2,1 17,7 1 4
tinh gian
(s)
n-gram  —| Do do 69,18 | 75,28 | 78,59 86,02 78,70 85,36
khong giam | F (%)
chiéu thudc | Thei 108,4 | 9753 | 1168,1| 7577,6 20,8 47,4
tinh (8420 | gian
thudc tinh) | (s)
n-gram  —| Do do 69,18 | 75,13 | 78,00 81,54 77,13 82,31
giam chiéu | F (%)
con 100 | Thoi 0,65 58 1,6 15,1 0,5 3
thudc tinh gian
(s)
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4.3 NHAN XET

V& tong quan ta nhan thiy cac mé hinh phan 16p don 1é c6 d6 chinh xac trong kiém dinh
thip hon nhiéu so véi cac md hinh phan 16p téng hop tuong (tng ma st dung md hinh
phan 16p don 1é d6 1am co s&. Cu thé, hiéu qua du doan ctia mé hinh thuat toan Decision
Stump thap hon mé hinh thuét toan AdaBoostM1 trung binh khoang 4% (theo do do F),
hiéu qua du doan mé hinh thuat toan REPTree thap hon mé hinh thuat toan Bagging
trung binh khoang 7% (theo d6 do F), va hiéu qua du doan mo hinh thuét toan Random
Tree thap hon mé hinh thuét toan Random Forest trung binh khoang 7% (theo do do F).
Nhung xét vé chi phi cho bai toan, cac phwong phap phan 16p don 1é ¢ chi phi thap hon
kha nhiéu so véi cac phuong phap phan 16p tong hop twong tng. Cu thé, chi phi cho
thuat toan phan 16p Decision Stump xap xi trong khoang [20;30] (%) chi phi cho thuat
toan phan 16p AdaBoostM1, chi phi cho thuat toan phan 16p REPTree xap xi trong
khoang [12;15] (%) chi phi cho thuét toan phan 16p Bagging, chi phi cho thudt toan phan
l6p Random Tree xap xi trong khoang [25;50] (%) chi phi cho thuat toan phan 16p
Random Forest.

Tiép theo, nhan xét vé hiéu qua du doan phan 16p khi st dung phuong phap lwa chon
thudc tinh/dic trung MRMD dé giam chiéu dit liéu. Ta thiy cac thuat toan phan 16p sir
dung dau vao 1a tap vector thudc tinh rat gon cé chi phi giam dang ké so véi sir dung
dau vao gitr nguyén 1a tap vector thudc tinh ban dau, mic chi phi giam trong khoang tir
[10;25](%). Nhung hiéu qua dy doan giam xudng, dao dong trong khoang [1;4](%) (theo
d6 do F). Mic hiéu qua dir doan bi giam trén co6 thé chap nhan dwoc so véi chi phi chay
chuong trinh tiét kiém dugc.

So sanh giita hai phuong phép trich xuét thugc tinh/dic trung 1a n-gram va MLD. Ta
thiy hiéu qua du doan va chi phi bo ra nhu sau: Hiéu qua cho 2 phuong phap trich xut
thudc tinh/déc trung 1a twong duong nhau, chi phi bé ra chay thuat toan véi truong hop
giam chiéu thudc tinh thi phuong phap n-gram tét hon phwong phap MLD, véi trudng
hop khong giam chiéu thudc tinh thi phuong phap n-gram khong phu hop vi thoi gian
Xt ly thuat toan qua lau, dac biét ap dung vai thuat toan phan 16p Bagging. Nhung chi
phi d@é thuc hién giam chiéu thudc tinh cho 2 phuong phap n-gram va MLD thi phuong
phap MLD c6 chi phi thap hon nhiéu 1an so véi phuong phap n-gram ca vé thoi gian va

c4u hinh may tinh yéu cau. Vi vay néu xét tinh hiéu qua ta s& chon MLD thay vi n-gram.
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So sanh gitta cac cap thudt toan vai nhau, cu thé cip Decision Stump — AdaBoostM1,
REPTree — Bagging, va ciap Random Tree — Random Forest. Ta thiy cip Decision Stump
— AdaBoostM1 ¢6 hiéu qua dy doan thap hon 2 cip con lai. Hai cip REPTree — Bagging
va Random Tree — Random Forest c6 hiéu qua du doan twong duong nhau, nhung xét
chi phi cho thuat toan thi cap Random Tree — Random Forest c6 chi phi bo ra thip hon
nhiéu 1an so véi cap REPTree — Bagging.

Tir nhitng nhan xét trén, ta rat ra két qua cudi cung: Phuong phéap hiéu qua nhét trong
nghién cru nay cho dy doan bai toan “Dy doan tuong tac protein — protein st dung
phuong phéap khai pha dir li¢u” 1a phuong phap phan 16p Random Forest, c6 su dung
phuong phap trich xuat thudc tinh/dic trung MLD va phuong phap lua chon thudc
tinh/dac trung MRMD dé giam chiéu thudc tinh.

4.4 KET LUAN
Luan van da dat duoc hai két qua quan trong trong qua trinh xay dung chwong trinh dy
doan tuong tac protein - protein stir dung k¥ thuat khai pha dir liéu.
V& nghién ctru tim hiéu:
- Nghién ctru cac khai niém sinh hoc lién quan protein, cdu tric protein
- Nghién ctru cac khai niém khai pha dir liéu nén tang lién quan dén ky thuat phan
I6p dix ligu

- Tim hiéu tong quan vé mot sb thuat toan phan 16p co ban

- Tim hiéu vé phuong phap phan 16p tong hop (ensemble) va mot s6 phuong phap

két hop cac bo phan 16p co ban

- Tim hiéu cac khai niém vé danh gia mé hinh phan 16p
Vé thuc nghiém:

- Xay dung duoc chuong trinh dy doan twong tac protein - protein bing phuwong

phap phan 16p tong hop

- Xay dyng duoc ham danh gia va so sanh két qua thuc nghiém gitta phwong phap

phan 16p tong hop va phan 16p don 1é

- Tién hanh thir nghiém trén nhiéu tap dir liéu ngau nhién khac nhau dé dam bao

tinh chinh xac khach quan

- Xay dung giao dién truc quan, dé dang str dung cho nguoi dung

Luén vin da gi6i thiéu phuong phap ap dung mé hinh phan 16p tong hop vao nghién

ctu dy doan tuong tac protein - protein. Ciing nhu chimg minh dwoc vé mat 1y thuyét



49

va thuc nghiém ring phuong phap 4p dung mé hinh phan 16p téng hop nay wu viét hon
giai thuat mo hinh phan 16p don 1¢, c6 d6 chinh x4c cao hon va do 6n dinh tét hon.

S0 Véi cac cong trinh nghién ctru d cong bb, dong gop cua luan van nay cé thém sy
so sanh giita cac budc xay duyng mé hinh du doan phéan 16p, dé tim ra phuong phép du
doan hiéu qua nhat. Va chimg minh dwoc rang hau hét cac két qua thu duoc tir mo hinh
phan loai tong hop 1a hiéu qua hon dy doan biang mé hinh phan loai don 1&. Tir d6 c6
thém cin c&t nghién ctru sdu hon vé mo hinh phan loai tong hop 4p dung vao bai toan
“Du doan tuong tac protein — protein”.

4.5 HUONG NGHIEN CUU TRONG TUONG LAI

Trong luan van toi chua di siu vao tim hiéu duoc cach két hop céac thuét toan con trong
thuat toan phan 16p tong hop. V& ngon ngit 1ap trinh van dé toi uu thoi gian va hiéu suat
xtr 1y ngudn dix liéu 16n con han ché, tir 6 lam giam do chinh xac cua két qua thyuc
nghiém. Vi vay, trong twong lai, t6i mong mudn duoc tim hiéu va ap dung sau hon cc
cach két hop giai thuat don 1é vao md hinh phan 16p tong hop va thyc hién téi uu vé mat
ngodn ngit 1ap trinh dam bao xu 1y dit liéu 16n mot cach nhanh chong ca vé thoi gian va

hiéu suat xir 1y.
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