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CHUONG 1 : MO PAU

1.1 LY DO CHOQN DE TAI

Protein 14 thanh phan quan trong trong té bao va co thé séng. Tuong tac
protein — protein 14 cach dé protein thé hién duoc chic nang sinh hoc. Vi
vay hiéu vé cac twong tac protein — protein (PPI) s& gitip ta biét hon vé cac
chirc nang protein, va tim dugc vai tro clia cac protein mai.

Vao thoi diém bat dau nghién ciru tuong tic protein — protein, cac nha
khoa hoc sir dung phwong phap hoa sinh. Tuy nhién phuong phap nay ton
chi phi, nhiéu khi kho thyc hién. Vi vay yéu cau dit ra 1a du doan PPI bang
khai pha dit liéu nhu 1a sy bd sung cho cac phuong phap thuc nghiém. Do
cling 1a 1y do t6i quyét dinh chon dé tai “Dw dodn twong tac protein —
protein sit dung k¥ thuét khai pha dir li¢u”.

1.2 MUC TIEU BE TAI

Trong khuon khé luan van, t6i trinh bay mot phuong phap tinh toan cho du
doan tuong tac PPI theo hudng ap dung thuat toan phan loai tong hop, hay
1a sy két hop mo hinh cac b phén loai don 1¢ yéu hon thanh mot mé hinh
manh, nham dat dwoc hiéu qua phéan loai tdi wu. Két qua d6 ciing 1a muc
tiéu dé tai huong téi.

Pé dat dwoc muc tidu, cac cong viée toi thuc hién trong luan van nay
1a: Nghién ctru co sd 1y thuyét khai niém vé protein, ciu tric protein phuc
vu cho viéc trich xut thugc tinh; Nghién ciru co so 1y thuyét vé cac ky
thuat khai pha dir ligu (n6i chung) va ky thuat phan 16p dit li¢u (ndi riéng),
lam co s& cho xay dung chuong trinh thuc nghiém.
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CHUONG 2 : COSOLY THUYET
Chuong 2 trinh bay co s& 1y thuyét, bao gom cac thong tin gii thigu vé
cac khai niém trong sinh hoc lién quan dén protein, ciu trac protein; Cac
khai niém khai pha dir liéu nén tang lién quan dén k¥ thuat phan 16p dir
liéu, nham cang cb kién thirc va tao tién dé ap dung giai quyét bai toan “Dy
doan tuong tac protein — protein su dung ky thuat khai pha di liéu”.

2.1 CAC KHAI NIEM LIEN QUAN PEN PROTEIN

Protein 14 dai phan tir, phiic tap va c6 vai trd quan trong trong té bao (n6i
riéng) va co thé séng (n6i chung). Chiing duoc tao thanh tir hang trim hoic
hang ngan cac don vi hhé hon dugc goi 1a cac amino acid. Protein dugc tao
ra boi su lién két cua hai hodc nhiéu polypeptide, 1 chudi dugc ghép tir cac
amino acid lién két v6i nhau, duoc xép thanh mot ciu trac dic biét cho mai
mot protein cu thé [1].

Hinh 2-1: Minh hoa céu tric 3D mét protein [2]

2.1.1 Céu tric Protein

Protein dugc hinh thanh do cac amino acid lién két lai vi nhau boi cac lién
két peptide tao ra chudi polypeptide. Amino acid duoc ciu tao bai 3 thanh
phan : nhém amin (—NH,), nhom caboxyl (—COOH) va cudi cung la
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nguyén tir cacbon trung tdm dinh véi 1 nguyén tir hydro va nhém bién doi
R quyét dinh tinh chét caa amino acid.

Céc loai cdu triic protein gom c6: Cau trac so cap, cu trac bac hai, cu tric
bac ba, cau trac bac bdn [3]. Cu thé: cau trac so cap 1a cdu triic mé ta thir ty
cac amino acid lién két véi nhau, cau triic bac 2 1a cau tric dé cap dén viéc
x0in hoic gip mot chudi polypeptide cho protein hinh dang 3D, cau triic
bac ba la cau trac dé cap dén cau tric 3-D toan dién cua chudi polypeptide
ciia mot protein va cdu triic bac bén dé& cap dén cau tric cua mot phan tir
protein duoc hinh thanh béi cac tuong tac giita nhiéu chudi polypeptide.

2.1.2 Chirc nang cia Protein
Protein dam nhiém cac chtic ning lién quan dén toan bo hoat dong song
cua té bao, quy dinh céc tinh trang va céc tinh chét cua co thé Séng. Cuthé:

Bang 2.1: Bang chirc nang cac loai protein co ban [4]

Loai Protein Chuc nang

Protein cu traic | Cau tric, nang d&

Protein Enzyme Xuc tac sinh hoc : chon loc cac phan ung sinh hoc

Protein Hormone | Piéu hoa cac hoat dong sinh 1y

Protein van Van chuyén cac chat
chuyén

Protein van dong | Tham gia chirc ning van dong cua té bao, co thé

Protein thu quan | Cam nhan, dap ung cac kich thich ciia moi truong

Protein du trix Du trir chit dinh dudng

2.1.3 Pinh nghia quan h¢ twong tac protein — protein (PPI)

Tuong tac protein — protein la qua trinh tac dong qua lai gitta cac protein
v6i nhau trong té bao. Cac loai twong tic protein — protein bao gom:
Tuong tac 6n dinh, tuong tac tam thoi, trong tic manh, twong tac yéu.



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

2.1.4 Tam quan trong ciia twong tac protein — protein

Sy tuwong tic cta protein — protein 1a nén tang co ban cia cic chic ning
cua té bao va khi qua trinh twong tac nay bi ton hai s& gay anh huong truc
tiép dén co thé song [6].

2.2 KHAI NIEM CO BAN VE KHAI PHA DU LIEU

2.2.1 Pinh nghia vé khai pha dir li¢u

Khai pha dir liéu 1a mét linh vuc da nganh, dua trén két qua tur tri thong
minh nhan tao va cac linh vuc khac. N6 cho phép chuong trinh “hoc tap”
va ty dong cai thién nang luc tir kinh nghiém tich liy [7]. Theo cach su
dung dugc chia lam 2 loai chinh: Thuat toan hoc may — c6 giam sat (phan
I6p), va thudt toan hoc may — khong giam sat (phan cum).

2.2.2 Pinh nghia vé hoc c6 giam sat

Thuat toan hoc c6 giam sat 1y mot tap dit lidu diu vao da biét két qua dau
ra, va xay dgng mot mo hinh dé tao ra cac du doan hop 1y cho két qua cua
mot dix liéu maoi.

2.2.3 Khai niém vé thuat toan phan loai trong hoc c¢é giam sat

Phan 16p (loai) 1a cach thic xir Iy Xép cac mau dit lidu vao mot 1p da dinh
nghia trude. Cac mau dit liéu duoc xép vé cac 16p dua vao gia tri cia cac
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thugc tinh cia mau dir lidu d6. Cac thuét toan phan loai tiéu biéu gom cé:
Cay quyét dinh, mang Bayes, SVM, ...

2.2.4 Bai toan phan 16p
Mot bai toan phan 16p bao gém 3 budc sau: Chuan bi dit lidu, xay dung mo
hinh tir tap dit lidu huan luyén, kiém tra va danh gia két qua.

2.2.5 Téng quan vé mjt sb thuit toan phan 16p co ban

a, Mang Bayes

Phuong phéap phan 16p dua vao thong ké theo dinh 1y ciia Bayes. Hiéu qua
trong nhiéu tng dung lién quan, bao gdm phan 16p vin ban, chan doan y té
va quan Iy hiéu nang hé thdng [8].

b, Cdy quyét dinh

Cay quyét dinh (Decision Tree) la cdy phan cép co ciu trac dung phan 16p
cac doi tuwong dua vao day cac luat. Co s¢ toan hoc cua cay quyét dinh la
thuat toan tham lam. Ung dung trong nhiéu linh vuc nhu tai chinh, tiép thi,
ky thuat va y hoc [9].

C, Support Vector Machine (SVM)

SVM la mét thuat toan phan loai nhi phan, SVM nhan dir liéu vao va phan
loai chiing vao hai 16p khac nhau.

2.2.6 Két hop cac b phén loai
Phuong phap phan loai téng hop (ensemble) 1a mé hinh téng hop tir nhiéu
mod hinh con yéu (weaker model) dugc huin luyén doc lap. Két qua du
doan cubi cung dua trén viéc “bo phiéu” két qua cua timg mo hinh con cho
két qua dau ra.

Phuong phap phan loai tong hop thuong tao ra cac du doan chinh xac
hon so v6i cac phuong phap phan loai don 1é.

2.2.7 Mgt s6 phwong phap két hep cac b phan loai co ban

a, Phuong phap Bagging
Gidi thigu: M6 hinh Bagging dugc Breiman dé xuat nim 1996 nham lam
giam 13i variance nhung khong lam ting 13i bias qua nhiéu.
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M5 hinh hoat dong: Tao ra cac bo phan loai tir cac tap mau con ngau
nhién, chap nhan 13p tir tip mau dit liéu ban dau, va mot thuat toan hoc may
tuong tng. Cac bd phan loai s& dugc két hop bang phuong phép bicu quyét
theo sé dong.

b, Phuwong phdp Boosting
Gigi thiéu: Phuong phap Boosting duoc giGi thigu lan dau boi Freund &
Schapire (1997), k¥ thuat nay phii hop cho van dé phan loai 2 16p.

Mo hinh hoat dong: La thuat todn hoc quan thé bang cach xay dung
nhiéu thuat toan hoc cung luc va két hop chung lai. Y tudng chinh cua giai
thuat 1a 1ap lai qua trinh hoc ciia mot bo phéan 16p yéu nhiéu lan va sau mdi
lan gan trong s6 wu tién cho mau du doan sai.

C, Phuong phap Random Forest
Gidi thiéu: Random Forest dugc dé& xuit boi Breiman (2001). N6 cho d6
chinh x4c cao va do chiu nhidu tét.

2.2.8 Panh gia mo hinh phan lép

a, Khai niém

Mo hinh phén 16p can duoc danh gia dé xem c6 hiéu qua khong va dé so
sanh kha nang ctia cac mé hinh. Hiéu nang cia mot mo hinh thuong dugc
danh gia dya trén tap dir liéu kiém dinh (test data).

b, Do do Accuracy (dé chinh xdc)
Céach danh gia nay tinh ti 1& gitra s6 diém duoc du doan ding va tdng sb
diém trong tap dit liéu kiém dinh.

¢, Confusion matrix (ma tran nham ldn)

Panh gia dugc cac gia tri : duong tinh dung, duong tinh sai, am tinh dung,
am tinh sai, quy udc ky hi¢u : TP, FP, TN, FN. Goi accucary la d¢ chinh
xac cua mo hinh sé dugc tinh nhu sau:

TP+TN
TP+TN+FP+FN

accuracy = (2.1)
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d, Precision & recall (@6 chinh xac & d¢ bao phu)

Precision di vai 16p ¢;:

. . TP
Precision =
TP+FP
Recall doi véi 16p c;:
TP
Recall =
TP+FN

e, Dodo F

2.2)

(2.3)

Tiéu chi danh gi4 1a sy két hop cua 2 tiéu chi danh gia Precision va Recall

theo cong thuc:

2XPrecisionXRecall

Precision+Recall

(2.4)
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CHUONG 3 DU POAN TUONG TAC PROTEIN - PROTEIN

Nhu di dé cap ¢ gigi thieu mo dau, viéc nghién ctu dy doan tuong tac
protein — protein trong tin sinh hoc c6 y nghia dac biét quan trong trong
viéc tim hiéu chtic nang cta protein méi, va anh huong cia cac hoat dong
tuong tac nay t6i té bao trong co thé séng. Noi dung ciia bai toan trong
nghién ciru nay 1a: dau vao 1a tap cac dir lieu quan hé tuong tac giira cac
cap protein — protein da duoc gan nhén theo 2 16p (duwong tinh — ¢ twong
tac, am tinh — khong tuwong tac), qua thudt toan phan loai tong hop xdy
dung mot mé hinh dé kiém chang két qua kiém dinh va tinh toan d6 chinh
xac cua mo hinh thuat toan.

3.1 MO HINH DU POAN TUONG TAC PROTEIN — PROTEIN

Dé giai quyét bai toan du doan twong tac protein — protein, nhiéu phuong
phap tin sinh hoc da dugc dé xuat, nhu: Str dung thong tin ciu tric 3D cia
protein va tao ra thuat toan PrePPI dé du doan PPI & ngudi va nim men
[Zhang & céng sw,2012][10]. Phuong phap mé rong mdi polymerase: thu
thap cac chudi polypeptide ngan lién tuc xay ra giita cac cip tuong tac
protein da biét [Pitre & céng sw,2006][11]. Str dung hé thdng hoc may k-
nearest neighbors dua trén thanh phan amino acid gia va Iya chon thudc
tinh [Liu & céng sw,2009][12]. Trich xuat thudc tinh genomic/proteomic va
lya chon dic trung du doan PPI bing cach sir dung thuat toan VSM
[Urquiza & cgng si,2011][13]. Sir dung cong cu tim kiém cho viéc truy
Xut dir liéu co so dit lidu twong tac gen dé du doan cac PPI trén co s hop
nhat va hinh thanh gen [Szklarczyk & céng si,2011][14].

Céc phuong phap dé xuat khac nhau trong thuat toan trich xuét dic
trung va xdy dung mé hinh. Ddi véi trich xudt thudc tinh, nhiéu phuong
phap khai thac thong tin dd duoc dé xut. Vi du: Phuong phap trich xudt
thugc tinh 188-D dura vao tinh chat hoa Iy va sy phan b cac amino acid cua
protein [Cai & cdng sw][15], phuong phap trich xuét thudc tinh 20-D tur



11

chudi protein trén co s& cta Vi tri protein — ma tran diém riéng biét [Zou &
céng su][16], phuong phap n-gram, cac cong cu trich xuat dic trung dic
biét nhur Pse-in-One, RepDNA, RepRNA....

Vé xiy dung mé hinh, cac phuong phap dé xuat co hai huéng xay dung
mo hinh phan 16p: M6 hinh phan loai don 1¢, mé hinh phan loai tong hop
(ensemble). Uu diém ctua mo hinh nay so v6i cic mé hinh phan loai truyén
thong 1a c¢6 hiéu suat du doan t6t hon, va 15i du doan thap hon, nhung
nhuoc diém 1a chi phi xay dung phai bo ra cao hon.

Trong luan van nay, to6i nghién ctru va xay dung mot phuong phap tinh
toan dy doan tuong tac protein — protein dya trén phuong phap Bagging
cua Breiman va cong sy nam 1996, phuong phap AdaBoost ctia Freund va
cong sy nam 1997 va phuong phap Random Forest ctia Breiman va cong su
nam 2001. Phuong phap dé xuit gom 3 diém chinh: Xay dung sé liéu, khai
thac thudc tinh, phan loai.

- Xay dung s liéu: st dung b s6 lidu duong tinh, bo s6 liéu am tinh
da duoc kiém chimg xac thuc qua cac thuc nghiém sinh hoc.

- Khai thac thugc tinh: sir dung 2 phuong phap la n-gram, va MLD
dé xay dung bo thudc tinh cin ctr vao tan sut cua cac amino acid
c6 mat trong protein. Sau d6 ap dung phuong phap lua chon thudc
tinh dé tao ra mot tap hop cac thude tinh dugc ti wu hoa.

- Phan loai: st dung mé hinh phan loai tong hop, cu thé 1a 3 bd phan
loai Bagging, AdaBoost va Random Forest vao tinh toan dy doan
tuong tac protein — protein va so sanh hiéu qua thu dugc véi cac bo
phéan loai don 1€ co sé tuong ung.

Sau thyuc nghiém, cac két qua cho thay hiéu qua tot cia mé hinh dugc xay
dung trong du doan PPL

3.2 XAY DUNG MO HINH THUC NGHIEM
3.2.1 Xay dung bd dir ligu

Du doan tuong tac PPI thudc bai toan phan loai nhi phan, vi vay chiing
ta can xay dung cac tap dit liéu duong tinh va am tinh. Trong luan van nay,
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tap dir liu dwong tinh dugc thu thap tir nguon dit liéu DIP (Database of
Interacting Protein) trén Internet, c6 dia chi trang web tai: http://dip.doe-
mbi.ucla.edu/dip/Main.cgi [17]. Tap d@ liéu am tinh ta c6 dugc tur tich lay
két qua cac thuc nghiém. Tén bo dir liéu 4m tinh 12 Negatome, duoc ldy vé
tur dia chi trang web http://mips.helmholtz-muenchen.de/proj/ppi/negatome/

[18].

Dé dam bao ty 18 dir liéu duong tinh can bang véi dit liéu am tinh theo
ty 16 1:1.

3.2.2 Trich xuét thude tinh/dic trung
Trong nghién ctru nay t6i sir dung hai phuong phap dé so sanh su hiéu qua
la n-gram va MLD.

Phuong phap n-gram duoc tao ra tir thuat toan ngon ngir ty nhién [19].
Céc n-gram duoc st dung dé ma hoa protein xay dung bang cach tinh tan
s6 xuét hién cua n chudi amino acid theo 1-gram,2-gram,3-gram va nhan 3
thudc tinh. Két qua tao ra mot vector dic trung co 8420 chiéu.

Phuong phap MLD la phuong phap duoc dé xuat dé bién déi chudi
trinh tw amino acid trong protein thanh cac vector dic trung bang cach sir
dung mot luge d6 ma hoéa nhi phan. M&i mot chudi trinh tu protein c6
567 thudc tinh. Cap protein PPI (hoic PPNI) dugc két hop dé tao ra vector
dic trung cudi cing bang cach ghép 2 vector 567 chiéu cua mdi protein,
sinh ra mét vector 1134 chiéu dai dién cho cip protein d6 [20].

3.2.3 Lwua chon thugc tinh/dac trung

Lua chon céac thudc tinh c6 dd quan trong cao trong bo dix liéu thudc tinh
ban dau 1a can thiét. Trong luan vin nay, phwong phap MRMD duoc st
dung. Muc tiéu chinh ctia phuong phap 1a tim kiém thudc tinh co sy lién
quan cao giira tap hop thudc tinh va 16p dich, va tinh thira thap cua bo
thugc tinh. Hé s6 twong quan Pearson dwoc sir dung dé do luong su lién
quan. Ba loai ham khoang cach (ED, khoang cach cosine, va hé sb
Tanimoto) duoc sir dung dé tinh toan sy thira. Thudc tinh véi tdng 16n hon
cua su lién quan va khoang cach dugc chon lam bé thude tinh cudi cung.


http://dip.doe-mbi.ucla.edu/dip/Main.cgi%20%5b17
http://dip.doe-mbi.ucla.edu/dip/Main.cgi%20%5b17
http://mips.helmholtz-muenchen.de/proj/ppi/negatome/

13

Pay 1a bo dit liéu dung 1am déu vao cho viéc phén loai va danh gia két qua
phan loai. Ta chia tap thugc tinh dac trung nay theo phuong phap k-fold
cross validation, chia di liéu thanh 10 phan c6 kich thuéc biang nhau, lay
lan luot 1 phan dir liéu test va 9 phan dit liéu con lai lam thyc nghiém.

3.2.4 Phan loai dac trung

Trong nghién ctru nay, ta thuc nghiém xu ly phan loai theo hudng st dung
thuat toan phan loai tong hop v&i 3 bo phan loai 1a: AdaBoostM1,
Baggingva Random Forest dé 1am rd wu diém so voi cac thuat toan phan
loai don 1¢ sir dung ddi ching trong nghién ciru 1a Decision Stump,
REPTree va Random Tree.

Trong d6 bd phéan loai tong hop Bagging s dung thuit toan co ban la
REPTree, véi dir lidu huan luyén 1a n; mau huan luyén va n, mau kiém
dinh véi ti 18 ny;:n, = 9:1. Tir n; mau huan luyén ta tao ra k tap di liéu
huan luyén con, trong d6 cac mau huan luyén dugc chon ngau nhién va co
thé 13p. Tao twong tng cac md hinh voi mdi tap huan luyén trong k tap
huan luyén con cung thuat todan REPTree va két qua cudi cing thong qua
biéu quyét theo s lugng két qua cac mé hinh con.

Thir hai, bo phan loai tong hgp AdaBoostM1 trong nghién ctru nay st dung
thuat toan co ban 1a Decision Stump (cdy quyét dinh mot cap). Cach thuc
hién giai thuat AdaBoostM1 1a thuc hién xay dung lap lai cic mé hinh co
ban trén tap dir liéu huan luyén cé trong sb thay d6i sau mdi lan traning,
theo hudng: ¢ vong training trudc, mau dir liéu nao dy doan dung s& gan
trong sb thap di, mau dit liéu nao dy doan sai s& dugc gan trong sb cao hon,
muc dich 12 & vong training sau mau dit liu sai ndy s& cé vai trd quan trong
hon trong viéc phan loai. Két qua cudi cung tinh bang trung binh két qua
cac mod hinh con.

Thir ba, bo phan loai Random Forest trong nghién ctru nay st dung thuat
toan co ban 1a Random Tree. Cach thuc hién giai thuat la xay dung lap lai k
Random Tree. Sau d6 tir cac mo hinh 1ap lay ra cac két qua du doan tuong
g, bo phiéu chon ra phuong phap duoc binh chon nhiéu nhat 1am két qua
du doan cudi cung.
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CHUONG 4 KET QUA THUC NGHIEM VA KET LUAN
4.1 CHUONG TRINH CAI PAT

4.1.1 Yéu cau Ciu hinh

Chuong trinh thyc nghiém du doan tuong tac protein - protein st dung k¥
thuat khai pha dir liéu duoc lap trinh bang ngon ngir Java. Yéu cau can c6
dé chay dugc chuong trinh 1a:

- M trudng java t6i thiéu 1.6
- Phan cang:

o CPU Dual-coret, RAM 8G+ (cho truong hop chay lua
chon thudc tinh/dic trung sau trich xuat thudc tinh/dic
trung n-gram)

o CPU Dual-coret, RAM 4G+ (cho truong hop chay lua
chon thudc tinh/ddc trung sau trich xuat thudc tinh/dic
trung MLD)

- Client chay ing dung phai l1a may cai hé diéu hanh Windows.
4.1.2 Cai dat
a, Chudn bj diz ligu

Dir liéu duong tinh: Tai vé tir nguén DIP c6 dia chi tai: http:/dip.doe-
mbi.ucla.edu/dip/Main.cgi. Sé lugng cac cap PPI ldy ngau nhién 6445 cap.

Dit liéu am tinh: Tai vé tir ngudn c6 dia chi tai http:/mips.helmholtz-
muenchen.de/proj/ppi/negatome/. S6 lugng PPNI liy ngau nhién: 6445 cap.

Dit liéu c6 dang tép nén chira cac file duoi *.fasta, trong moéi file co dir liéu
tho chira thong tin vé cap protein.


http://dip.doe-mbi.ucla.edu/dip/Main.cgi
http://dip.doe-mbi.ucla.edu/dip/Main.cgi
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b, Trich xudt thudc tinh/déc trung

Trich xuat thuéc tinh/dac tring
PPIs |
PPNIs |
Save File |

| n-gram | MLD

Hinh 4-1: Giao dién chirc niing trich xuét thude tinh/dic trung

Nhan button [PPIs], chon thu muc chita cac cap protein tuong tac. Nhan
button [PPNIs], chon thu muc chira cac cip protein khong tuwong tac. Nhan
button [Save File], chon thu muc luu file két qua trich xuit. Nhan button
[n-gram] dé thuc hién trich xuat thudc tinh/dic trung theo phuong phap
trich xuét n-gram, hoic nhan button [MLD] thuc hién trich xuit thudc
tinh/dic trung theo phuong phap trich xuit MLD.

¢, Lua chon thugc tinh/ddc trung

Lwra chon thudc tinh/dac trieng
Input |
Save File |
Sétinhnang: () 50 (® 100 () 150 (_) 200 (_) 250 (_) 300 (_) 350

| Thuc hién | L Cross validation (10... |

Hinh 4-2: Giao dién chirc niang lya chon thugc tinh/dic trung

Nhan [Input] chon file dir liéu trich xuat dugc & budc b, Trich xudt thugc
tinh/ddc trung 1am dau vao. Nhan [Save File] chon thu muc can luu file két
qua lra chon thudc tinh/dic trung. Nhan [Thuc hién] thuc hién goi ham lua
chon tinh ning/dic trung. Nhan [Cross validation (10-fold)] thuc hién chia
file két qua sau khi lwa chon thudc tinh/dic trung thanh 10 phan co kich
thudc bang nhau, méi phan lan luot 1a dit liéu kiém dinh va 9 phan con lai
lam di liéu huan luyén.
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d, Phdn logi ddc trung
Phan loai thudc tinh/dac treng
| TrainFile |
| TestFile |
| SaveFile |

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

Hinh 4-3: Giao dién chirc niing Phin loai thudc tinh/dac trung

Nhan button [Train File] chon file dit liéu huan luyén. Nhan button [Test
File] chon file dir liéu kiém dinh. Nhan button [Save File] chon thu muc
lru file két qua phan 16p tir dau vao 1a dit liéu kiém dinh. Nhan 1 trong 6
button [Decision Stump], [AdaBoostM1], [REPTree], [Bagging], [Random
Tree], hoac [Random Forest] thyc hién phan loai dac trung tuong (rng cho
moi thuat toan: thuat toan phan loai don 1¢ Decision Stump, REPTree va
Random Tree, thuat toan phan loai tong hop AdaBoostM1, Bagging va
Random Forest.

e, Do do danh gia

Banh gia md hinh thudt toan
| ResultFile |

| Decision St.. | | AdaBoostM1 | | REPTree | | Bagaging | | RandomTr.. | | RandemF.. |

Hinh 4-4: Giao dién chirc ning Panh gia mé hinh thuit toan

Nhan button [Result File] chon file két qua vira thu duoc qua bude phan
loai thugc tinh/déc trung.

Nhan 1 trong 6 button [Decision Stump], [AdaBoostM1], [REPTree],
[Bagging], [Random Tree], hodc [Random Forest] thuc hién goi ham tinh
toan do do tuwong tng cho mdi thuat toan phan loai Decision Stump,
REPTree, Random Tree, AdaBoostM1, Bagging hoac Random Forest.
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4.2 KET QUA DU POAN TUONG TAC PROTEIN - PROTEIN

Tién hanh thuc nghiém véi 6 thuat toan, 3 thuat toan phan loai tong hop 1a
AdaBoostM1, Bagging va Random Forest, 3 thudt todn phan loai don 1¢ la
Decision Stump, REPTree, va RandomTree. Nhu da dé cap ¢ phan 3.3.3.
Lua chon thudc tinh/dac trung, ta ap dung phuong phap k-fold cross
validation, bang cach xay dung mot ham chia file dir liéu ban dau thanh 10
phan bang nhau. Lay lan luot mdi phan lam dir liéu kiém dinh va 9 phan
con lai 1am dit liéu huan luyén, ta thu duoc 10 bo dir lieu. M3i bo dit lidu co
2 file: file di liéu huan luyén va file dir liéu kiém dinh vai ti 18 9:1. D¢ biéu
dién két qua ngan gon va tuong minh, trong nghién ctru st dung do do F dé
hién thi trén chwong trinh tuong tng véi cac thuat toan trén mdi b dir ligu.
Ta hién thj két qua theo 2 huéng: sir dung thuat toan trich xuét thudc
tinh/dac trung n-gram va thudt toan trich xuét thudc tinh/dac trung MLD.
Sau budc trich xuét thudc tinh/dic trung, ta Iya chon thudc tinh voi s6
thugc tinh lwa chon nhé hon sé thudc tinh ban dau. Trong nghién ciru nay,
ta thuc hién lya chon thudc tinh véi sb thude tinh rat gon 1a 100 thudc tinh
va so sanh két qua phan loai dic trung cua tap dir liéu ban dau va tap dir
liéu da rat gon thudc tinh.

Bang 4.1: Két qua thuc nghiém phuong phap trich xuét thuge tinh MLD,
khéng giam chieu so thudc tinh (1134 thudc tinh)

Do | Decision | AdaBoost | REPTree | Bagging | Random | Random
doF | 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
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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
B 67,76 70,71 79,63 86,29 77,81 85,39

Bing 4.2: Két qua thwc nghiém phwong phap trich xuit thue tinh MLD,
giam chiéu con 100 thugc tinh

bb | Decision | AdaBoost | REPTree | Bagging | Random | Random
F 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
34 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
B 67,87 69,46 74,92 82,44 74,60 81,58
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Bing 4.3: Két qua thwc nghiém phwong phap trich xuét thudc tinh n-gram,
khong giam chieu thudc tinh

bo | Decision | AdaBoost | REPTree | Bagging | Random | Random
doF | 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
34 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
39 68,98 76,01 81,10 87,54 78 85,35
S10 68,41 73,12 79,21 85,56 77,46 84,71
B 69,18 75,28 78,59 86,02 78,70 85,36

Bang 4.4: Két qua thuc nghiém‘phu’o’ng phap trich xuét thudc tinh n-gram,
giam chiéu con 100 thudc tinh

bb | Decision | AdaBoost | REPTree | Bagging | Random | Random
F Stump Tree Forest

(%)

Sl 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
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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
B 69,17 75,13 78,00 81,54 77,13 82,31

4.3 NHAN XET

Vé téng quan ta nhan thiy cdc mo hinh phan loai don 1¢ c¢6 d6 chinh xac
trong kiém dinh thip hon nhiéu so véi cic mé hinh phan loai tong hop
tuong tng ma st dung md hinh phan loai don 1 d6 1am co sé. Cu thé, hiéu
qua du doan ctia mo hinh thuat toan Decision Stump thap hon mé hinh
thuat toan AdaBoostM1, hiéu qua du doan mo hinh thudt toAn REPTree
thip hon mo hinh thuét toan Bagging, va hiéu qua du doan mé hinh thuét
toan Random Tree thdp hon md hinh thuét toan Random Forest.

Tiép theo, nhan xét vé hidu qua du doan phan 16p khi sir dung phuong
phap lua chon thudc tinh/dic trung MRMD dé giam chiéu dit liéu. Ta thay
cac thudt toan phan 16p sir dung dau vao 1a tap vector thudc tinh rt gon c6
chi phi giam dang ké so véi sir dung dau vao gitr nguyén 1 tap vector thudc
tinh ban dau, nhung hiéu qua dy doan giam xudng, dao dong trong khoang
[1;4](%) (theo do do F). Mt hiéu qua du doan bi giam trén co thé chip
nhan dugc so véi chi phi chay chuong trinh tiét kiém dugc.
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So sanh giita hai phuong phép trich xuat thugc tinh/dic trung 1a n-gram
va MLD. Hiéu qua cho 2 phwong phap trich xuét thudc tinh/dic trung 1a
twong duong nhau, chi phi bo ra chay thuat toan thi phuong phap MLD co
chi phi thdp hon nhiéu 1an so véi phuong phap n-gram. Vi vay néu xét tinh
hiéu qua ta s€ chon MLD thay vi n-gram.

So sanh gitra cac cap thuat toan véi nhau, ta thiy cap Decision Stump —
AdaBoostM1 ¢6 hiéu qua du doan thap hon 2 cip con lai. Hai cap REPTree
— Bagging va Random Tree — Random Forest c6 hiéu qua du doan tuong
duong nhau, xét chi phi cho thuat toan thi cap Random Tree — Random
Forest c¢6 chi phi bo ra thip hon nhiéu lan so véi cap REPTree — Bagging.

Tir nhitng nhan xét trén, ta rat ra két qua cudi ciing: Phuong phap hiéu
qua nhét trong nghién ctru nay cho dy doan bai toan “Du doan tuong tac
protein — protein sir dung phuong phap khai pha dir li¢u” 1a phuong phap
phan 16p Random Forest, sir dung phwong phap trich xuit thudc tinh/dac

trung MLD va c6 giam chiéu thudc tinh.

4.4 KET LUAN

Luan vin da dat dwoc hai két qua quan trong trong qua trinh xdy dung
chuong trinh duy doan tuong tac protein - protein sir dung ky thuat khai pha
dir lidu.
Vé nghién ciru tim hiéu:
- Nghién ctru khai niém sinh hoc lién quan protein, cu tric protein
- Nghién ciru khai niém khai pha dit liéu nén tang lién quan dén ky
thuat phan lop dir li¢u
- Tim hiéu tong quan vé mot s thuat toan phan 16p co ban
- Tim hiéu vé phuong phap phan loai tong hop (ensemble) va mot s6
phuong phap két hop cac bo phan loai co ban
- Tim hiéu cac khai niém vé danh gia mo hinh phén 16p
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Vé thyc nghiém:

- Xay dung dugc chuong trinh du doan tuong tac protein - protein
bang phuong phap phan loai tong hop

- Xay dyng dugc ham danh gia va so sanh két qua thuc nghiém gitra
phuong phéap phén loai téng hop va phén loai don 1é

- Tién hanh thir nghiém trén nhiéu tap di liéu ngau nhién khac nhau
dé dam bao tinh chinh xac khach quan

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

Luan van di gi6i thiéu phuong phap ap dung moé hinh phén loai tong
hop vao nghién ciru du doan twong tac protein - protein. Ciing nhu chirng
minh dugc vé mit 1y thuyét va thuc nghiém rang phuong phap dp dung mo
hinh phan loai tong hop nay wu viét hon giai thuat mo hinh phan loai don
&, c6 do chinh x4c cao hon va do n dinh tét hon.

4.5 HUONG NGHIEN CUU TRONG TUONG LAI

Trong luan vin t6i chua di sau vao tim hiéu duoc cach két hop cac thuat
toan con trong thudt toan phan loai tong hop. V& ngdn ngit lap trinh vain dé
t6i wu thoi gian va hiéu suat xir Iy ngudn dix liéu 16n con han ché, tir d6 lam
giam do chinh xac cua két qua thuyc nghiém. Vi vdy, trong tuong lai, toi
mong muén dugc tim hiéu va 4p dung sdu hon cac cach két hop giai thuat
don 1é vao md hinh phan loai tong hop va thuc hién tdi wu vé mat ngon ngir
lap trinh dam bao xir 1y dir liéu 16n mdt cach nhanh chong ca vé thoi gian
va hiéu suat xur 1y.
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