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MO DAU

1. Tinh cép thiét ciia luan an

Céc phuong phap t6i wu to hop (TUTH) da dugc nghién ciru rat sém, tir thoi Euler (thé ky
18), ngay nay, ciing voi sy phét trién nhanh chong cua cong nghé thong tin, chingdang dwoc nhiéu
nguoi quan tim nghién ctruva tng dung rong rii trong cac bai toan thuc té dic biét 1a trong tin-sinh
hoc. Trong d6, chung ta ngdy cang gip nhiéu bai toan uu t6 hop TUTH) thudc loaiNP-khocd (size)
16n.

Trong tiép cin truyén thong, cac bai toan va thuat toan giai phai tuan thu nhiéu diéu kién
toan hoc khit khe:

e Bai toan phai duoc thiét lap dung dan (ton tai duy nhit nghiém va 6n dinh vé6i diéu kién
ban dau) hodc dd duoc chinh quy héa dé tro nén dung dan, néu co yéu té khong chic chan
thi can dugc xtr 1y dua trén 1y thuyét xac suat va thong ké.

e Cac thuat toan giai phai chimg minh duoc tinh hoi ty hodc udc lwong duoc sai sd/ ty 16 tdi
uu, voi cac bai toan cd (size) 16n thi thuat toan phai c6 thoi gian da thuc.

Vi 6 cac doi hoi nhu vAy nén nhitng thuat toan duoc dé xuit khong da dé dap tng nhu cau
ngdy cang tang trong ung dung. Cac phuong phap tinh toan mém giai quyétcac bai toan phirc
taptheo tiép can mém déo hon. Két qua thyc nghiém cho thy hiéu qua t6t cua cac tiép can nay nén
chung dang thu hut nhidu ngudi nghién ctru, tmg dung.

Trong tiép can tinh todn mém, cac thut toan heuristics va metaheuristicsthuong dugc dé
xudt ap dung cho cicbai toan TUTHKhO ¢& 16n. Trong d6 hiéu qua cua cac thuét toan dugce danh gia
bang thuc nghiém va y tudéng dé xuit. Cac thuat toan heuristics cho phép tim kiém nhanh (thuong
theo kiéu tham lam) 10i giai du t6t va thudng hudng t6i cuc tri dia phwong. Cac thuat toan
metaheuristics thuong co6 thoi gian chay lau hon céc thuat toan heuristics nhung hudéng t6i cuc tri
toan cuc, thoi gian chay cang lau thi 1oi giai tim dugc cang t6t hon.

Pa s6 cac phuong phap metaheuristics dya trén ¥ tuong mé phong ty nhiénvoi ngdm dinh
rang cic qua trinh phat trién ty nhién thuong mang tinh t6i wu. Trong d0, cacthuat toan di truyén
(GA), tdi wu dan kién (ACO), memetic dang duogc st dung rong rai cho cac bai toan TUTH kho.
Dic biét, phuong phap ACO do Dorigo dé xuatrat thich hop cho cac bai toan t6i uu to hop trén do
thi.

GA 1a phuong phap metaheuristics dugc dé xuat sém va thong dung nhat. Tuy nhién, & mdi
budc ldp cua cac thudt toan GA phai dung lai nhidu 10i giai ctia bude 1ap trude d6 nén thudng kém
hiéu qua hon cac thuat toan ACO. Trong phuong phap ACO, bai toan nguyén thiy duoc dua thanh
bai toan tim duong di t6i wu trén dd thi cdu tric bang thi tuc budc ngiu nghién dua trén thong tin
heuristics va thong tin hoc ting cudng. Bbn yéu t6 anh huong nhiéu dén chit lwong ciia thuat toan
ACO la:

1) Quy tic cap nhat mui

2) DO thi cau trac

3) Thong tin heuristics

4) k¥ thuat tim kiém dia phuong.

Ba yéu té sau duoc xdy dung va xac dinh tily theo timg bai toan cu thé, chat luong ciia
chung dugc x4c dinh nho thye nghiém. Cac quy tic cap nhat mui c6 tinh phd dung nhung cac tham
s6 thich hop phai dugc xac dinh béng thuc nghiém. Khi ap dung k¥ thuat tim kiém cuc bd cho cac



thuét toan ACO theo lugc dd memeticta c6 céc thuat toan ant-based.

Nhing phét hién vé co ché di truyén trong co thé séng da thuc day sinh hoc phan tir néi
riéng va cong nghé sinh hoc néi chung phat trién manh mé trong nira thé ky qua vatré nén linh vuc
nghién ctru va tmg dung hap dan. Tuy nhién cac nghién ctru trong phong thi nghiém doi hoi nhidu
thoi gian va tén kém. Ciing v6i su phat trién ciia cong nghé thong tin, tin-sinh hocra doi va 1a cong
cu trg giup hi€u qua cho cac nghién ctru sinh-y-dugc.

Viéc nghién ctru tinh twrong dong/khac biét cu tric tuan tu 1a khong du dé phat hién tinh
tuong dong/khac biét vé chic ning trong co thé sdng. Nghién clru cac mang sinh hoc nhu mang
tuong tac protein-protein (PPI), mang diéu hoa gen (gene regulatory), mang cac vi tri lién két
protein,mang trao d6i chat...mang lai tiép can nghién ctru hiéu qua hon vé& phén tich chic ning
trong sinh hoc phan tir. Dac biét, viéc dong hang cadc mang tuong tac protein-protein va mang cac vi
tri lién két protein cho phép chung ta du doan dic diém chirc ning dcac loai chua nghién ctu ki
tircac tri thire ciia cac loai da biét, nhd d6 hiéu rd hon quan hé tién hoa sinh hoc, hd tro thong tin dé
nghién ciru thude diéu tri cac bénh di truyén. Cac bai toan nay thudc loai NP-khé va dang thu hut
nhiéu nguoi nghién ctru/img dung do tinh quan trong ctia ching.

Trong bbi canh do, ching t6i chon chi dé nghién ciru "Céc bai todn téi wu té hop va tinh
todn mém” voi ndi dung 1 nghién ctru ap dung cac ky thuat TUTH mém dé dé& xudt mot sb thuat
toan thong minh giai haibai toan dong hang toan cuc mang twong tdc protein-protein va dong hang
nhiéumangvi tri lién két protein (s& goi gon 1a bdi todn déng hang nhiéu dé thi ) v6i chat luong 16i
giai va thoi gian tinh toan t5t hon so véi cac thuat toan mdi nhat hién nay.

2. Muc tiéu cta luin an

Tim hiéu cac dang bai toan dong hang cic mang protein néu trén va cic thuat toan giai
chung dd duoc dé xuit trong thoi gian gin day.

Tim hiéu cac k¥ thuét tinh toan mém dé tir d6 thay rd wu va nhuoc diém cua timg phuong
phap. Trén co s¢ do, dé xuét cac thuat toan mdi v6i chét luong 161 giai tot hon cac thuét toan hién
tai trong thoi gian ngan hon cho cac bai toan nay.

3. Cac dong gop cua luin an

Trong thdi gian qua, cung véi can bo huéng dan vacac cong su, tic gia luan an da c6 dong
gop sau.

e D¢ xuit ba thuat toan cho bai toan dong hang toan cuc mang tuong tac protein-Protein,
bao gém thuét toan heuristics FASTAN va hai thuét toan ti wu dan kién: ACOGNA va
ACOGNA++.

e D¢ xuit ba thuit toan dua trén tdi uu dan kién cho bai toan dong hang nhiéu do thi, bao
gdm ACO-MGA, ACO-MGA2 va ACOTS-MGA

Két qué thyc nghiém cho théy hi€u qua ndi trdi cuacac thuét toan dé xuit so vai cac thuét
toan tién tién hién c6. Cac két qua cua ludn an da dugc cong bd trong 5 bao cao hoi nghi/hdi thao
qudc gia/qudc té bao gdm 4 bao cao hoi nghi qubc té (Cong trinh 1,2,3,5) vamot hoi thao toan qudc
“Nghién ctru co bdn va ung dung cong nghé thong tin” (Cong trinh 4), ngoai ra c6 mot bai bao dang
gui dang tap chi.

4. B cuc ciia luin 4n

Ngoai phan mé dau va két luan, luan an dugce t6 chire nhu sau:

Chwong 1 giéi thidu bai todn tdi wu to hop dang téng quat va cac phwong phap
metaheuristic bao gdm giai thuat di truyén va tinh toan tién hoa, cac thuat toan memetic va phuong



phap t6i wu dan kién.

Chwong 2 gidi thiéu hai bai toan dong hang mang tuong tac protein-protein va dong hang
nhiéu do thi cung mot s van dé lién quan

Chuwong 3 trinh bay ba thuat toan dé xuat dé giai bai toan dong hang toan cuc 2 mang tuong
tac protein-protein. Hi¢u qud cta cac thuat toan dugc kiém nghiém trén cac by di licu chuin
(IsoBase) duoc stir dung boi cac thudt toan moi nhét hién nay. Cac thyc nghiém da cho théy hiéu
qua ndi troi cua cac thuat toan dé xuit.

Chuwong 4 trinh bay ba thuat toan dya trén phuwong phap tdi vu dan kién dé giai bai toan
dong hang nhiéu mang céc vi tri lién két ctia protein. Cac két qua thuc nghiém trén cac bo dir lidu
mo phong va dir liéu thuc cho thiy cac thuat toan dé xuét tot hon hin so v6i cac thuat toan méi nhat
dé giai bai toan dong hang nhiéu db thi.

Chuong 1. TOI UU TO HQP VA TINH TOAN MEM
Chuong nay phat bi€u bai toan TUTH tong quat va cac van dé lién quan, sau d6 gi6i thiéu ngan

gon cac phuong phap t6i uu theo tiép can tinh todn mém, bao gdm GA, tinh toan tién hoa, cac thuat

toan memetic va phuong phap ACO.

1.1. Bai toan toi wu to hop
1.1.1. Phat biéu bai toan tong quat

Mot cach tong quat, mdi bai toan TUTH c6 thé phat biéu nhu sau: Cho mét b ba (S, £, Q),
trong d6 S 1a tap hiru han trang thai (15i giai tiém ning hay phuong 4n), f 1a ham muc tiéu xac dinh
trén S, con Q 13 tap cac rang budc. Mdi phuong 4n s € S thoéa min cac rang budc Q goi 1a phuong 4n
(hay 15 giai) chap nhan dugc. Muyc dich cua ta 1a tim phwong 4n chip nhan dugc s* t6i uu hoa toan
cuc ham muyc tiéu f. Ching han vdi bai toan cyc tiéu thi f(s*) < f(s) voi moi phwong an chip nhan
duoc s.
1.1.2. Cacvidu

Trong doi sdng va trong cac hé thong tin, ta thuong gip nhiéu bai toan téi wu t6 hop quan
trong. Chfmg han nhu: tim duong di ngén nhat nbi hai diém trén mot dd thi da cho, 1ap ké hoach
phan phdi ngudn hang téi noi tiéu thy véi chi phi cyc tiéu, 1ap thoi khéa biéu cho gido vién va hoc
sinh thuan loi nhat, dinh tuyén cho cic goi dit liéu trong Internet hay céc bai toan trong linh vuc tin
sinh hoc...
1.1.3. Cac cach tiép cin giai bai toan tdi wu to hop

4
.....

V6i cac bai toan TUTHNP-kho ¢6 ¢& nho, nguoi ta ¢6 thé tim 10i giai tdi wu nhd tim kiém vét
can. Tuy nhién, véi cac bai toan ¢& 16n thi dén nay chua thé c6 thuat toan tim 10i giai dung véi thoi
gian da thirc nén chi c6 thé tim 10i giai gin ding hay du tot.

Theo céch tiép can truyén théng hay 1a tiép can cing, cac thuat toan gan dung phai dugc
chting minh tinh hoi tu hodc udc luong dugce ty 1¢ tdi wu. Voi viée doi hoi khat khe vé toan hoc nhur
vaylam han ché s6 luong cac thuat toan cong bd, khongdap ing duoc nhu cau ngay cang phong phii
va da dang trong nghién ctru va tmg dung. Dé khac phuc tinh trang nay, nguoi ta dung tiép can du
totdé xay dung céac thuat toan ¢i wu mém.

1.2. Tinh toan mém

Tinh toan mémcho mét cach tiép can dé giai quyét cac bai toan kho, thong tin khong day du,

thiéu chic chian va cho két qua 1a nhitng 10i giai du tét hodc gan dung ma tiép can truyén thong hay



tinh toan cimg (hard computing) khong giai quyét duoc. Tiép can nay gém cac phuong phap st
dung tap mo/ tap tho, cac phuong phap hoc may nhu mang no ron nhan tao, may tua vector (SVM),
cac giai thuat tién hoa nhu cac giai thuat di truyén tdi wu bay dan, téi vu dan kién, tdi wu bay ong,
giai thuat memetic, h¢ mién dich nhén tao...

Dbi v6i cac bai toan TUTH kho, cac phuong phap tinh toan mém dwoc danh gia chat luong
dua trén thie nghiém ma khong nhat thiét phai chimg minh tinh hoi tu hodc udc luong ty 1¢ ti wu.
Cac thuat toan thuong duoc xay dung dua trén mét v twdng “co ly” va hiéu qua cia chung dugc
danh gia dwa vao két qua thir nghiém trén tap dir liéu i tin cdy.

1.2.1. Cac thuit toan duwa trén thuc nghiém.

Céac phuong phap ndy phat trién theo hai hudng heuristic va metaheuristics. Cac thuat toan
heuristic d& xuat riéng biét cho timg bai toan cu thé, cho phép tim nhanh mét 101 giai du tdt hoic
xap xi toi uu dia phuong

Theo cach hiéu chung nhat, mdi thuat toan metaheuristics tong quét 1a mot lugc do tinh toan
dé xudt cho 16p bai toan rong, khi dung cho cac bai toan cu thé can thém cac van dung chi tiét cho
phtt hop. Nho cac luge do nay, ngudi ding c6 thé xay dung dugc thuat toan cho bai toan trong thyc
té ma khong doi héi co kién thurc ot v& toan hoc tinh toan, vi vay, hién nay chungdang dugc dung
phé bién trong ing dung. Céac thuat toan nay thuong c6 thoi gian chay 1au hon cac thuat toan truyén
thdng va tim kiém dia phuong nhung 15i giai hudng t6i tdi wu toan cuc.

1.2.2. Giai thuit di truyén

GA duoc J. H. Holland ¢ truong dai hoc Michigan giéi thiéudau tién vao nam 1975, 1a k§

thuat mé phéng qua trinh tién hod tu thich nghi cua cac qu?m thé sinh hoc dya trén hoc thuyét

I3
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Darwin dé tim gan diing 10i giai toi wu toan cuyc.

Sau J.H. Holland,c6 rat nhiéu ngudi nghién ctru vé 1y thuyét ciing nhu nhiing tmg dung cua
GA trong caclinh vuc khac nhau nhu sinh hoc, khoa hoc may tinh, k¥ thuat lai ghép, xir Iy anh... va
dang 1a thuat toan metaheuristics thong dung nhat.
1.2.2. Tinh toan tién héa va cic thuat toan Memetic

Thuat ngit tinh toan tién hoa ban déu dé chi cac phuong phap tim 10i giai nho dua vé sir dung
GA. Ngay nay n6 dung dé chi chung cho cac phuong phép t6i wu dya trén quan thé, trong d6 quan
thé cua thé hé sau duoc xay dung dua trén thong tintlr quan thé trudc dé tim 10i giai. Cac thuat toan
nay thuong duogc xay dung dua trén cac lugc dd metaheuristics, chéng han nhu céc thuat toan toi uu
bay dan(Particle swarm optimization: PSO),dom dém (Firefly algorithm), doi (Bat algoritm)....

Memetic 1a cacky thuat tim kiém duya trén quan thé, ban dau ap dung cho giai thuat di truyén
va nay ung dung hi€u qua cho céc thuit toan khac.

Trong cac thuat toan memetic,chéng han GA hoic ACO, cudi mdi vong 1ap t, nguoi ta tim ra
tap 101 giai Q(t) va tap thuat toan tim kiém dia phuwong A (t)dé 4p dung cac thuat toan tim kiém
tang cuong mot cach linh hoat phit hop véi dic diém timg bai toan. Két qua thuc nghiém cho thay
viéc ap dung tim kiém dia phuong da dang va linh hoat & mdi budc lip tiy theo cic rang budc va
dic diém ham muc tiéu cai thién dang ké chat luong thuat toan so véi cac thudt toan s dung don
diéu mot thuat toan tim kiém cho moi bude lap.

1.3. Phwong phap t6i wu dan kién
Phuong phap téi uu dan kién (ACO) 1a thuat toan mé phong cach tim duong di toi to cta kién tur
nhién dé giai cac bai toan TUTH kho. Phuong phap nay dugc Dorigo gidi thiéu vao nim 1991[6]



dudi dang hé kién(Ant System) ngay nay da duoc phat trién dudi nhiéu bién thé va duoc Gng dung
rong rai
1.3.1. Kién tu nhién va kién nhén tao

Kién tw nhién.

Trén duong di dén nguén thirc 3n va tré vé td, mdi con kién thuc dé lai mot vét hoa chét goi la
vét mui (pheromone trail) va theo vét mui ciia cac con kién khac dé tim duong di. Puong c6 nong
d6 vét mui cang cao thi cang co nhiéu kha ning duoc cac con kién chon. Nho cach giao tiép gian
tiép nay dan kién tim dugc duong di ngan nhit tir to téi ngudn thirc an.

Viée tim duong di ctia cac con kién tu nhién dua trén néng do vét mui lam talién tudng toi cach
hoc ting cudng cho bai toan chon tac dong tbi wu, goi mé mot mé hinh mod phong cho cac con kién
thuc dé tim duong dingén nhat giita hai nat (twong tng 13 t6 va ngudn thirc an) trén do thi. Trén co
s& d6, mé rong thanh phuong phap ACO dé giai cac bai toan tdi uu to hop kho
Kién nhan tao.

Khi mo phong hanh vi cua dan kién dé giai cac bai toan thuc, nguoi ta ding da tac tur
(multiagent) lamdan kién nhan tao, trong do mdi con kién nhan tao 12 mdt tac tir, co nhiéu kha nang
hon kién ty nhién. Kién nhan tao (vé sau s& goi 1a kién) c6 bd nhd riéng, c6 kha ning mo rong,
chang han,ghi nhé cac dinh da tham trong hanh trinh va tinh dugc d dai duong di nd chon. Ngoai
ra cac con kién co thé trao ddi thong tin ¢c6 duoc vdi nhau, thyc hién tinh toan can thiét, cap nhat
mui...

Nho cac kha ning mé rong ma mdi dan kién co thé thyc hién lip qua trinh tim 10i giai nhd thi
tuc budc tuan tu trén do thi cAu trac twong tng cliia mdi bai toan va cap nhat mui theo phuong thirc
hoc tang cuong dé tim 10i giai chap nhan duoc va xac dinh 10i giai di tot toan cuc.

1.3.2.  Lugc do chung ciia phwong phap ACO
Procedure Thuit toan ACO
Begin )
Initialize: Khdi tao vét mui, n_ants
while Khi diéu kién ding chua théa man do
for i=1ton_ants do
Xay dung loi giai;
Céap nhat 101 giai tot;
end for
Cap nhat mui
end while
End

Hinh 1. 1. Pic ti thuit toan ACO tong quat
1.3.3.  Thi tuc bwéc ngiu nhién xay dung loi giai

Gia str kién da phat trién dugc xau (u, ..., Uy, ) trong d6 u,, = inhungchua cho 10i giai chéap
nhan dugc va nho Q ta xac dinh duoc tap dinh Ji, (i)co thé phat trién thi thanh phan ...u;,, = j tiép
theo duogc chon véi xac suit

[z ()] [0 ()18 X .
Pk = { Tiesolra@=ma@P "7 S0

0 néuje @)
trong d6 a, B 1a cac hiang sé duong chon trudc. Thu tuc nay tiép tuc cho dén khi xau (uy, ..., u;)

2.1)

tuong (mg mot véi 10 giai s trong S. Bang cach nay mdi kién xdy dung duoc 1oi giai trong mdi
vong lap va cung thyuc hién danh gia 10i giai dé cap nhat mui theo mot quy tic dugc chon.



1.3.4.  Cac quy tic cip nhat mui

Viéc cap nhat mui, phan anh co chéhoc ting cudng va anh huéng quyét dinh chat luong
thuat toan nén thuong dung dé 1am tén goi cho 16p thuét toan dung no. Pé dam bao vét mui hoi tu,
ngudi ta sir dung hang s6 bay hoi vét mui 0<p<1 hay hé s6 chiét khau trong hoc ting cudng, khi
mot canh dugc cép nhat mui thi vét mui bién ddi theo cong thic:

7 « (1= p)tyj + Aty (1.4)

Diém then chét 14 canh nao dugc cdp nhat va lugng thém vao thé nao la tuy theo quy tic
duoc chon. Co nhiéu quy tac cap nhat mui da duogc dé xut, trong do dién hinh 1a céc quy tac hé
kién (AS), hé dan kién (ACS), hé kién Max-Min(Max—Min Ant System: MMAS) va hé kién Max-
min tron (Smooth Max-Min Ant System: SMMAS).

Quy tic SMMAS

Quy tic SMMAS lan dau tién duoc DS Puc Pong va cong su dung cho bai toan lap lich san
xudt [7] va duoc trinh bay chit ché cho bai toan TSP trong [8].

SMMAS dugc dé xuit dua trén nhan xét hai nhuoc diém cua MMAS:

e Thu nhat, néu chon Tmin» Tmax 16ch nhau it thi lam triét ti€u hiéu qua hoc ting cuong, con
néu chon 1éch nhau nhiéu thi vét mui & cac canh it duoc cap nhét s€ nhanh chéng vé Tmin
lam han ché khong gian tim kiém maic du c6 nhe hon AS va ACS.

e Thu hai la dai lugng At; ; phy thudc gid tri ham muc ti€u lam cho thuat toan phai tinh
toan phrc tap, tuy nhién trong hoc ting cudng thi khong can thiét.

Mot trong cac cai tién 1a khi khai tao lai vét mui, viée cap nhat mui thuong xuyén bé'mg o1
giai t6t nhat tim dugc mai nhét thay vi ¢ dinh.

V6i nhan xét trén, SMMAS khong giam vét mui & cac canh khong thudc 10i giai t6t qua
nhanh nhu quy tic MMAS ma dung quy tic Max-Min tron bang cach cép nhatr; jtoan cuc cho moi
canh voi At; ; xac dinh boi:

ATij — {p‘[minné;u (l']) ¢ W(t)
T pTmaxnéu (i,)) € w(t) (1.8)

Trong d6 w(z) 1a 15 giai tot nhat ma cac kién xay dung dugc. Quy tic nay ciing khi tao to =

Tmax. DAy 12 mot phuong phap cip nhat mui dé cai ddt va c6 do phic tap tinh toan ciing thip hon so
v6i cac phuwong phap trude nd. Thue nghiém va phan tich toan hoc cho thay no tét hon MMAS.
1.3.5.  Tim kiém dia phwong

Thong thuong thi cac ky thuat tim kiém dia phuong hoi tu dén cuyc trj dja phuong nhanh hon.
Vi vay nguoi ta thuong ap dung k¥ thuat tim kiém dia phuong dé ting cudong chat luong 10i giai cho
101 giai t6t nhat hodc cho moi 101 giai trong mdi bude 1ap trude khi cap nhat mui. Cac k¥ thuat tim
kiém c6 thé ap dung linh hoat theo lugc dd memetic dugc néu trong muc 1.2.3.
1.3.6. Cacvidu

Vi du 1. ACO cho bai toan TSP
Vi bai toan TSP cho bsi G(V, E) va d6 dai d;; cua cac canh (i,j) da biét nhu trong muc
1.1.2, ta c6 thé dung ludn do thi nay lam do thi cau truc véi Cp=C=V. Vb1 moi kién k & dinh i khi
tim kiém, tap J, (i) 1a cac dinh ma kién chua di qua.Thong tin heuristics 1a nghich ddo khoang cach
1

Viéc tim kiém dja phuong cho mét chu trinh Hamintol dugc ap dung cho céc chu trinh c6 p
dinh lién nhau trong chu trinh nay duoc hoan vi (p-ling giéng), trong d6 p chon trudc. Chién luoc
tim kiém c6 thé 1a ¢t hon (better) hodc 16t nhdt (the best). Trong chién lugc 16t hon, viée tim kiém



cho mdi 10i giai & mdi 1an 13p s& dimg khi tim duoc mot 10 gidi tot hon nd, con chién luge tot nhat
s& tim kiém 10i giai t6t nhat trong p-lang giéng. Mot cach ap dung memetic 1a chi 4p dung tim kiém
dia phuong c6 mot sb 10 giai tot trong mot s6 1an 1dp sau thay vi ¢ nhitng vong lap dau, khi 1oi giai
chua dii tot thi cé cai tién thi ciing chua tot bao nhiéu ma ton thoi gian.

Vi du 2. ACO cho bai toan tim DNA-motif

1.3.7.  Nhin xét vé phuwong phap ACO

So v6i GA, & mdi bude lap, ACO khong dung lai nhiéu 16i giai cua budc 1ap truge nhu GA,
hon nira viéc két hop hoc ting cudng va thong tin heuristics s& ting hiéu qua tim kiém.

Viéc tim kiém ngiu nhién cho phép tim kiém linh hoat, mém déo trén mién rong hon
phuong phap heuristics sin c6. Dé ting cuong kha niang kham pha, ACO c6 thé ap dung khoi tao lai
vét mui sau mot s6 bude lap ma khong tim dwoc 10i giai tot hon.

Thuat toan ACO dé song song hoa dé giam thoi gian chay trén may song song do mdi con
kién tim 101 giai mot cach doc lap trong mdi vong lap.

Vi nhitng 1y doé trén, ludn an tap trung vao phat trién cac thuat toan dua trén dan kién.

Chuwong 2. TIN SINH HOC VA DONG HANG CAC MANG PROTEIN
Trong chwong nay, sau khi gidi thiéu ngin gon birc tranh chung ctia tin sinh hoc s& gidi thiéu
bai toan dong hang mang twong tac protein-protein va bai toan dong hang nhiéu mang vi tri lién két
protein dugc nghién ctu trong cac chuong sau.

2.1.  Giéi thiéu vé tin sinh hoc
2.1.1. Qua trinh tong hop protein
2.1.2. Sinh hgc phéan tir va phan tich cac trinh ty trong tin sinh hoc
2.1.3 Cac mang sinh hoc

Déng hang cac chudi thudc hé gen da ting cuong kién thirc y sinh hoc ciia nhd phat hién cac
vung trinh ty c6 sy tuong dong giita cac gen & cac loai khac nhau, cac ving d6 c6 kha ning phan
anh cac mbi quan hé chtrc ning va tién hoa giita cac trinh ty. Tuy nhién, cic gen hodc cac san pham
protein cua ching khong hoat dong mot cach doc 1ap ma chung thuc hién cac qua trinh té bao bﬁng
cach tuong tac véi nhau.Cac tuong tac nay dugc mo hinh héa bdi mang sinh hoc, chéng han nhu:
mang diéu hoa gen (gene regulatory),mang trao doi chét, mang twong tac protein-protein (protein-
protein interactive network: PPI), mang céc vi tri lién két/hoat tinh protein. Khong giéng nhu cac
nghién ciru vé cac chudi gen, nghién ciru mang sinh hoc cho phép hiéu dugc cac qua trinh té bao
phurc tap phat sinh tir cac hoat dong chung cta cac phan tir sinh hoc.

Nhirng tién bo trong cong nghé sinh hoc hién thoi cung cap nhiéu dit liéu cho phép ta nghién
ctru sdu hon vé cac mang sinh hoc va cho ta nhiéu tri thirc quy gia. Chang han, viéc dong hang
mang sinh hoc nhdm tim twong tmgdu ot gitta cic niit mang cia cac loai khac nhau cho phépxac
dinh cac ving mang c6 kiéu cdu tric topology va cau trictrinh tw, nho d6 ¢6 thé chuyén mot cach
hiéu quacéc kién thic vé chirc ning cta té bao tir cac loai da duoc nghién ctru tot sang nhitng loai
chua dugc nghién cuu nhiéu hodc khoé 1am thuc nghiém.Béi vi viéc nghién ctru thuc nghiém trén
con ngudi gip nhicu kho khian béi cac rao can dao dirc va phap luat, nhd dong hang mang ma ngudi
ta c6 thé chuyén cac tri thirc da biét tir nAm men (Saccharomyces cerevisiae), rudi gidm (Drosophila
melanogaster), hoac sau (Caenorhabditis elegans) sang tri thitc ctia con nguodi dua trén phat hién cac
ving mang dugc bao ton.



Luén an nay tap trung nghién curu hai bai toan thoi su: dong hang toan cuc hai mang tuong
tac protein-protein (vé sau s& goi gon 1a mang tuwong tic protein) va dong hang nhiéu mang cac vi tri
lién két/hoat tinh protein.

2.2. Bai toan déng hang mang tuwong tic protein

Céc protein trong mdi co thé song khong ton tai mot cach doc lap ma ching twong tac véi
nhau. Dua trén nghién ciru thuc nghiém, nguoi ta xay dung duoc cac CSDLvéE cac mang tuong tac
protein (PPI). Viéc dong hang hai mang PPI cho phép chiing ta phat hién cic twong dong chirc ning
gitta hai loai nho phat hién cac vung tuong tu giita chung.

Mot mang PPI dugce biéu thi bai mot dd thi G(V,E) trong do V la tap dinh ma mdi nat ung
v6i mot protein, E 1a tip canh, mdi canh ndi 2 nut biéu hién twong tac ciia hai protein twong tmg.
Ngoai tinh topology thé hién trén mang, nhiéu khi nguoi ta con quan tam t6i ca dic tinh cdu trac
ctia mdi protein ma chiing khong duogc biéu dién trén do thi. Viéc dong hang mang duoc chia thanh
hai hudng tiép can: dong hang cuc bd va dong hang toan cyc.

Céc nghién ciru dautién vé dong hang mang PPI 1a dong hang cuc.Dong hang cuc bd ¢6 muc
tiéu la xac dinh cac mang/66 thi con gﬁn nhau vé topologyva v trinh ty nho mot 4nh xa tir mang no
vao mang kia nhu minh hoa trong hinh 2.2 (a).
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Hinh 2.2. Déng hang cuc bo va dong hang toan cuc

Dong hang cuc bd c¢6 nhugc diém 13 khotim ra cac dd thi con véi kich thuée 16n cé ciu trac
va chtic ning tuong tu, két qua cta dong hang cuc bo 1a nhiéu nhiéu nén thudng chira nhiéu cac
mang con chong 1an nhau nén thuong dan ti su nhap nhang khé tmg dung.

Mot dong hang toan cuc mang PPIlamdt don anh tr mang c6 s dinh nhé honvao mang 16n
(xem hinh 2.2b),nh¢ d6 ma xac dinh cac viing bao ton. Viéc xac dinh don anh nhu vay tranh duogc
céc nhap nhang thuong gip ¢ phuong phap dong hang cuc bo.

Bai toan t6i uu dong hang toan cuc mang PPI dugc chimg minh thudc loai NP-kho nén dang
12 bai todn quan trong trong sinh hoc phén tir va dd c6 nhiéu thuat toan heuristics va metaheurristics
dé xuat dé giai ching.

2.3. Bai toan déng hang nhiéu mang céc vi tri lién kétprotein.

Di c6 cac tiép can khac nhau duoc dé xuat dé kham pha tinh twong dong ciu truc, chu yéu
nho k¥ thuat d6i sanh dung cac cip do thi va nhan duoc nhig két qua ¥ nghia khi nghién ctru tién
hoéa chirc ning cua cac phan tir khong thuan nhat. Tuy vay, nhitng phuong phap nay khé kham pha
cac mau c6 y nghia sinh hoc duoc luu lai mot cach gﬁn dang.

Weskamp va cac cong su dau tién (2007) gioi thidu khai niém dong hang nhiéu do thi va
dung bai toan nay dé phan tich cac vi tri hoat tinh protein (protein active sites), va dé xuit mot thuat
toan heuristic tim 10i giai theo chién lugc an tham greedy.

MGA la bai toan NP-kho, cac thuat toan heuristic chi thich hop cho cac bai toan c& nhd, nén
khong phu hop véi cac tng dung thuc té. Fober va cac cong sy dd mé rong sir dung bai toan nay



cho phén tich cAu trac phan tr sinh hoc va dé xuit mot thuat toan tién hoa véi tén goi GAVEO.
Thuc nghiém cho thay thuat toan nay hiéu qua hon thuat toan ma Weskamp dé xuét.
Trong chuong 4, luan an dé xuat 13 ACO-MGA, ACO-MGA2 va ACOTS-MGA dé giai bai
toan dong hang nhiéu d6 thi.
Chwong 3.DONG HANG TOAN CUCMANG TUONG TAC PROTEIN

Chuong nay gidi thiéu 3 thuat toan ma nhom dé xuat dé giai bai toan dong hang toan cuc
mang tuong tac protein la FASTAN, ACOGNA va ACOGNA++.Cac thuc nghiém da chung minh
cac thuat toan nay cho chét lugng 10i giai tét hon déng ké so vdi cac phuong phap méi nhét hién
nay. Bénh canh d6 thoi gian chay cta cac thut toan dé xuat ciing nhanh hon so vdi cac thuat toan
metaheuristic khac co chit lwong 10 giai twong duong.
3.1. Bai toan dong hang toan cuc mang twong tac Protein
3.1.1. Phat biéu bai todn

Gia sir G; = (Vi, E;) va G, = (V,, E5)1a 2 @0 thi mé ta 2 mang twong tic protein, trong d6 Vi,
V, tuong tng la tip cac dinh cua cac do thi G, va G; E;, E, a tip cac canh tuong ung ciaGy,
G,.Khong mét tinh tong quat ta co thé gia st | V] </, | trong @6 [V| 1a ky hiéu cho sd phén tir ciia
tap V.

Pinh nghia 1.Dong hang toan cuc 2 mang tuong tac protein la xac dinh mdt don anh
f 1V, — V, trong &6 mdi dinh cta V; dwoc khép v6i duy nhét 1 dinh v, = f(v,) V.

Trong truomg hop | V] [=|V, | thi 12 mot song anh.
3.1.2. Dinh gia chit lwgng déng hang toan cuc

Cho mot dong hang mang [ ky hi¢uf(E)={f(w),f(V)€E,: (u,v)eE}va
S ={f()eV,:vel}. Cac tiéu chuan dong hang dugce str dung phd bién nhét trong cac nghién ciru
vé bai toan dong hang toan cuc mang tuong tac protein dugc trinh bay nhu dudi day:

Tiéu chuainGNAS duoc Aladaggisi thidu duge tinh theo cong thire sau:

alf(EDl + (1 = a) Xyev, similar (u, f(u)) (4.1)

trong d6 a € [0.1] 1a tham sb, similar(u, f(w)) 1a &6 do twong tu trinh tir ndo do, chang han,
BLAST bit-scores hay E-values. Uu diém ctia d6 do GNAS 1a thé hién duoc ca mdi twong quan vé
Topology va do twong dong vé trinh tu giita 2 d6 thi dugc dong hang.

Kuchaiev va cac cong sudé xuat dung d6 do EC, Patro va cac cong su dé xuit dung d6 do

ICS:
sc -/ (E)) (4.2)
)|
o &) (4.3)
[EG,LF (7))

trong d6 E (G,[f (E1)]) 14 tap canh trong G, ctia d0 thi con c6 tap dinh 1a £ (V,).
Saraph va cac cong su nhan thay khi mat d¢ canh & hai mang khac biét thi hai do do nay

khéng pht hop nén dé xuit do do S°.

§ S (E) (4.4)
E|+[EG,LF)D|-|f(E)|

3.1.3. Dir liéu thuc nghiém
Viéc lwa chon cac bo dir liéu dé so sanh cac thuat toan rat quan trong. Bo dir liéu duogc sir
dung so sanh dé so sanh cac phwong phap déng hang dugc dé xuit 1a bo dit liéu IsoBase, day 1a bo



dir liéu thyc gdm 4 mang tuong tac protein dugc sir dung phd bién khi danh gia chat luong cac thuat
toan dong hang mang PPI. D6 1a cac mang tuong tac protein cta cac loai nhu: giun (caenorhabditis
elegans), rudi giam (drosophila melanogaster), khi (saccharomyces cerevisiae) va nguoi (homo
sapiens ). Cac mang tuong tac nay thu dugc tir [64]. Mo ta vé cac tap dir liéu nay duogc chi ra trong
bang 3.1. Tl cac bo dir liéu d6 ching t6i tao ra sau cip mang tuong tac dé dong hang (ce-dm, ce-

hs,ce-sc,dm-hs, dm-sc,hs-sc).

Béang 3. 1. M6 ta bg dir liéu
Tap dir liéu Ky hiéu S6 dinh S6 canh
C.elegans (Worm) ce 2805 4495
D. melanogaster (fly) dm 7518 25635
S.cerevisiae (yeast) sc 5499 31261
H.sapiens (human) hs 9633 34327

3.2. Mot s6 thuit toan déng hang toan cuc mang twong tic protein

Trong chuong 2 luan an da gidi thidu tong quan vé bai toan dong hang mang tuong tac
protein va gidi thi¢u mot sb thuat toan lién quan. Pé dé theo ddi va tién so sanh véi cac thuat toan
dé xuét, muc nay gidi thi€u mot sb thuat toan dong hang toan cuc tiéu biéu dugce st dung dé so sanh
véi céc thuat toan dé xuAt.

Thuat toan dong hang toan cuc dang chu ¥ dau tién 1a IsoRank duogc Sing va cac cong sy dé
xudt nim 2008, phat trién dwa trén dong hang cuc bd. IsoRank c6 ¥ tudng xudt phat tir thuat toan
PageRank ctia Google dé dinh nghia ham danh gia sy tuong déng. Y twdng chinh cua IsoRank la
hai nut duoc dong hang véi nhau, néu cac nat ké voi chiing twong tng dugc dong hang.

Ho cac thuat toan GRAAL bao gém GRAAL, H-GRAAL, MI-GRALL va sau d6 la C-
GRAAL dugc phat trién song song véi ho cac thuét toan ISORAnk dya trén két hop k¥ thuat tham
lam véi thong tin heuristics nhu: graphlet, hé sb phan nhém, d6 1ap di (eccentricities) va do tuong
tu (gia tri E-values tir chuong trinh BLAST). Cac thuat toan nay déu dua ra két qua nhanh va t6t
hon so véi cac thuit toan trude do.

Gan day hon 1a thuat toan GHOST, chién lugc dong hang cia GHOST ciing twong tu nhu cia
MI-GRAAL, ngoai trir viéc thuat toan MI-GRAAL giai bai toan quy hoach tuyén tinh dé tinh toan
do tuong tu gitra cac nut trén cac mang khac nhau, trong khi GHOST gidi bai toan quy hoach bac 2
theo phuong phap heuristic dé tinh toan d¢ tuong tu giita cac nit trong ciing mot mang.

Nhiing thudt toan da néu chi tdi uu cho d6 chinh xac (ham muc ti€u) hodc tinh kha mo. Vi
cac mang PPI thuong c6 sé dinh 16n nén ca tinh chinh x4c va tinh kha md (thoi gian chay) can duge
quan tam. St dung tiéu chuan GNAS, Aladag va cac cong sy [1] dé xuit thuat toan SPINAL cho 16i
giai tot hon cac thuat toan trudc d6 ca vé thoi gian va chét lugng 10i giai.

Gan day, Saraph va cac cong su dé xuét thuat toan MAGNA (2014) dua trén giai thuat di
truyén voi quﬁn thé ban dau khoi tao ngau nhién hoic két hop voi 101 giai dugce tim bdi cac thuat
toan nhu: IsoRank, MI-GRAAL va GHOST. MAGNA va phién ban cai tién MAGNA ++ [84]str
dung d6 do chat luong dong hang S°, thyc nghiém cho thay chung cai thién dang ké chét luong 10
giai cua cac thuét toan dugc dung dé khéi tao.

Somaye Hashemifar va cac cong su (2016) gioi thi€u 1 thudt toan t8i wu toan cuc mai tén 1a
ModuleAlign, thuat toan nay st dung thong tin t6i wu ciu trac cuc bd dé dinh nghia mt ham danh
gia tinh tuong dong dua trén module (module-based homology score). Dua trén mot thuat toan phan
cum chirc ning ctia cac protein c6 gan két vé mit chire ning vao trong cing module, ModuleAlign

10



sit dung mot co ché lap méi dé tim dong hang giita 2 mang. Cac thuc nghiém da cho thay
ModuleAlign cho két qua chat lugng déng hang tot hon mot s thuat todn dé xuat trudc do trong
mot sb truong hop.
3.3. Thuét toan nhanh gidi bai toan déong hang mang twong tiac Protein
3.3.1. Daic ta thuit toan

Thuat toan FASTAN gom hai giai doan: giai doan thi nhat xdy dung dong hang ban dau va giai
doan sau cai tién n6 nhe tha tuctdi vu cuc bd Rebuild.
3.3.1.1. XAy dung déng hang ban dau

Cho céc do thi G4, G,; tham sba va cac do tuong tu cua cac cap dinh <i,j> tuong Gng cua V;,V,
1a similar(i, j). Ky hiéu V' 1a tap cac dinh da dugc dong hang cta db thi G; va RV; = V; —V' 1a tap
cac dinh chwa duoc dong hang cia d thi Gi. Goi A= (V12, E2) 13 két qua ctia phép dong hang do
thi G, v6i 46 thi G,  trong  do Vi, ={<i,f(i)>ieV, fi)eV,};
E,={(<u, f)><v, f(v)>): () € E,,(f (), f (V) € E,

Thu tuc FASTAN duoc thuc hién nhu sau:

Buée 1. Xac dinh cdp dinh i € V; va j € V, c6 d6 twong tu similar(i, j) 16n nhat. Gan f(i):=j;

Buorce 2. Thuc hién lap voi k= 2 t6i1 |V

2.1. Tim node i € RV c6 s6 canh ndi vdi cac dinh trong V' 16n nhat (Thi tuc nay goi 1a
find next node).

2.2. Tim f(i) = je RV, ma khi dong hang j voi i thi cong thic a|f(E])| + (1 —
a)Qyevt similar(u,f(u)) + similar(i, j)) dat gia tri 16n nhat. Trong d6 E; 1a cac
canh cia d0 thi G, c6 cac dinh thuoc tap V'Ui. (Thu tuc nay goi la
choose_best matched node).

Buée 3. Thuc hién 1ap cai tiénA;,nhd thi tuc Rebuild.
Chu y réng & cac bude 2.1 va 2.2 ¢6 thé tim duoc nhiéu dinh #6r nhdt, khi d6 s& chon ngau
nhién mot dinh trong s do.
Sau khi xdy dung duoc dong hang ban dau FastAn chuyén sang giai doan 2. Trong giai doan
nay, thu tuc Rebuild duoc thyuc hién lip dé cai tién dong hang da co.
3.3.1.2.  Thi tuc Rebuild
Sau giai doan 1, da xac dinh dugc dong hang thé A, dé tang chit lugng cua 101 giai, thuat
toan st dung thu tuc t6i wu cuc bo rebuild. Y tudng cia thu tuc nay 1a sir dung mot tap giéng gom
Neep Nhiing cdp dinh da dugc dong hang tot ctia A}y, sau d6 dong hang lai cac cap dinh khac, néu 10
giai mdi tot hon s& thay thé cho 10 giai trudc d6. Chi tiét thi tuc rebuil nhu dudi day.
Buéce 1. Xac dinh tap SeedV;, cua V; gom Ngeepdinh coscore t6t nhat cua ¥, theo tiéu chi cho boi
cong thue 3.5:
score(u) = a X w(u) + (1 — a) x similar(u, f (u)) (4.5)
trong d6 u thudc V; va f(w) la dinh thudc V, dugc ghép voi u trongd;,,w(u) 1a sd luong nit v
thudc V; ma (u,v) thudc E; va (f(u),f(v)) thudc E,
Buoc 2. Xac dinh Vi, khoi tao nho SeedV,, va A4,
Bude 3. Thuc hién 1dp nhu burde 2 cua phase 1 vO1 k =Nyeep + 1 161 |V |dé x4c dinh A,
Sau mdi 1an thyc hién thu tuc Rebuild ta c6 mot dong hang méi lam input G,,cholan lap tiép
theo, qua trinh nay lap lai cho dén khi khong cai tién dugc GNAS(A ) nira.
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3.3.2. D¢ phirc tap ciia thuat toan FASTAN so véi SPINAL

Trongnghién ctru cta Aladag va Erten, céc tac gia ciing da dé xuét thuat toan SPINAL c6
do phuc tap voi thoi gian da thac la:

SPINALComplexity = 0<k><|Vl|><|V2|><Al x A, xlog (A, xAz)) (4.6)

Trong d6 k la s6 lan 1ap chinh khi chay thuat toan, A, A, 1an luot 1a bac cua dinh cua dinh
thudc cac do thi G; va G, ¢6 bac 16n nhét.

D@ dang kiém tra dwoc do phirc tap cta giai doan 1 va mdi budc lip trong giai doan 2 cia
thuat toan FastAn (S6 1an lap cua giai doan 2 trong thuc nghiém khong vuot qia 20 1an) 1a:

O(IVi[x(E1[+[E2]) (4.7)
Béi vi [Vi|xA; > E; nén chu y téi d6 phtc tap ctia SPINAL trong cong thic (3.6) ta co:
[Vi[X[Va[xA1xAy 2 Eyx Ep> (Vi [X(Ei [+[Ea)). (4.8)

Nhu vay do phirc tap ctia FastAn so véi do phirc tap ctia SPINAL thap hon nhiéu.
3.3.3. Két qua thuc nghiém
Ludn 4n so sanh thuat toan FASTAn va Spinal vé chat luong 10i giai va thoi gian chay. Két
qua thuc nghiém chi ra ring FASTAn c6 thé tim ra 10i giai (dong hang toan cuc) c6 diém GNAS va
E 12| tot hon nhiéu so véi Spinal (p-value <2.2¢'° dugc tinh st dung t-test dua trén két qua GNAS
valE1y| values ctia 100 lan chay) dbi véi ca 6 cip mang protein. Ngoai ra, két qua kém nhét cua
FASTAnN tir 100 lan chay di voi tt ca cac cap mang protein duoc dong hang déu tot hon cac két
qua dong hang tao ra boi Spinal.
Khi so sanh vé thoi gian chay, thuat toan FASTAn c6 thoi gian chay nhanh hon Spinal d6i voi
tat ca cac bo dit lidu.
3.4. Thuét toan ACO cho bai toan déng hang toan cuc mang twong tac Protein
3.4.1. Lugc d6 chung
Thuat toan ACOGNA dugc xay dung nhu dudi day:
Bude 1. Khéi tao ma tran vét mui, va tap A gém m kién.
Buéc 2. Thuce hién 1ap trong khi chua thod man diéu kién dung

V6i mdi kién ta tién hanh céc bude sau:

2.1. Gan f{i)=j trong d6 i, jla cap dinh c6 do twong ddng similar (i,j) 16n nhat.

2.2 Thyc hién ldp véi k= 2 t6i ||

2.2.1. Tim dinhi € RV} ¢6 s6 canh t6i cac dinh trong 7'lon nhat;
2.2.2.Tim dinh f{i)= ] € RV theo thu tuc budc ngiu nhién (thii tuc antMove)

2.3. Thyc hién tim kiém cuc bo trén 15i giai tot nhat do cac kién tim duoc dé cai thién chat
lugng 101 giai.

2.4. Cap nhat lai 1oi giai t6t nhét.

2.4. Cap nhat vét mui theo quy tic SMMAS dua trén 10i giai tot nhat.

Buée 3. Luu lai 101 giai tt nhat.

Chu ¥ ring & bude 2.2.1, viéc tim i € RV ¢6 sé canh t6i cac dinh trong V' 16n nh4t nhim
tang ) lugng céac canh co thé duoc bao toan sau khi dong hang, néu tim duogc nhiéu dinh tbt nhat
thi s€ lua chon ngéu nhién mot dinh tim duge dé dong hang.

3.4.2. DO thi cu tric
D6 thi cdu tric ctia thuat toan gdm 2 tang, ting thir i thé hién do thi G; . Cac dinh & ting trén
duogc két nbi voi tat ca cac dinh & téng dudi. Hinh 3.4 thé hién dd thi cdu tric cta thuit toan
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ACOGNA. Khi xay dung 15i giai, kién s& xuat phat tir mot dinh thudc ting 1 va Iya chon dong hang
v6i 1 dinh thudc tang 2 theo cong thirc (3.10).

S, @,

GZ

Hinh 3. 1. D6 thi c4u tric cta thuat toan ACOGNA

Mot dong hang toan cuc cia 2 dd thi theo dinh nghia 1 1a mdt duong di xuét phat tir 1 dinh cua
G, dong véi 1 dinh cua G, sau do quay lai G 16i tiép tuc dong voi 1 dinh cua G, , lap lai cho téi
khi tit ca cac dinh ctia G, dd dugc dong hang.

3.4.3. Vét mui va thong tin heuristic

Vét mui T} trén canh <i,j> dong dinh i eV, véi dinh j e V, dugc khoi tao béng Tmax Va sau
d6 dugc cép nhat lai sau moi vong 1ap theo cong thire 3.11

Thong tin heuristic n} duoc tinh theo cong thirc 3.9.

77;. =a*f(El*)+(1—a)*similar(i,j) 4.9)

Trong d6 f(El ) 1a s6 canh duoc bao ton néu tiép tuc dong hang dinh j véi dinh 7, o 1a hing sb
thé hién mdi twong quan giita do twong dong vé cau tric va tinh twong dong vé trinh tu,
similar (i, j) 1a d6 twong dong giira 2 dinh i va J.

3.4.4. Tha tuc buéc ngiu nhién dé xay dung déng hang

Tai mdi vong lap, sau khi chon mot dinh i € RV bang thu tuc find next node twong tu thuat

toan FASTAN, kién chon dinh j e RV, theo xac suit duogc cho boi cong thirc 3.10

. ) *[n'T
J ZkeRVZ(T/i)a *[7711]]) (4.10)

Sau khi lwa chon dugc dinh j e RV, dé dong véi i € R, kién quay lai Iya chon dinh tiép theo cia

d thi G, dé tiép tuc dong hang. Qua trinh lip lai cho dén khi tit ca cac dinh cua G, duoc dong hang
v61 cac dinh cua G,
3.4.5. Quy tic cip nhit vét mui

Sau khi tat ca cac kién da xay dung 10i giai, 10 giai cua kién tot nhit dwoc 4p dung tha tuc tim
kiém cuc bo dé tang chit luong 10i giai. Loi giai tot nhat nay dugc s dung dé cap nhat vét mui trén
cac canh theo quy tic cap nhat miui SMMAS, nhu dudi day:

7, =(1-p)r; + A} (4.11)
Al - { P* T TS

TPt J#E SO

Trong d0 Zyux V& Tyin 12 cac tham sb duoc cho trude, pe (0,1) 1a tham $b bay hoi cho trudc quy

(4.12)

dinh 2 thudc tinh, p nho thé hién viéc tim kiém quanh thong tin hoc ting cuong, p 16n thé hién tinh
kham pha.
3.4.6. Thii tuc tim kiém cuc b

Trong mdi vong lap, sau khi tit ca cac kién da xay dung xong 10i giai, 10i giai t6t nhat A, dugc
kién xay dung s€ dugc ap dung tim kiém cuc bd. Thu tuc tim kiém cuc bo duge cai tién tir tha tuc
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rebuilt trong FASTAN.

Diém khéc biét cia ACOGNA so voi FASTAN la khi chat lugng dong hang ting 1én khi goi thu
tuc dong hang cuc bo thi gia tri nkeep sé& dugc diéu chinh ting 1én dé giir dugc nhiéu cap dinh tot
hon va giam thoi gian xay dung lai cac dong hang.

3.4.7. Két qua thuc nghiém

Luén an so sanh thuét toin ACOGNA véi thuit toan FASTAn theo tiéu chudn GNAS va gia tri
|E1). Két qua thuc nghiém cho thdy trong tat ca cac truong hop thi thuat toan ACOGNA déu cho
cac két qua tot hon so véi thuat toan FASTAn ddi véi tiéu chuan 1a GNAS va ca gia tri [E1a].

Tién hanh thuc nghiém so sanh ACOGNA vdi thudt toan MAGNA++, cac két qua thuc nghiém
chi ra réng v6i tit ca cac gia tri cuia tham sb o va tat ca cac bo dit liéu, diém s6 EC cia ACOGNA
ludn ludn t6t hon MAGNA++.Véi tiéu chuin S° khi chay voi cac bd dir liéu dm-hs, dm-sc, hs-sc
voi tht ca cac gia tri cua tham sb o, thuat toan ACOGNA cho két qua tdt hon so véi MAGNA-++ khi
chay thut toan nay theo ca 3 tity chon tiéu chudn téi wu 1a EC, ICS va S°. Tuy nhién dbi véi 3 bd
dit liéu ce-dm, ce-sc, ce-hs MAGNA++ lai cho két qua tdt hon ACOGNA.

3.5. Thuat toain ACOGNA++
3.5.1. Mo ta thuat toan

Vi d6 thi cdu tric dugc xdy dung gidng nhu thuat toan ACOGNA, dé xay dung mot dong hang,
cac kién s& thuc hién qua trinhldp dé xac dinh 1 dinh thudc téng 1 ctia dd thi cdu trac va mot dinh
thudc ting 2 s& duoc dong hang voi nd. Qua trinh nay két thic khi tit ca cac dinh thude d6 thi G, da
dugc dong hang. Sau khi tat ca cac kién xdy dung xong dong hang, thu tuc tim kiém cuc bd s& duge
ap dung trén 10 giai t6t nhit cua vong lap dé nang cao chit lugng.

Tuy theo ti€u chuén t6i vu duoc lua chon la GNAS, EC hay S? , tiéu chuan dugc st dung dé lya
chon 16i giai tot nhét s& dugc thay doi twong tmg theo cac ham muc tiéu nay.

3.5.2. Vét mui

Vét mui luu thong tin hoc ting cuong dé danh gia mot cap dinh duoc dong hang 1a tét hay
khong. Thuat toan ACOGNA++ sir dung 2 ma tran vét mui. V&t mui Ti dat trén cac dinh cua dd thi
G, dé xac dinh cac dinh s& dugc wu tién lya chon dé dong hang trudc. Vét mui Tji dat trén canh (i)
cua do6 thi cau trac, dung dé xac dinh dinh ; e G, dugc dong hang véi dinhieG; . Cac vét mui dugc
khéi tao bfmg glatri T4, va dugc cép nhat lai sau mdi vong lap.

3.5.3. Thi tuc xac dinh cap dinh dong hang

Thu tuc nay g6m 2 budc, dau tién xac dinh dinh duogc dong hang trén dd thi G va sau do la
xac dinh anh cua no trén d6 thi G,.

Xac dinh dinh dwoc déng hang thudc d thi ngudn

Khac voi thu tucfind next node trong FASTAN va ACOGNA sir dung dé xac dinh dinh
i eRV|s& duoc dong hang. Thuét toan ACOGNA-++ st dung thuat toan ACO dé xac dinh dinh i
duoc dong hang nhu dudi day.

Goi tap T chira cac dinh i sao choi € RV, va c6 nhiéu canh ndi véi cac dinh cua V' nhét. Khi
do, dinh i € T duoc chon ngﬁu nhién theo xac suit:

PR G i U3

l Z/er ()" *[n, I
Trong d6 n; 1a sb luong dinh ké cta I trong d thi G, i la vét mui t dat trén cac dinh cua
db thi G, nhu dd mé ta & muc 3.5.2.

(4.13)
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Viée sir dung ACO dé tim dinh thudc do thi nguon duoc dong hang sé& gitip khai thac tét
thong tin hoc ting cudng thong qua vét mui ma cac kién dé lai. Piéu nay gitp cai thién chat lugng
101 giai t6t hon so vai cach lya chon ngiu nhién trong FASTAN va ACOGNA.

Xac dinh 4nh cia diém dwoce dong hang trén dé thi dich G,

Sau khi xac dinh duoc dinh iel{dinh jel,duoc cac kién lua chon theo x4c suét.

L @)
P e G (419

Khi chay thuat toan ACOGNA++ dé t8i wu theo ham muc tiéu GNAS thi thong tin heuristic
dugc st dung gidng thuat toan ACOGNA. Trong truong hop chay thuat toan ACOGNA++ t6i uu
theo ham muc tiéu EC, hoac S°, thong tin heuristicnj- lan luot duge tinh theo cac cong thuce 3.15
hoac 3.16.

 r(EGv o)

Y

l, |7 (BGv o)
e G [0 o[ (G o) (4.16)
3.5.4. Quy tic cap nhit vét mui
Sau mdi vong lap, 1i giai t6t nhit dugc xac dinh dugc sir dung dé cap nhat lai vét mui theo

(4.15)

quy tic cap nhat mui SMMAS.
Vét mui dat trén cac dinh cua do thi Gy duoc cap nhat theo cong thic 3.17 va 3.18:
i« (1 = p)tl + Aty (4.17)
Trong do
Ap, = { PTmin ,né'u <if@)> kh(“)ng c6 dinh ké ‘
o pTmaxn®u < i, f (i) > c6 it nhdt mot dinh ké
Vét mui dat trén cac canh cua do thi cdu triic duge cap nhat theo cong thirc (3.19) va (3.20)

(4.18)

7, = (- p)r) + A (4.19)
i _ p*Tmax jzf(l)
Ai= {p*rmm JEFAO) (4.20)

3.5.5. Thii tuc tim kiém cuc bd
Thu tuc tim kiém cuc bd cia ACOGNA++ duoc sir dung tuong tu nhu trong ACOGNA.
3.5.6. Két qua thue nghiém

Luén an tién hanh so sanh chét luong 161 gidi cua cac thuat toan theo cac tiéu chuin S°, GNAS,
EC. Thuat toan ACOGNA++ duoc so sanh v6i cac thuat toan ACOGNA, MAGNA++, va
ModuleAlign.

Diém moi clia thuat toan ACOGNA++ so véi ACOGNA 1a c6 thé ti wu theo cac ham myc tidu
khac nhau (twong tw nhu MAGNA++). Khi so sanh theo ham muc ti€u GNAS va EC, thi 2 thuat
toan ACOGNA va ACOGNA++ c¢6 chat luong tuong dong nhau con khi so sanh thuat toan
ACOGNA++ chay v6i tiéu chudn tdi wu 1a S°. Két qua thyc nghiém cho thdy thuat toan
ACOGNA++ cho chat lugng 101 giai theo ti€u chudn S° vuot troi so vai cac thuat toan con lai.
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Chuong 4. BAI TOAN DONG HANG
CAC MANG CAC VI TRI LIEN KET PROTEIN

Chuong nay giéi thiéu cac khai niém lién quan dén bai toan dong hang nhiéu do thi, mot cong
cu dé phan tich cdu tric protein. Bén canh dé gidi thiéu 3 thuat toan phat trién dua trén phuong
phap t6i wu héa dan kién: ACO-MGA, ACO-MGA2, ACOTS-MGA. Thuat toan dau tién ACO-
MGA dugc xdy dung dya trén phuong phap tdi uu dan kién thuan tay. Thuat toan ACO-MGA2
duoc xay dung dya trén lugc dd memetic theo 2 giai doan, giai doan dau chi sir dung ACO, khong
¢6 tim kiém cuc bo, giai doan sau c6 ap dung tim kiém cuc bd. Thuét toan thir 3 a4 ACOTS-MGA
c6 su két hop gitra thuat toan ACO va tim kiém Tabu theo luoc dd memetic dé tim 10i giai cho bai
toan dong hang nhiéu d6 thi.

4.1. Bai toan déng hang nhiéu do thi
4.1.1. Tap nhiéu dé thi (multigraph)

Mot multigraph 1& mot tdp hop cac dd thi G ={G(V,E))....,Gu(ViEy)}, trong docac do thi
Gi(V,E;) lién thong, dinh (node) dugc gan nhan thudc tap L cho trude, cac canh co trong sb biéu thi
khoang cach giita cac dinh. Trong mo hinh cac vi tri lién két protein (protein binding sites), cac
nhan cta cac nodes co thé 1a: hydrogen-bond donor, acceptor, mixed donor/acceptor, hydrophobic
aliphatic, va aromatic. Trong cac d6 thi 6 cac toan tir soan thao (edit operations) dugc dinh nghia
nhu sau.

Dinh nghia 4.1. (Cac toan tir soan thao) Trén cac dd thi G(V,E) cua tap d6 thi G c6 cac toan tir
soan thao:

i)  Cheén hodc x6a bdt cac nit: Mot nit v € V va cac canh lién két v&i no co thé bi xbéa hodc

duoc chén vao

ii) Thay d6i nhin ciia mot nat: Nhan [(v) ctia mot nat v € V ¢6 thé thay bang nhan khac thudc

tapL

iii) Thay doi trong s6 ctia mot canh: Trong s& w(e) ctia mot canh e co thé thay ddi tiy theo

nhitng hinh thé khac nhau.
4.1.2. Do6ng hang nhiéu dd thi
Cho tap 46 thi G ={G;(VLE))....,Gu(Vi,Ey)}, v6i moi tap dinh Vita thém vao nit dummy (ky
hi¢u lal ) khong c6d canh két ndi vé6i cac dinh khac, khi d6 mot dong hang cia G duge dinh nghia
nhu sau.
Dinh nghia 4.2. (Multiple Graph Alignment).
Tap Ac {V;U{L}} x ... x {FmU{L}} 1a mot dong hang cua da dd thi G néu va chi néu:
1. V&imoi i=1,...,n va véi mdi v € V;, ton tai diing mot a = (ay, ....a,) € Asao cho v = a;
2. Véimbia = (ay,...,a,) € A, ton tai it nhat mot / <i <n sao choa; # L
Hinh 4.1 minh hoa mét déng hang ctia mot 4-d0 thi véi cac dinh dummy dang hinh vuéng
va cac dinh c¢6 nhédn 1a cac 6 tron c6 nhan 14 cac k¥ tw. Luu ¥ rang mdi d6 thi chi dung mot dinh
dummy nhung dé dé hinh dung, d6 thi thi nhét va tht tu ta dé hai dinh c¢6 nhan dummy vé&i nghia
rang cac nut ¢ hang twong tng dugc dong véi nat dummy & do thi nay.
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Hinh 4. 1. Mot dong hang nhiéu do thi cua tip 4 do thi , dinh hinh vudng la dummy con cdc dinh
tron co nhan la cac ky tu twong ung.
4.1.3. Ham danh gia chit lwong dong hang
Dinh nghia4.3(Ham ddnh gid chit lwong dong hang)
V&i mdi dong hang A ciia da d6 thi G, ham danh gia chat luong s(4) duoc xac dinh theo
biéu thirc (4.1):
s(A)=Zns(ai)+ Z es(a’,a’) (5.1)
i=1 1<i<j<n
trong d6 ns 1a diém danh gia tinh phu hop ciia cot trong ting va duoc tinh theo biéu thirc (4.2):
ns, I )=l(a})
ns,, la;)#I(a)

i i (5.2)
1<j<ksm | 1S g @=L, ap #L

i i
S gy 4, #1l,a, =1

con es danh gia tinh tuong thich ctiia @6 dai canh va duogc tinh boi biéu thire 4.3):

i i
; ; €S (a,.a() € Ey,(a,,a] ) £ E,
a a . . S
1 1 i J Lo
. . €S (a,.a() & Ey,(a,,a] ) € E,
es||: |, = E -
1
; ; I<k<l<m | €S, d)<e
a, )\a )
ij
es, ~d)>¢

(5.3)

Trong cong thuc (4.3) d,l(]l = |W(a}'{) - W(alj)| .
Céc tham sO (nSm, NSmm , NSdummy > €Sm > €Smm ) duoc lay nhu trong [10]: nsy, = 1.0; nSpmm = -5.0; ns-
dummy = -2.5; €Sy = 0.2; espym =-0.1.

Loi giai can tim cua bai toan MGA 1a dong hang lam cuc dai ham danh gia s(A). Pay 1a bai
toan NP-kho, néu ding phuong phap vét can do phuc tap s& 1a O((Vmax)!™) v6i Vmax 1a s dinh
ctia d6 thi c6 nhiéu dinh nhat va n 1a s6 do thi.

4.2. Thuit toan ACO cho bai toan déng hang nhiéu dd thi
4.2.1. PO thi ciu tric
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G,

Gx

G;

“ (5T

Hinh 4. 2. D6 thi cdu tric khi dong hang n do thi, trong do méi do thi ¢6 2 hodc 3 node thuc
Do thi cau trac gdm n tang , ting thir i 1a do thi Gi cia G, cac dinh cuta tang trén déu c6 canh két

ndi véi cac dinh tﬁng dudi. Hinh 4.2 minh hoa dd thj ciu truc, trong d6 khong hién thi cic canh &
mdi do thi trong moi tﬁng, nut hinh tron 13 nit thue con nit biéu dién boi hinh vuong la nut dummy.
Mot dong hang ciia do thi theo dinh nghia 2 ¢ trén 1a mot tap dudng di tir G;qua moiting dén G,
sao cho mdi dudng chi di qua mot dinh ctia mdi tang va mdi dinh thyuc ciia do thi cau trac déu ¢
dung mot duong di qua, riéng cac dinh ao thi cho phép c6 nhiéu duong qua nd.Tap dudng di nay co
thé xem 1a chi 1 duong duy nhat nhu quan niém cua thuat toan ACO thong dung véi ngam dinh
rang duong nay khoi dau tir mot dinh cia G, di qua cac do thi ké tiép, khi dén tang dau hodc tang
cubi thi “budc” sang dinh khac cing ting roi quay lai cho dén khi qua hét moi dinh thyc mdi dinh
dung mot lan.
4.2.2. Thi tuc buéc ngiu nhién dé xay dung mot dong hang

Trong mdi bude lip, mdi con kién s& thuc hién lip qua trinh x4y dung cac vecto a =
(aj,...,a,)chomot dong hang A nhu sau.

Kién chon ngau nhién mot dinh thyuc trén dd thi cu trac va dua trén thong tin heuristics va
pheromone trail dé budc ngéu nhién xay dung 16i giai. Bé d& hinh dung, ta gia thiét dinh thyc nay ¢
G, (duoc ky hiéu 13 a;, kién s& budc ngiu nhién qua cic ting dé dén G, nhu sau. Néu kién di xay
dung dugc vec to (ay, ...,a;) trong do aq la dinh j trong G;j thi n6 chon dinh k trong Gi+; véi xac sut
cho béi cong thirc (4.4):

P T [’ﬁ:k(“)]ﬁ

= 5.4)

o
*

i i B
Sser Vi, Tis * [1hs(@)]

trong d6 R_V; 1a s6 dinh con lai chua dong hang trén V; ké ca niit dummy, Tji’k la cuong do
vét mui ctia canh ndi dinh j ctia G, téi dinh k ctia Gi1; , con n;:_k (a) 1a thong tin heuristics dugc tinh
boi cong thuce (4.5).
k la dinh thuc

NL(k,a)
ity ={ - Kladmah
Nmin k la dinh ao
trong d6 NL(k,a) 1a s6 dinh trong {ay,...a;} ¢6 nhan trung voi nhan /(k) cua dinh k, 17,,,;,, > 0
la gia tri da bé cho trude

(5.5)

Sau khi vecto a dugc phat trién hét thanh a=(a,, ...a,) thi cac dinh thyc trong a bi loai ra khoi
db thi cau trac dé tiép tuc 13p thi tuc dong hang cua kién dén khi moi dinh thuc di dwoc dong hang.
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Luu ¥ rang néu dinh thyc dugc chon ban dau khong thuéc G; ma 1a G,, thi thu tuc trén gom hai quéa
trinh dong dan tir G,t6i G, va dong nguoc tir G,, t6i G;
4.2.3. Qui tic cap nhat mui
Sau khi céc con kién di tim duoc 10 gidi, cac 101 giai ctia budc lap duge danh gia va chon
101 giai t6t nhat dé thuc hién tim kiém dia phuong cai tién chat luong roi thyc hién cap nhat mui.
Vét mui dugc cap nhat theo quy tic cap nhat mui SMMAS nhu trong cong thic 4.6 va 4.7:
T;k =(1- p)T;,k + A;‘,k (5.6)

p*r  (ijk)e bestsolution

Trong do: Aij,k = { (5.7)

p*r,..  (ijk)& bestsolution

Vi Tmax VA Tmin 14 cac tham s6 cho truéc.
4.2.4. Thi tuc tim kiém cuc bd

Thu tyc tim kiém dia phuong dugc ap dung cho 10i giai tot nhit theo nguyén tic tot nhét thi
dimg. Trong thu tuc ndy, cic cdp dinh cing nhin trong mdi dd thi G; dugc chon ngiu nhién s& ddi
chd cho nhau trong vecto dong hang ctia né dé cai thién do phu hop cia trong sb & cac canh lién
quan. Néu sau khi d6i chd, ham danh gia chit luong ting Ién thi 151 giai nhan dugc s& thay thé cho
161 giai tdt nhit va dung thu tuc tim kiém cua lan lap dé cap nhat mui.

Mot phép hoan vi hai dinh cung nhan A dugc minh hoa trong hinh 4.4, trong d6 cac veto
dong hang 14 vecto cdt, cac chif cai 1a nhin cta thanh phan twong tmg .

LEOEE - -

@R DEIE) = =

LWEOGEE) -
N, il

Hinh 4. 3. Mot hoan vi cidp dinh cé trong thi tuc Local Search
4.2.5. Két qua thwe nghi¢m
Luén 4n tién hanh thuc nghiém so sinh ACO-MGA véi hai thuat toan Greedy va thuat toan

tién héa GAVEO vé chét luong 101 giai va thoi gian chay. Dit lidu thuc nghiém dugc sinh ngiu
nhién 1a cic tap d6 thi voi cac dd thi co 20 va 50 dinh, s6 d0 thi lan luot 1a 4,8,16 va 32. Cac thyc
nghiém cho thay chat luong 151 giai vuot trdi cia ACO-MGA so voi GAVEO va thuat toan Greedy.
Ngoai ra, thoi gian chay cia ACO-MGA ciling nhanh hon GAVEQ, va khi cho chay 2 thuat toan
ACO-MGA va GAVEO trén cing bd dir liéu trong ctiing khoang thdi gian thi chat luong 16 giai ciia
ACO-MGA ciing luén cao hon GAVEO.
4.3. Thuit toan Memetic giai bai toan dong hang nhiéu do thi
43.1. Luwgc dd chung

Pau tién thuit toan khoi tao cac tham sd va cac kién nhan tao. Sau budc khoi tao, thuat toan
ACO-MGA2 thyc hién cac vong lap theo 2 giai doan nhu moé ta trong thuat toan 4.1.

Giai doan dau (4p dung cho 70% vong lip dau tién), trong mdi vong lap, cac kién xay dung 1oi
giai trén do thi cdu trac dya trén thong tin heuristic va vét mui. Sau d6 10i giai tot nhat cia cac kién
dugc lya chon dé cap nhat vét mui theo quy tac cdp nhat mui SMMAS, déng thoi cap nhat lai 101
giai tot nhat toan cuyc.
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Giai doan 2 ctia thuat toan (ap dung cho 30% sb vong lip cudi ciing). Trong mdi vong lap, sau
khi cac kién xay dung xong cac 10i giai, 2 k¥ thuat tim kiém cuc bo duoc ap dung dé tim 10i giai tot
nhat ciia mdi vong lap.

Thuat toan 4. 1: Thuat toan ACO-MGA2
Input:Tap cac do thi G ={G(V1,E))....,Gu(ViEy)
Output: Dong hang tot nhét cho tap do thi G: Ac (v {J-}) x..x (¥, {J-})
Begin
Khéi tao;
while (Chwa thoa mén diéu kién dung) do

for eacha € A do
Kién a xdy dung mot dong hang cho tap cac d thi;
Tim kiém cuc b trén 10 giai t6t nhat //Chi 4p dung & giai doan 2
//Tim kiém bang cach d6i vi tri cua cac dinh khac nhan.
//Tim kiém bang cach d6i vi tri ciia cac dinh cing nhdn.  Cép  nhat
vét mui theo quy taicSMMAS;
Cap nhat lai 101 giai tot nhat;
End while;
Luu lai 101 giai tot nhat;
End;
4.3.2. DO thi cAu tric
D6 thi cau triic cta thuat toan ACO-GMA?2 duoc sir dung gidng nhu thuat toan ACO-MGA.
4.3.3. Vét mui va thong tin heuristic

Thong tin Heuristicn}k (a)duogc tinh boi cong thuc4.§.

count®, @) +1 4 s 4 real node

i (5.8)

! k is a dummy node
n*Vmax

Trong d6 count(k,a)la s6 luong dinh trén véc to {a,...a;} c6 nhin tring v6i nhin cua dinh k

n_’/'.’k(a) =

trong truong hop k 14 dinh thyc, Vmax 14 s6 luong dinh ciia do thi c¢6 nhiéu dinh nhat..
4.3.4. Thii tuc buéc ngiu nhién xidy dung mot déng hang

Tai mdi vong lap, mdi kién s& 1ap lai qua trinh xay dung véc toa = (ay, ..., a,)cho dong hang A
nhu sau.

Kién chon ngau nhién mot dinh thuc chua dugc dong hang tir dd thi ciu trac 1am dinh xuét
phat. Kién tiép tuc dua trén thong tin heuristic va vét mui dé tudn tu xac dinh cac dinh dugc
dong véi dinh xuat phat trén cac d6 thi & cac tang tiép theo. Cac dinh nay dugc lya chon mot
céch ngiu nhién véi xac sudt duge cho boi cong thire 4.5 tuong tu nhu thuat toan ACO-MGA.
4.3.5. Qui tic cAp nhat vét mui

Viéc cép nhat mui ctia thudt toan ACO-MGA2 cai tién so voi thuat toan ACO-MGA &
diém thuét toan ACO-MGAZ2 sir dung 2 tham sb p & 2 giai doan khac nhau. Giai doan dau khong
sir dung tim kiém dia phuong nén tham s6 p dugc thiét 1ap nho hon dé khai thac thong tin hoc
tang cudng, con giai doan 2 khi ap dung tim kiém cuc bo thi tham s6 nay dugc thiét 1ap 16n hon
dé tang tinh kham pha.
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4.3.6. Thu tuc tim kiém cuc bd

Thu tuc tim kiém cuc bd thuc hién tuan tu trén do thi G; dén dd thi G, theo nguyén tac tim
duge két qua tot nhat thi dimg. Tha tuc nay gém hai k¥ thuat: doi cdc dinh cing nhan va déi cdc
dinh khac nhan.

1) Péi cdc dinh khdc nhan. Doi vi tritrén cap vecto dong hang twong tmg véi mdi cip dinh
khac nhén cua do thi G; dang xét néu viéc d6i chd d6 lam ting s6 luong cac dinh ciing nhin trén
cac vector dong hang.

2) Poi cdc dinh cing nhan. Doi vi tritrén cip vecto dong hang twong tmg véi mdi cip dinh
tcung nhan cua dd thi G; dang xét néu viéc dbi vi tri d6 cai thién do phu hop cua trong sb & cac
canh lién quan.

Néu sau khi d6i chd, ham danh gia chat lwong ting 1én thi 1i giai nhan dugc s& thay thé
cho 10i giai t6t nhat lac d6. Qua trinh nay dugc 1ap lai cho dén khi tim dugc 10 giai tot nhat.

Vi thu tuc tim kiém cuc bé ton thoi gian nén chi ap dung cho giai doan hai, khi 10i giai tot
nhét tim duoc du tdt.
4.3.7.Cac két qua thue nghiém

Lu4n 4n tién hanh thuc nghiém so sanh ACO-MGA?2 v6i hai thudt toan Greedy va thudt toan
tién hoa GAVEO vé chét lugng 101 giai va thoi gian chay trén cac bd dit liéu thuc bao gém 74 chu
trac sinh ra tir co s& dir liéu Cavbase.

Cac thuc nghiém cho théy chét luwong 101 giai vuot trdi cia ACO-MGA so véi GAVEO2 va
Greedy. Thoi gian chay cia ACO-MGA2 ciing nhanh hon GAVEO véi cac bo dir liéu gom 4,8 va
16 d thi, va chi cham hon GAVEO ddi véi bd dit liéu gdm 32 d6 thi. Tuy nhién khi cho chay 2
thuat toan ACO-MGA2 va GAVEO trén cung b dir liéu trong cing khoang thoi gian thi chat lugng
101 gidi cia ACO-MGA2 luén cao hon GAVEO.

4.4. Thuéat toin memetic mai
4.4.1. PO thi clu tric

Do thi cau triic cta thuat toan ACOTS-MGA dugc st dung giéng nhu thuat toan ACO-MGAZ2.
4.4.2. Thong tin heuristic

Heuristic information n;'-,k (a)1a s6 diém canh tinh theo cong thuc (4.3) khi dinh k cta d6 thi Gy
duoc dong véi dinh j ctia do thi Gi
4.4.3. Thii tuc buéc ngiu nhién xdy dung mot déng hang
Tai méi vong liap, mdi kién s& liap lai qud trinh xdy dung cic vector déng hang
a = (aj, ..., a,)cho dong hang A nhu sau.

Kién lya chon ngﬁu nhién mot dinh thuc & tﬁng 1 Ia dinh khéi tao. Tai cac tﬁng tiép theo, ky
hiéu label(a)la tdp cac nhan cua cac dinh thugc vector dong hang a, goi
B, ={ve G, |label(v) € label(a)} 1a tap cac dinh thuoc do thi G; co nhin tring voi nhin ciia cac
dinh thudc vector dong hang. Trong truong hgp khong cé dinh nao c¢6 nhan trung véi nhan cia cac
dinh da dugc dong hang. B; s€ 1a tip cac dinh con lai chua dugc dong hang. Kién s& lya chon ngau
nhién 1 dinh trong B; v6i xac suat dugc cho & cong thirc 4.9.

Pé dé& hinh dung, gia sir vector dong hang da dugc xay dung tir dinh a;ctia dd thi G;va thuc hién
thi tuc budc ngau nhién dé phat trién dén dinh ajciadd thi Gikhi d6 s& lya chon dinh tha k thudc do
thi G +1 voi x4c suét la:
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b= (7)1, ()
j!k ZSEBM (T.;’S )a * [ 77;',5 (a)]ﬁ

Sau khi xay dung day du vector a=(ay,...,a,),cac dinh thyc thudc vector niy sé& bj loai bo khoi

(5.9)

dd thi ciu trac dé tiép tuc qua trinh xdy dung cac vector dong hang cho dén khi tat ca cac dinh déu
dugc dong hang.
4.4.4. Qui tic cAp nhat vét mui

Khac véi thuat toan ACO-MGA2, viéc cap nhat mui cia ACOTS-MGA duoc thuc hién theo cac
cong thirc 4.10 va 4.11.

T, =(-p)r,, +A, (5.10)
p*r,  (ijk)e gbest solution
AN =1p%7,,  (ijk) e ibest solution (5.11)

p*t, . otherwise

Céc tham sb Tnaxs Tmin VA PE (0,1) dugc khai tao twong ty nhu thudt toan ACO-MGA2. Trong
thuat toan ACOTS-MGA chiing t6i sir dung thém tham sb 7,;,dé cap nhat mui trong truong hop 10i
giai méi ma cac kién tim duoc 1a 101 giai tot nhat ciia vong lap nhung chua phai 14 10i giai t6t nhat
toan cuc. Tham s6 nay duoc thiét 1ap nhé hon 7., v6i ¥ nghia 1a 10 giai tot nhat toan cuc s& d¢é lai
luong vét mui 16n hon so véi 10i giai tot nhét ciia vong lap.

4.4.5. Thia tuc tim kiém Tabu

Trong cac vong lap cudi cta thuét toan ACOTS-MGA, thuét toan Tabu Search dugc ap dung dé
tang cudng chat lwong 10i gii.

Thu tuc tim kiém Tabu s& duyét lan luot cac dinh cta cac dd thi, vdi mdi dd thi s& thuc hién viée
hoan vi cac cdp dinh trén cc vector dong hang. Néu viéc hoan vi ndy lam ting diém danh gié thi 10
giai tot nhat s& duoc cap nhat bfmg 161 giai hién tai. Khac véi tha tuc tim kiém thong thuong, thu tuc
Tabu Search nay c6 sit dung mot danh sach Tabu dé luu lai cac budc chuyén. Cac bude chuyén nam
trong danh sach Tabu s& khong dugc xét lai nita dé tranh l3p lai cac budc chuyén.

M6t khac biét nira so voi thuat toan ACO-MGA2 1a tha tuc local search cia ACO-MGA?2 chi
duoc goi mot lan trong moi vong lip, con trong thuat toan ACOTS-MGA, thu tuc tim kiém duoc
goi 1ap lai nhiéu lan cho dén khi khong cai thién duoc chat lugng 101 giai nita.

4.4.6. Cac két qua thue nghiém

Lu4n 4n tién hanh thuc nghiém so sanh ACOTS-MGA véi cac thuat toan Greedy, GAVEO va
ACO-MGA2trén céc bo dit liéu thuc bao gdm 74 céu tric sinh ra tir co sé dit liéu Cavbase.

Céc thuc nghiém cho théy chat lugng 101 gidi vuot troi cia ACOTS-MGA so véi cac thuat toan
con lai. Thoi gian chay cia ACOTS-MGA nhanh hon GAVEO va ACO-MGA?2 véi cac bo dir liéu
gdm 4,8 d6 thi, va chi chdm hon GAVEO va ACO-MGA2 d6i voi bo dit liéu gdm 16 va 32 dd thi.
Tuy nhién khi cho chay cac thuat toan trén ciing bo dir lidu trong cung khoang thoi gian thi chét
lwong 101 giai cia ACOTS-MGA 1uén cao hon cac thuat toan con lai.

22



KET LUAN

Trong thuc té, ta thuong gap rat nhicu bai toan t6i wu to hop. Hién nay dé giai cac bai toan nay
nguoi ta thuong nghién ciru dé xuét cac thuat toan dé giai cac bai toan nay dya trén cac k¥ thuat
tinh toan mém. Ludn 4n da trinh bay cac khai niém lién quan dén bai toan téi wu to hop va cac ky
thuat tinh todan mém. Trong d6 tap trung trinh bay chi tiét vé phuong phap toi wu hoéa dan kién,
phuong phap dugc chiing toi sir dung chi yéu dé dé xuét cac thuat toan moi.

Luan an ciing da trinh bay vé 2 bai toan cd ¥ nghia rat 16n trong linh vyc tin sinh hoc 14 bai
toan dong hang mang twong tac protein va bai toan dong hang dong thdi nhiéu mang cac vi tri lién
két protein. Vi viéc phan tich ddc diém cua cac thuat toan méi nhat giai quyét cac bai toan nay,
chung toi da dé xudt cac thuat todn méi giai quyét hidu qua cac bai toan trén.

D6i voi bai toan dong hang mang tuong tac protein, chiing t6i dé xuat cac thuat toan mai theo
hudng tiép can dong hang toan cuc. Thuat toan thir nhat 1 thuat toan FASTAN cho phép dong hang
nhanh va cho chét luong 10i giai tdt so v&i cac thudt toan méi nhat hién nay. Thudt toan nay phu
hop vdi cac mang tuong tac protein co kich thudc 16n va yéu cau thoi gian gidi bai toan nhanh. Tuy
nhién khi ting thoi gian chay thuat toan thi chat lugng ciia FASTAN duoc cai thién khong nhiéu.
Dé khic phuc nhugce diém trén cia FASTAN, chiing t6i tiép tuc d& xuét thuat toan giai bai toan
dong hang toan cuc mang tuong tic protein dua trén phuong phap tdi wu hoa dan kién c6 tén la
ACOGNA. Cac két qua thyc nghiém trén cac bd dit liéu sinh hoc thuc da chirng minh nhiing hiéu
qua ndi troi cia phuong phap ACOGNA so voi cac thudt toan trude do theo cac tiéu chuin GNAS,
EC, tuy nhién v&i tiéu chuin S’ thudt toan ACOGNA con cho chét lugng 16i giai kém hon so voi
thuat toan MAGNA-++. Thuét toan ACOGNA++ dugce d& xuit sau d6 cho phép thay déi ham muc
tiéu theo cac tiéu chuan dong hang khac nhau va sir dung thuét toan kién trong ca 2 giai doan xéac
dinh thir tu cac dinh trén dd thi nguén va xac dinh anh cta né trén d6 thi dich. Vi vay cho chat
luong 16 giai tot hon ACOGNA, ModuleAlign, MAGNA-++ dbi véi tat ca cac bo dit liéu.

Vi bai toan dong hang nhiéu mang cac vi tri hoat tinh protein, luén an dé xuét 3 thuat toan dé
giai bai toan nay la thuat toan ACO-MGA, ACO-MGA2 va ACOTS-MGA. Thuat toan ACO-MGA
dua trén phuong phap tdi wu hoa dan kién dé giai bai toan dong hang nhidu mang. Céac két qua thuc
nghiém dua trén cac bo dit li€u mo phong da ching minh hiéu qua ndi troi cta thuét toan nay so voi
cac thuat toan GAVEO va thuat toan heuristic dé giai bai toan nay. Nghién ciru dic tinh bién thién
vét mui cua céac thuét toan ACO, trong thuat toan ACO-MGAZ2, chung t6i ap dung lugc dd memetic
cho thuat toan. Trong do vét mui cua thuat toan ACO dugc cap nhét theo 2 giai doan khac nhau.
Giai doan dau tham s bay hoi dugc thiét 1ap nho dé khai thac thong tin hoc ting cudong. Giai doan
nay khong ap dung tim kiém cuc bo. Giai doan 2 c6 st dung tim kiém cuc bd nén tham s bay hoi
duoc thiét lap 16n hon dé tang tinh kham pha cua thuat toan. Cac Kkét qua thuc nghi€m trén cac bo
dir liéu thuc da cho théiy nhiing uu diém noi troi cta thuat toan mai dé xuit nay so voi cac thuat
toan trude d6. Thuat toan ACO-MGA?2 c6 nhuoc diém 13 khi ap dung tim kiém cuc bd, viéc hoan
ddi vi tri gilta cac dinh bi 1ap lai trong cac lan goi khac nhau, vi vay luan an dé xuét thuat toan
ACOTS-MGA sir dung két hop phuong phap ACO va tim kiém Tabu theo luge ¢6 memetic. Thuat
toan Tabu search st dung dé thay thé cho thuat toan tim kiém cuc bd trong ACO-MGA?2 st dung
danh sach cAm dé tranh xét lai cac budc chuyén di xét truée d6. Ngoai ra trong ACOTS-MGA, con
c6 su cai tién trong cach xac dinh thong tin heuristic va thu tuc bude ngiu nhién xay dung mot dong
hang. Cac thyc nghiém trén bd dit liéu thyc da chung minh nhiing vu diém nbi troi cua phuong
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phap nay so véi cac phuong phap dé xuat trude do.
Céc két qua nghién ctru di dugc cong bd trong 5 bai bao cong bo tai cac hodi nghi qubc té
cling nhu trong nudc c¢d phan bién, trong d6 c¢6 3 bai dugc dua vao danh muc Scopus.
Trong tuong lai chung t6i s& tiép tuc nghién ciru siu hon vé cac phuong phéap tinh toan mém dé
dé xuit cac thuat toan mai hiéu qua hon cho céac bai toan mang tinh thoi su khac trong linh vuc tin
sinh hoc va linh vuc mang xa hoi.
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