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LOI CAM POAN
T61 xin cam doan day la cong trinh nghién ctru cua riéng t61 dudi su
huéng dan cia TS. S Puc Pong. Cac két qua duoc viét chung véi cac tac
gia khac déu duoc sy dong ¥ ciia dong tac gia trudc khi dua vao luan van. Cac
két qua thuc nghiém néu trong luan van déu 1a chinh x4c va chua timg dugc
cong bé.
T6i hoan toan chiu trach nhiém vé tinh phép 1y ctia luan vin nay.

Thai Nguyén, thang 7 nam 2016

Hoc vién thuc hién

D6 Xudn Quyén
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Loi dau tién, em xin bay to su biét on siu sac dén TS.DS Puc Pong
nguoi dd tan tinh huong dan, chi bao, giup d& em trong subt qua trinh lam
luan van.

Em ciing xin gti 10 cam on dén cac thay cb gido trudng Pai hoc Cong
nghé thong tin va Truyén thong - Pai hoc Thai Nguyén, cic thay co Vién
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To6i cling xin gui 161 cam on t6i S& Giao duc va Pao tao Hai Phong, Ban
giam hiéu truong THPT Quang Trung Hai Phong da tao diéu kién thuan loi
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Cubi cung, toi xin giri 10i cam on t6i cac dong nghiép, gia dinh va ban bé
nhitng ngudi da ung ho, dong vién tao moi didu kién gitp d& dé t6i co duoc

két qua nhu ngay hom nay.
Thai Nguyén, thang 7 nam 2016

Hoc vién

D6 Xudn Quyén
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DANH MUC CAC Ki HIEU, CHU CAI VIET TAT

Can trén cua vét mui

Tmax

Tomin Cdn dudi cuia vét muii

Tomid Cdn giiza cia vét mali
T Vét mui dwoc khéi tao ban dau
Ty Vét mui trén canh (i, )

N, S6 vong lap trong thudt todn ACO
N, Sé kién sir dung trong thudt todn ACO

p Tham s6 bay hoi
3-LAS Three-Level Ant System (Hé kién ba mirc)
ACO Ant Colony Optimization (T6i wu dan kién)
ACS Ant Colony System (H¢é dan kién)
AS Ant System (Hé kién)
CRM Cis-Regulatory Module (M6-dun diéu tiét)
EC Evolutionary Computing (Tinh todn tién hod)
GA Genetic Algorithm(Thudt todn di truyén)
G-best Global-best (Loi gidi tot nhdt tinh dén thoi diém hién tai)
I-best lteration-best (Loi gidi tot nhat trong bude ldp hién tai)

MLAS Multi-level Ant System (Hé kién da mirc)

MMAS  Max-Min Ant System (Hé kién Max Min)

SA Simulated Annealing (Thudt toan mé phong luyén kim)
SMMAS  Smoothed Max-Min Ant System (H¢é kién Max Min tron)
Neep S6 miit can giir lgi

SeedVi, Tdp nit da dong hang thuée do thi G,
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MO DAU

Tin sinh hoc 1a mét linh vuc khoa hoc méi rat dugc quan tdm trong hon
thap Ky gan day, véi sy phat trién cua khoa hoc cong nghé, méi lién két gitra
sinh hoc va tin hoc trd 1én khing khit hon, Tin hoc hd tro cho viéc giai quyét
cac bai toan véi dir liéu 16n caa Sinh hoc, dong thoi d6 ciing 1a mot huéng
phat trién mai cua nganh Tin hoc vé giai thuat va ang dung.

Doéng hang hai d6 thi 1a mot bai toan quan trong trong 1y thuyét d6 thi,
no6 gitp ching ta xac dinh tinh twong déng cua hai do thi. V& mat sinh hoc nd
gitip xac dinh tinh tuong dong giita cic mang tuong tac protein.Hién nay c6
nhiéu tiéu chi vé cach danh gia cho dong hang. Mot cach danh gia thuong
duoc st dung hién nay 1a danh gia dua trén luc lugng caa tap canh (Su tuong

d6ng Vé cau tric) va su tuong dong giita cac nut.

Doéng hang hai d6 thi dugc Aladag va Erten chirng minh 1a bai toan
thuoc 16p NP-kho [4] va c6 nhiéu ung dung. Pic biét, trong nhitng nim
gan ddy, v4i sy phat trién cia cac ky thuat sinh hoc cong nghé cao da cho
phép cac nha nghién ctru xdy dung dugc cac mang tuong tac protein
(Protein-Protein Interraction Network — PPI Network) twong doi day du
cho nhiéu loai sinh vat. Bai toan dong hang mang PPI 1a mot bai toan quan
trong trong phan tich mang PPI n6i chung.Cdc mang twong tdic protein
dwoC mé ti bang do thi, bai todn déng hang mang dwoc chuyén tdi vé bai

todn déng hang do thi.

Phuong phép toi wu dan kién (Ant Colony Optimization - ACO) la cach
tiép cAn metaheuristic , duoc gidi thiéu bdi Dorigo nam 1991 dang duoc
nghién ciru va tng dung rong rdi cho cac bai toan tdi wu td hop kho.

Chinh vi vy tac gia chon dé tai khoa hoc phwong phdp t6i wu dan

kién déng hang hai dé thi. Thuc nghiém, tac gia s& st dung bo dit liéu vao
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(Input) ma Spinal va FastNA d3 dung, tir 6 s& danh gia va so sanh két qua ra
dé thay duoc hiéu qua cua phuong phap tac gia dé xuat voi nhitng phuong
phap co trudc, cu thé 1a so sanh véi hai phuong phép tét nhat hién nay Spinal

va FastNA.
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CHUONG I
DONG HANG HAI PO THI VA CAC PHUONG PHAP TIEP CAN
HIEN NAY

1.1. Bai toan déng hang hai d thi

Gia sa G; = (V4,Ey) va G, = (V,,E,) 1a hai mang tuong tac protein
(don d6 thi), trong d6 Vy, V,ky hiéu tap cic nit mo ta cac protein trong mang
Gy, G, tuong ung;E;, E; ky hiéu tap cac canh mo ta mdi quan hé tuong tac
giita cac protein trong cac mang Gy, G,. Khong giam tong quat, ta xem
[Vi| < |V,| trong d6 |V| k¥ hiéu sb phan tir cta tap V.

Déng hang mang 1a tim mot don anh tir V;vao V, t6t nhét theo mot tiéu
chi ddnh gid nao d6. Hién nay chua c6 dinh nghia rd rang cho ti€u chi nay,
dudi day phat biéu toan hoc cho dinh nghia bai toan dong hang theo tiéu chi

thong dung da dugc dung trong [4,5,6,12,27].

Pinh nghia 1. (Déng hang mang) D6 thi Ay, = (Vy5, E12) 1a mot mang
dong hang cua hai d6 thiG;, G, néu no6 théa man:
i) MObi nut cua V;, duoc ky hiéu 1a < u;, v; > tuong (mg voi mot cap
dinh u; thu¢c V; va v; thudc V.
ii) Hai nit phan biét< u;,v; > va < uy, v > thudc Vipthiu; # u; va
* v,

iii) Canh(< w;, v >, < ulf,vj' >) thudc E;, néu va chi néu (u;,u;) € E;
va (v;,v;) € E,.

Dinh nghia 2. (Déng hang mang toan cuc) Mot dong hang A, =
(Vi2,E12) 1a 101 giai cua bai toan dong hang toan cuc cua cac mang proteins
Gy, G, néu n6 cuc dai global network alignment score cho boi Eq(1.1):

GNAS(Ap) = alEp| + (1-a)2v<ui'vj> similar (u;, v;) (1.1)
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trong d6 a€ [0,1] 1a tham s& can bang giira su tuong déng Vé t6 pd
Mang va sy twong dong trinh ty gilta cac nit, gid tri Similar (u;, v; )dugc tinh
xép xi dua trén BLAST bit-scores hodc E-values.

Trong [4] Aladag va Erten da chimg minh bai toan tim dong hang tdi
uu nay la NP-hard.

1.2. Mot s6 phwong phap tiép cin hién nay

Tur khi bai toan dugce dé xuat, cac ki thuat dong hang mang PPI phat
trién theo hai huéng: dong hang cuc bd va dong hang toan cuc. Voi dong
hang cuc bd, muc tiéu s& 1a xac dinh cac mang con gan nhau vé to pd mang
hodc tuong tu xau [11,23,27]. Thong thuong, két qua caa dong hang cuc bo s&
thé hién nhiéu mang con chong lan nhau, diéu nay co6 thé dan dén su nhap
nhang khi mot protein co thé dugc dong hang vai nhiéu protein khac. Bé khac
phuc nhuoc diém d6 dong hang mang toan cuc $& tim ra mot don 4nh ma mdi
protein cia mang PPI nay chi dong vai mot protein & mang PPI kia.

IsoRank [4,28] dugc Sing et al. d& xuat nam 2008 1a mot trong nhiing
thuat toan déng hang mang toan cuc dau tién, nd duoc phat trién dya trén
dong hang cuc bd. Y tudng chinh cia IsoRank 13 hai nat duoc dong hang voi
nhau, néu cac nat ké véi chingtwong (ng dugc dong hang. Thuat toan bao
gom hai giai doan chinh, thir nhat thuc hién véi méinati (i € Vi|i = 1..|V])
phai duyét tat ca niit j (j € V3| j = 1..|V,|) dé timdiém sodéng hang Rij cho
tung cdp nat 1 va j, theo

1
Ri i = 'Ruv
. ue%%i) vg(:i)l NU)[.[N(V)|[

& cong thire trénN(x) 1a tap tat ca cac nut lang riéng cua x. Két qua cua giai

(1.2)

doan nay cho ta mot ma tran gia tri (diém so dong hang)R tuong Gtng véi moi
cap nut<i,j> (i € V;,j € V,).Giai doan tha hai, tir ma tran R tim ra mdt cach

sap xép (ghép) ting cap i,j (i € V;,j € V;) sao cho tong diém sé dong hang 13
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t6t nhat.Viéc nay duoc cho 1a don gian vi né chi 1a cach sap xép hai dd thi dua
trén muc do tuong tu gitta cac nut.

Sau IsoRank, mot sb thuat toan tuwong tu da duoc dé xuat nhu PATH
va GA [35], PISwap [6,7] nho dua thém cac ndi long thich hop cia ham danh
gia trén tip cac ma tran ngau nhién hoic wng dung tim kiém cuc bo trén dong
hang 10i giai ¢ sin tir mot thuat toan khac. MI-GRAAL [12,13] va cac bién
thé [16,17] dua trén két hop k¥ thuat tham an vé6i thong tin heuristics nhu:
graphlet, hé s6 phan nhom, do 1ap di (eccentricities) va do twong tu (gia tri E-
values tir chuong trinh BLAST). Céc thuat toan nay déu dua ra két qua nhanh
va tot hon so véi cac thuat toan trude do. Tuy nhién, nhitng thuat toan da néu
chi ti uu cho do chinh xac (ham muc tiéu) hodc tinh kha mo (scalability ). Vi
cac mang PPI c6 thuong s6 dinh 16n nén ca tinh chinh xac va tinh kha mo
(thoi gian chay ) can duoc quan tam. Gan day, da xuat hién nhiing thuat cho
két qua tét vai do phuc tap thoi gian da thirc dién hinh 1a SPINAL va FastNA
s& dugc gidi thiéu va tim hiéunhiéu hon.

1.2.1. SPINAL

Nam 2013 Aladag va Erten dé xuat thuat toan SPINAL [4], thuat toan
nay cho két qua tot nhat theo tiéu chi danh gia cta cong thuc (1.1) va nhanh
nhat tinh dén thoi diém né ra doi. SPINAL 14 mot thuat toan heuristic thoi
gian da thuc, gém hai pha:

Pha dau tinh diém twong dong cho tat ca cap protein theo cong thic

P(X, ;)
| (yDeC degg, () xdegg (Y;)
C|

T

(Ui vy) =

+(1—a)xseq(u;,V;) (1.3)

trong do6o.€ [0,1] 1a tham s& can bang gitta su twong dong vé to pod
mang va sy tuong déng trinh ty gitta cac nut, deg (x), dege (y;) twong tng la
bac cua x; va y; trong G1 va G2,va seg(u;,V;) dugc tinh xép xi dya trén BLAST
bit-scores hoac E-values.
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Pha sau xay dung don anh xa bang cach cai tién mot cach cuc bo ting

tap con cua loi giai hién co.

Algorithm 1:SPINAL global alignment algorithm
1. Input:G,=(V,,E),G, =(V,,E,),seq, &
Output: Node set V,, of the global alignment network A,
// Coarse-grained
forall u, ev,,v, ev,do
P(u;,v;) = o x DegDiff (u;,v;) + (1—a)xseg(u;,v;)
endfor
repeat
P'=P
for all u ev,,v, ev,do

WM O RN

10:  construct NBG{=<u;,v; >}, P

11: construct contributors set C of NBG
12 comput P(u,v;)as in Equation(2)
13:endfor

14:until enough iterations
15:// Fine-grained

16:SP = List of < u;,v; = sorted w.rt P, foru;, eV,,v; eV,

17:repeat

18: // Find new connected component in Ay,

19: pop unaligned <u,,v, > from SP, insert into V12
20:repeat

21:  Construct NBG(V,,,P)

22:  Construct contributors set C of NBG

23:  Swap improvements for each NBG edge not in C
24:  Insert < x;,y, =into Vy,, for each (x,y;)eC
25:until no contributors

26:until no unaligned pair in SP

Hinh 1.1: Thuat toan SPINAL
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theo [4] thuat toan SPINAL duoc chimg minh ¢6 d§ phic tap thoi gian da thic:

SPINAL Complexity = O(kx[Vy|X|Va|xA1xAxlog(A1xAy)) (1.4)
trong d6 k 1a sb 1an chay ciia vong lap chinh (thuat toan hoi tu véi s6 vong 1ap
tir 10-15 trong cac trudng hop thir nghiém), A;, A, lan luot 1 bac 16n nhat cua
dinh trong db thi Gy, G,

Thuc nghiém trén cac tap dir liéu Saccharomyces cerevisiae, Drosophila
melanogaster, Caenorhabditis elegans and Homo sapiens cho thiy SPINAL tét
hon hai thugt toan IsoRank va MI-GRAAL, 13 hai thuat toan tt nhat dén lac d6.
1.2.2. FastNA

Nam 2013, Tién si DS Puc Pong va mot so6 dong nghiép thudc Vién
Cong nghé thong tin, Pai hoc Quéc giadd dé xuat mot thuat toan mdi 1a
FastNA dédéng hang toan cuc mang PPI.

Thuat toan gdbm hai pha: pha thtr nhat xay dung dong hang ban dau

Algorithm 1 Procedure of FastNA
Input: Graph 1: G, = (V4, Ey); Graph 2: G, = (V,, E);
Similarities of node pairs: Similar[i][j];
Balancing parametero
Output: Alignment networké;, = (Vi3, E12)
Begin
Vi, = {< i,j >}/[The best similar pair < i,j >
fork=2 to|v,|do
i = find_next_node(G,);
j = choose_best_matched node(i, G;, G,);
Vip = Vi U< @,j >
Update(E;,)
end-for
Rebuild(G;,);
End

Hinh 1.2: Thuat toan FastNA

Co thé dién ta lai thuat toan cua pha tht nhét nhu sau:

Input gém: dd thi G1,G5; tham sbo, va cac do tuong tu cua céac cdp dinh
<i,j> tuong ung cua V, V5.
Buée 1. Khéi tao V;, 1a cdp dinh <i,j> c6 do twong ty 16n nhét
Buéce 2. Thuce hién lap voi k= 2 toi1 |V |

2.1. Tim node i trong V; — Vi, ¢c6 so canh téi cac dinh trong V/, 16n nhat;
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2.2. Tim node j trong V, — V5 ma khi bd sung < i,j > vao V;, thi
GNAS(A;) tinh boi (1.1) 16n nhat, trong d6 Ay, 1a do thi c¢6 dinh 1a tap Vy, va
céac canh sinh béi G4, G,. Khi d6 j duoi goi labest_matched_node(i, V; ,);

2.3.Bosung < i,j > vao Vi,;

2.4. Update Ey, dua trén Vi,; /b6 sung thém céc cip canh khdp vao Eq,
khi thém cap nut <i,j> trong budc 2.3
Buée 3. Thuc hién lap cai tiénG,, = (Vy, E1,) nho thu tuc Rebuild.

Nhan xét: sau pha thi nhat FastNa da thu duoc mot dong hang toan cuc
ban dau Gi,, tuy nhién n6 sé chua tot vi khi khoi tao Gy, chi c6 mét cap dinh
<i,j> va budc 2 khi tim node i trong V; — V}},¢6 s6 canh téi cac dinh trong V5
16n nhat dé ghép, luc nay vi s6 nut ghép duoc ¢ nhing 1an ghép dau tién rat it
nén viéc xac dinh nat i(cé nhiu canh nbi t6i cac dinh trong d6 thi da ghép
duoc) dé tiép tuc ghép chua chic d3 cho mot két qua tot nhat. Do chinh 1a
nhugc diém rat 16n dan t&i Giban dau c6 chét lugng theo yéu cau 1a khong
t6t. Piéu nay duoc khac phuc ¢ pha tht hai véi muc tiéutdi uu cuc b véi thi
tuc Rebuild.

Thu tuc Rebuild

Véi G,d3 duogc xdy dung trong pha dau va sb Nyeep dd cho dé xac dinh
s6 luogng nut trong tap SeedV;, , thi tuc nay duoc thuc hién nhu sau:

Bude 1. X4c dinh tap SeedV;, cia V; gom Ny, dinh c6 diém so (score) tot

nhét caa V1 theo tiéu chi cho boi (1.5):

score(u) = a X w(u) + (1 — a) X similar(u, f(u)) (1.5)

trong d6 u thudc Vyva f(u) la dinh thuoc V,dugc ghép vai u

trongG,,w(u) 1a s6 lwong nut v thudc Vi ma (u,v) thudc E; va (f(u),f(v))

thuoc E,

Bugc 2. Xac dinh -V, khéi tao nho SeedVy, va Gy,
Buéc 3. Thyc hién Idp nhu budc 2 cua phase 1 voi k = ny., + 1161 |V |dé

xac dinh A4,
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Sau mdi lan thuc hién thu tuc Rebuild s& c6 mot dong hang méi 1am
input G,,cholan l3p tiép theo, qua trinh nay 1p lai cho dén khi khong cai tién
dugc GNAS(A;,) nira.

Rebuild duoc dac ta nhu sau

Algorithm 2 Procedure of Rebuild
Input: Alignment networka,;nyeep
Output: Better Alignment network4;, = (Vi,, E12)
Begin
Build Seedv;,;
Buld vy,// based on SeedV;,, and Gy,
fork=ny,, +1 to|v;|do
i = find_next_node(G,);
j = choose_best_matched _node(;, G, G,);
Vig = Vi, U< i,j >
Update(E;,)
end-for
end

Hinh 1.3: Thi tuc Rebuild - FastNA

Pha thir hai voi thi tuc Rebuild 1a mot v tudng doc dao, nd tré diém
manh cta thuét toan, khic phuc nhuge diém cua pha thir nhat va cho mot két
qua tét hon han vé chat lugng dong hang va ca thoi gian thuc hién.

Theo FastNA, Tién si D3 Dirc Pong va cac dong tac gia cuaFastNA da
ching minh d6 phic tap vé thoi gian cua thuat toan minh dé xuét thap hon so
vé6i thuat toan tot nhat tai thoi diém nay 1a SPINAL, cu thé nhu sau:

Do phuc tap cia phase 1 va mdi budc lap trong phase 2 cua thuat toan
FastNA la:

O(IV1[x(Eq|+|E2])) (1.6)
s6 lan lap cua phase 2 trong thuc nghiém khéng vuot qta 10. Boi vi
|V1|xA>E lién hé tai1 d6 phurc tap cia SPINAL trong cong thuc (4) ta co:

[V1[X[V3|xA1xAy > Egx Eo> (V1 *(E4|+]|E2])) (1.7)
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Nhu vay ta c6 thé khang dinh lai d6 phuc tap cua FastNA trong biéu
thie (1.6) so voi d6 phtc tap cia SPINAL trong biéu thic (1.4) thiap hon
nhiéu.

Ciing theo FastNA thyc nghiém trén cung 4 bo dir li¢u da dugc thir cho
SPINAL trong [4] dé so sanh muc tieu GNAS va sé canh khép (Edge
Correctness: EC). Két qua thuc nghiém cho thay véi moi gia tri o (a=0.3,
a=0.4, a=0.5, a=0.6, a=0.7) trén ca 6 truong hop thuc nghiém(ce-dm, ce-hs,
ce-sc, dm-hs, dm-sc, hs-sc )FastNA déu tim ra duoc loi giai ma ham muc tiéu
GNAS va s6 canh khép EC nhiéu hon va thoi gian thyuc hién ciling t6t hon han
so VOiSPINAL.

1.3. K&ét luan chwong

Dong hang hai d6 thi (dong hang toan cuc cac mang tuong tac PPI) 1a
mot bai todn quan trong trong linh vuc sinh hoc ciing nhu trong 1y thuyét d6
thi, qua nhiéu ndm nghién ctu rat nhiéu tac gia trén thé gi¢i da dua ra nhitng
thuat toan tét. Thyc té cho thay rang, nhitng thuat toan duoc cong bd trén cac
tap chi khoa hoc toan thé gidi tinh theo thoi gian dan vé sau, déu cho két qua
tét hon nhitng thuat toan co6 trude. Nhung tat ca cac thuat toan déu co mot
diém chung d6 1a dua trén ky thuat tham két hop véi cac thong tin
heuristic.Riéng voi FastNA co sy khac biét, khi dé xuat cai tién chat luong
nho d& bo déng hang ban dau va chi giir lai lugng mot phan sé nut tot nhat
(nat c¢6 diém sé tinh theo Eq(1.5) cao nhit) dé lam co sé cho viéc tim kiém
cac nit dong hang tiép theo trong lan thuc hién sau. Trén co sé cla cac thuét
toan da ton tai tac gia nhan thay néu két hop thong tin heuristic véi cach hoc
tdng cuong cua phuong phdp metaheuristic trong viéc tim nat dong hang sé€
cho két qua tét hon.Vi theo cac phuong phap heuristic két qua s& giao dong
lac gan, lic xa so v6i két qua tot nhat (mang tinh ngau nhiéu); nhung khi tim
két qua theo cach hoc ting cudng thi két qua sau ludn ludn cho két qua tot

hon (gan hon ti két qua tét nhat mong muén).
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CHUONG I
PHUONG PHAP TOI UU DAN KIEN
Trong linh vuc cong nghé thong tin, dic biét 1a thoi diém hién nay ta
thuong gap cac bai toan tdi wu to hop, khi d6 phai tim cac gia tri cho cac bién
roi rac dé lam cyc tri ham muc tiéu nao d6. Pa sb cac bai toan nay thudc
|6pNP-kho. Trir cac bai toan ¢& nho c6 thé tim 161 giai bang cach tim kiém vét

.= A

can, con lai thi thuong khong thé tim duoc 10i giai tdi uu.

Déi voi cac bai toan ¢ 16n khong c6 phuong phéap giai ding, dén nay
huéngtiép canvan theo cac phuong phap sau:

1) Tim kiém heuristic, trong d6 dwa trén phan tich toan hoc, ngudi ta
dua ra cac quy tic dinh hudng tim kiém mot 1i giai du tot.

2) Sir dung cac ki thuat tim kiém cuc bo dé tim 10i giai toi wu dia phuong.

3) Tim 10i giai gan ding nho cac thuat toan moé phong ty nhién nhu mo
phong luyén kim (Simulated Annealing - SA), giai thuat di truyén (Genetic
Algorithm - GA), téi wu bay dan (Particle Swarm Optimization -PSO)...

Hai cach tiép can dau thuong cho 10i giai nhanh nhung viéc cai thién
1o giai rat han ché, nén cach tiép can thir ba dang duoc sir dung rong rii cho
cac bai toan c& lon.

Trongciac phuong phap md phong ty nhién, toi wudankién (Ant
Colony Optimization - ACO) 1a cach tiép can metaheuristic twong d6i méi
duoc gidi thiéu boi Dorigo nam 1991 (xem [19,20,22]) dang dugc nghién ciru
va ung dung rong rai cho cac bai toan ti uu t6 hop kho.

Cac thuit toan ACO mé phong cach tim dudng di cua cac con kién
thuc. Trén duong di, mdi con kién thuc dé lai mot vét hoa chét goi 1a vét
mui(pheromone trail) va theo vét mui cua cac con kién khac dé tim duong di.
Puong c6 néng d6 vét mui cang cao thi cang c6 nhiéu kha ning dugc cac con

kién chon. Nho cach giao tiép gian tiép nay, dan kiéntim duoc duong di ngan
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nhét tir t6 téi ngudn thirc an. Theo ¥ tuong do, cac thuat toan ACO sir dung
két hop thong tin kinh nghiém (heuristic) va hoc ting cuong qua cac vét mui
ctia cac con kién nhan tao dé giai cac bai toan tdi wu to hop bang cach dwa vé
bai toan tim dudng di t6i vu trén do thi cu trac tuong Gtng cia bai toan.

V&i mbi bai toan tdi wu to hopton tai bo(S, f, Q), trong d6 S 1a tap hitu
han cac phuong an chép nhan duoc, f 1a ham muc tiéu xac dinh trén S va Q2 1a
dé xac dinh S qua cac thanh phan cua tap hitu han C va cac lién két cua tap
ndy, moi 16i giai s trong S s& twong rng v&i mot hoic mot tap hitu han céc
vectox = < Ugp,..., U > (u; €C Vi <k <h) c6 d6 dai bi chan thoa man cac
rang budc €. Nhu vay, viéc tim kiém cac 10i giai trong S duoc dua vé xay
dung loi giai trén cac vecto d§ dai khong qua h thoa man rang budc da cho.
Vé 1y thuyét, qua trinh giai co thé thuc hién trén d6 thi day du co tap dinh
dugc gan nhin bai tap C v6i mot sb thong tin thém (dwoc goi 1a do thi cau
tric). Ty theo cac rang budc ma trong nhiéu truong hop ta c6 thé xét bai toan
tim trén d6 thi cdu trac don gian hon dé thu hep mién tim kiém.

Trong mdi lan lap cua cac thuat toan, mot dan kién nhéan tao s& xay
dung 10i giai theo thu tuc phat trién tuan ty trén d6 thi cau trac, sau d6 so sanh
loi giai tim dugce dé cap nhat vét mui nhu 1a thong tin hoc ting cudng dung
cho cac vong 13p sau. Nho d6 ma 1oi giai duoc cai tién dan.Cac thuat toan nay
dugc 4p dung rong rai dé giai nhiéu bai toan khé va hiéu qua ndi troi cua
chiing so vdi cac phuong phap moé phong tu nhién khac da dugc chang to
bang thuc nghiém.

Khi 4p dung phuong phap ACO cho mdi bai toan cu thé, c6 ba yéu td
quyét dinh hiéu qua thuat toan:

1) Xay dung d6 thi cdu trac thich hop;

2) Chon thong tin heuristic;
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3) Chon quy tic cap nhat mui.
Hai yéu té dau phu thudc vao dic diém cua timg bai toan cu thé, con
quy tac cap nhat mui 1a yéu té phd dung cho cac bai toan va nd thuong ding

lam tén dé phén biét cac thuat toan ACO.

2.1. Tir kién tw nhién dén kién nhén tao

Khi tim duong di, dan kién trao doi thong tin gian tiép va hoat dong
theo phuong thuc tu té chirc. Mic du don gian nhung phuong thirc nay gitp
cho dan kién c6 thé thyc hién dugc nhiing cong viéc phuc tap vuot xa kha
nang cua ting con Kién, dic biét 1a kha ning tim dudng di ngan nhat tir to dén
ngudn thirc dn mic du ching khong c6 kha ning do do dai duong di. Trudc
hét ta xem cach dan kién tim dudng di nhu thé ndo ma c6 thé giai quyét duoc

cac van dé to1 vu hoa.

2.1.1.Kién tu nhién

Trén dudng di, mdi con kién dé lai mot chat hoéa hoc goi 1a vét mui
(pheromone) dung dé danh ddu dudng di. Bang cach cam nhan vét mui, kién
c6 thé lan theo duong di dén ngudn thic an duoc cac con kién khackham pha
theo phwong thirc chon ngau nhién c¢6 dinh huéng theo ndng do vét mui. Kién
chiu anh huong vét mui ciia cac con kién khac chinh 1a ¥ twang thiét ké thuat
toan ACO.

Thi nghié¢m trén ciy cau doi

C6 nhiéu thyc nghiém nghién ctu vé& hanh vi dé lai vét mui va di theo
vét mui cua loai kién. Thuc nghiém, duoc thiét ké bai Deneubourg va cac
d6ng nghiép [22], dung mot chiéc cau doi ndi tir to kién tdi nguon thuc an,

nhu minh hoa trong hinh 2.1.Ho da thuc nghiém vaéi ti 1€ d¢ dai duong r = ll—l

S
gitra hai nhanh khac nhau ctia chiéc cau doi, trong d6 I, 1a do dai ctia nhanh

dai con I, 1a d6 dai cia nhanh ngan.
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Trong thuc nghiém thiz nhat, chiéc cau do6i c6 hai nhanh bang nhau
(r = 1, hinh 2.1.a). Ban dau, kién lya chon dudng di mot cach tu do tir t6 dén
ngudn thirc an, ca hai nhanh déu co kién di, nhung sau mot thoi gian cc con
kién nay tap trung di theo cing mot nhanh. Két qua c6 thé dugc giai thich nhu
sau: ban dau khong c6 vét mui ndo trén ca hai nhanh, do d6 kién lya chon
nhanh bat Ky voi xac suét nhu nhau. Mot cach ngau nhién, s& cé6 mot nhanh co
s6 luogng kién lua chon nhiéu hon nhanh kia. Do kién dé lai vét mui trong qua
trinh di chuyén, nhanh c¢6 nhiéu kién lya chon s& c¢6 nong d6 mui 16n hon
nong d6 mui ctia nhanhcon lai. Nong d6 mui trén canh 16n hon s& ngay cang
I6n hon vi ngay cang co nhiéu kién lya chon.Cubi cuing, hau nhu tit ca cac
Kién sé tap trung trén cung mot nhanh. Thuc nghiém nay cho thayla su twong
tac cuc bo gilta cac con Kién véi thong tin gian tiép 1a vét mui dé lai cho

phépdiéu chinh hoat dong vi mé cua dan kién.

T6 Thirc an To Thirc an

(a) (b)

Hinh 2.1: Thuc nghiém cay cau ddi
(a) Hai nhanh c6 d¢ dai bang nhau. (b) Hai nhanh c6 d6 dai khac nhau.

Trong thuc nghiém thi hai(xem hinh 2.1b), d6 dai cta nhanh dai gap

d6i d6 dai nhanh ngén (ti 16 r = 2). Trong truong hop nay, sau mot thoi gian
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tat ca cac con kién déu chon doan duwong ngan hon. Ciing nhu trong thuc
nghiém tht nhat, ban dau dan kién lya chon hai nhanh di nhu nhau, mét nira
sb kién di theo nhanh ngrfm va mot ntra di theo nhanh dai (mac du trén thuc té,
do tinh ngau nhién c6 thé mot nhanh nao d6 duoc nhiéu kién lya chon hon
nhanh kia). Nhung thuc nghiém nay c6 diém khac biét quan trong véi thuc
nghiém thir nhat: Nhitng kién lwa chon di theo nhanh ngin s& nhanh chéng
quay tro lai to va khi phai lya chon gitta nhanh ngin va nhanh dai, kién s&
thay nong do mui trén nhanh ngan cao hon noéng d6 mui trén nhanh dai, do dé
s& wu tién lya chon di theo nhanh ngan hon. Tuy nhién, trong thoi gian dau
khong phai tat ca cac kién déu di theo nhanh ngan hon.Phai mat mot khoang
thoi gian tiép theo nira bay kién méi lya chon di theo nhanh ngan. Piéu nay
minh chang bay kién da sir dung phuong thtrc tham do, tim duong mai.

Mot diém tha vi nira 1a quan sat xem s& Xay ra diéu gi khi qua trinh tim
kiém dang hoi ty, lai Xuat hién mot duong méi tir to dén ngudn thire an. Viéc
nay duoc thuc nghiém nhu sau: ban dau tir té dén ngudn thire an chi c6 mot
nhanh dai va sau 30 phat, thém mot nhanh ngan (xem hinh 2.2). Trong trudng
hop nay, nhanh ngan thuong khong dugc kién chon ma chung tap trung di
trén nhanh dai. Piéu nay c6 thé giai thich nhu sau: ndong d6 vét mui trén canh
dai cao va su bay hoi ctia vét mui dién ra cham nén dai da s cac con kién van
lya chon nhanh dai (c6 nong d6 vét mui cao).Hanh vi nay tiép tuc dugc cung
cb vakién chon di theo nhanh dai, ngay ca khi c6 mot nhanh ngan xuét hién.
Viéc bay hoi vét mui 1a co ché tién loi cho viéc tim dudng mai, nghia 1a viéc
bay hoi c6 thé gitp kién quén di duong di t6i vu cuc bd da duoc tim thay

trude day dé tim kham pha duong di méi, tot hon.
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Thtcan —» T§ <7 Thuc an

Hinh 2.2: Thi nghiém bo sung

PN

(O8]
=]
=
=
=
>

Ban dau chi ¢c6 mdt nhanh va sau 30 phut thém nhanh ngén hon

2.1.2.Kién nhan tao

Thuc nghiém ciy ciu d6i cho thiy dan kién tu nhién c6 thé s dung
luat di chuyén theo xac suit, dya trén thong tin dia phuong dé tim duoc
duong di ngan nhat gitra hai dia diém. Vét mui cua dan kién cho phép lién
tudng té1 cach hoc tang cuong (reinforcement learning) trong bai todn chon
tac dong t6i uu[9], goi Md md hinh moé phong cho bai toan tim dudng dingan
nhat giira hai nat (twong tng 13 to va ngudn thic 4n) trén d6 thi, trong d6 céac
tac tir (agent) 1a dan kién nhan tao.

Tuy nhién, trong cic bai toan Gng dung cac d6 thi thuong phuc tap
hon. Tt mdi dinh ¢6 thé ¢6 nhiéu canh, nén néu mod phong thuc su hanh vi cta
dan kién ty nhién nhiéu con kién s& di luan quan va do d6 hiéu qua thuat toan
s& rat kém. Vi vdy, nguodi ta dung k¥ thuat da tac tor (multiagent) md
phongdan kién nhén tao, trong d6 mdi con kién nhén tao c6 kha ning nhiéu
hon so véi kién ty nhién.Kién nhéan tao c6 bo nhé riéng, c6 kha nang ghi nhé

cac dinh da tham trong hanh trinh va tinh dugc do dai duong di n6 chon.
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Ngoai ra, kién co thé trao doi thong tin vo1 nhau, thyc hién tinh toan can thiét,
cap nhat mui...

Str dung md hinh kién nhan tao nay, Dorigo (1991) [19] dd xay dung
thuat toan hé kién (AS) giai bai todn nguoi chao hang.Hiéu qua cta thuét toan
so vo1 cac phuong phap mo phong ty nhién khac nhu SA va GA da duoc
kiém chung bang thuc nghiém.Thuit toan nay vé sau duoc phat trién va co

nhiéu tng dung phong phi, duoc goi chung laphuong phap ACO.

2.2.Phuong phap ACO cho bai toan toi uwu t6 hop tong quat
Theo [2], Phan nay gidi thiéu phuong phap t6i vu dan kién. Trude khi mo ta

thuat toan tong quat, ta tim hiéu do thi cau tric cho bai toan ti wu to hop.

2.2.1.P06 thi céu tric

Xét bai toan toi uu to hop tong quat dugc nhac dén phan dau chuong,
dudi dang bai toan cyc tiéu hoa (S, f, Q), trong d6 S 1a tap hitu han trang thai
(16 giai tiém nang hay phuong an), f 1a ham muc tiéu xac dinh trén S, conQ
1a cac rang budc dé xac dinh tapS co cac thanh phan duoc lay tir tap hitu han
C. Cac tap S, C va Qco cac dac tinh sau:

1) Ky hi¢u X la tap cac vecto trong C d6 dai khong qua h: X =
{<uy,...,u, >:u; €C, Vi <k <h}.Khi d6, mdi phuong 4an s trong S dugc
xac dinhbai it nhat motvecto trong X nhu ¢ diém 2).

2) Ton tai tap con X*cta X va anh xa ¢ tir X* 1én S sao chog~1(s)
khéng rdng véi moi s &S, trong d6 tap X*co thé xay dung duoc tir tap
conC, caa C nhd md rong tuan tu dudi day.

3) Tur C, ta md rong tuan tu thanh X *nhu sau:

1) Taxem xy, = < uy >la mé rong duoc véi moi u, €C.
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i) Gia st x;, =< ugp,..., U, > la mé rong dugc va chua thudc X*.

Tu tap rang budc Q, xac dinh tap con J(x;) cta C, sao cho vdi moi

U1 € () thixg 1 =< ug,..., U, U > la mo rong duoc.

iii) Ap dung thu tuc mé rong tir cac phan tir uy €C, cho phép ta xay
dung dugc moi phan tir ciaX ™.

Nhu d3 néi trong phan trudc, mdi bai toan t6i vu to hop duoc xem nhu
mot bai toan tim kiém vecto do dai khong qua h trén do thi day da co cac dinh
dugc gan nhan trong tap C. Dé tim cac 101 giai chap nhan duoc, ta xdy dung
d6 thi day da voi tap dinh V, mdi dinh caa no twong wng véi mdi thanh phan
cuaC. Cac 10i giai chap nhan dugc s& 1a cac vecto dugc xac dinh theo thi tuc
mé rong tuan tu hay mo rong ngiu nhién, nhu da duge mo ta chi tiéttrong
muc?2.2.2.

Théng thuong, d6i véi cac bai toan thudc loaiNP-kho, nguoi ta dua ra
cac phuong phap heuristic tim 10i giai du tét cho bai toan. Cac thuat toan
ACO két hop thong tin heuristic nay voi phuong phap hoc ting cuong, mod
phong hanh vi ctia dan kién, dé tim 10i giai tét hon.

Mbi canh ndi dinh i, j eC c6 trong s6 heuristic h; ; dé dinh huéng chon
thanh phan mo rong 1a j khi thanh phan cudi cua trang thai hién tai x,, 1a
i(theo thu tuc ma rong tuan tu da néu & trén). Ky hiéu H 1a vecto cac trong s6
heuristic ciia canh, con zla vecto biéu thi cac thong tin hoc ting cudng T
(trong luan van tir nay vé sau goi 1a vét mui, ban dau dugc khdi tao gia
trizy>0). Truong hop dac bi¢th; ; va 7, ; chi phu thudc vao j, cac thong tin nay
s& gan voi cac dinh. Khong lam mat tinh tong quat, ta xét truong hop cac
thong tin nay gan vao cac canh.

Tagoiddthi G = (V,E, H, 7) 13 d6 thi Cdu triic ca bai toan tdi uu td hop,

trong d6 V 1a tap dinh,E 1a tap canh,H vazla cac théng tin gan véi canh. Tir cac
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canh, xdy dyng tap X* nhd mé rong tap Cytheo thu tuc tuan tw. Néu khéng co
thong tin heuristic thi ta xem H c6 cac thanh phan nhu nhau va bang 1.

Truong hop tong quat, G 1a d6 thi ddy du. Tuy nhién, tiy theo rang budc
ctia bai toan, cac canh co thé lugc bot dé giam mién tim kiém 1oi giai theo thu

tuc mé rong tuan tu.

2.2.2.M# ta thuit toan ACO tong quat

Sir dung diéu kién két thuc (c6 thé theo sé budc lap hodc/va gidi han
thoi gian chay), ta dung dan kién com con,tién hanh l3p qua trinh xdy dyng
161 giai trén dd thi cau tracG = (V, E, H, 7) nhu sau:Tai mdi lan lap, kién chon
ngau nhién mot dinhu, € C, 1am thanh phan khai taox, = {u,} va thuc hién
xay dung loi giai theo thu tuc buéc ngau nhién. Dua trén 10i gidi tim dugc,
dan kién sé& thyuc hién cap nhat mui theo cach hoc ting cuong.

Thui tuc bwdc ngdu nhién:

Gia s x;, =< ug,..., U, > la md rong dugc va chua thudoe X*. Tur tap
rang budc ©, xac dinh tap con J(x;) ctia C, sao cho v&i moi uy1</(x;)
thixgq =< Ug, ..., Uy, Up+1 > 13 m rong duge. Pinh j = u,,; dé mé rong,
duoc chon véi xac suat P (j) nhu sau:

ap 1B
P(j) = zze][:g[r[:]i][ha]ﬂ J €JGx) (2.1)
0 J €] (%)

Trong do6 7;; la thong tin mui, h;;1a thong tin heuristic, o va B la tham

sb can bang gitta thong tin mui va thong tin heuristic .

Qua trinh mé rong tiép tuc cho téi khi kién r tim dugc 101 giai chap
nhan dugc x™ trongX™ va do d6 s™ = ¢p(x") &S.

Cap nhat mui:

Tuy theo chat luong cua loi giai tim duoc, vét mui trén mdi canh s&

duogc diéu chinh ting hoic giam tuy theo danh gia muc d6 vu tién tim kiém vé
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sau. Luong mui cap nhat theocac quy tic cap nhat mui khac nhau s& cho cac
thuat toan khac nhau. Vi vay,quy tic cap nhat mui thuong dung lam tén goi
thuat toan. Cac quy tac thong dung sé& duoc néu trong muc 2.4, da sb chung
déu co dang:
T, <« (L—p)t; + A0 ) (2.2)
dbi vé&i cac canh duoc cap nhat, trong d6 p 1a hing sé thudc khoang
(0,1) 1a ty 1€ lwong mui bi bay hoi.

Cac budc thuc hién cua cac thuat toan ACO dugc mo ta trong hinh 2.3,

ProcedureThuat toan ACO;
Begin
Khai tao tham sd, ma tran mui, khéi tao m con kién;
repeat
fork = 1tomdo
Kiénk xay dung loi giai;
end-for
Cap nhat mui;
Cap nhat 1o giai tét nhat;
until(®iéu kién két thuc);
Dua ra 16 giai tét nhat;

End;

Hinh 2.3: Thuat toan ACO
Nhdn xét chung vé cdc thudt todn ACO
Nho két hop thong tin heuristic, thong tin hoc ting cudng va mé phong

hoat dong ciia dan kién, cac thuat toan ACO c¢6 cac wu diém sau:
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1) Viéc tim kiém ngdu nhién dya trén cac thong tin heuristic tré nén

linh hoat va mém déo trén mién rong hon so voi cac phuong phap heuristic d

7
.....

c6.Do d6, cho ta 101 giai tét hon va c6 thé tim duoc loi giai téi wu.

2) Hoc tang cudng thong qua thong tin vé cudng do vét mui cho phép
ting budc thu hep khong gian tim kiém, ma van khong loai bo cac 10i giai tot,
do d6 nang cao chit lwgng thuit toan.

Chi y. Khi ap dung phuwong phap ACO cho cac bai toan cu thé, bayéu
t6 sau c6 anh hudng quyét dinh dén hiéu qua thuat toan:

1) Xay dung do thi cdu triic thich hop.Trong muc 2.2.1 da chi ra rang
viéc xay dung dd thi cdu triic dé tim duoc 10i giai cho bai toan theo thu tuc
tuan ty khong kho.Khé khin chinh 12 véi cac bai toan c& 1on, khong gian tim
kiém qua rong, doi hoi ta str dung cac rang buéc omot cach hop 1y dé giam
mién tim kiém cua Kién.

2) Chon théng tin heuristic. Thong tin heuristic tot sétang hiéu qua
thuat toan. Tuy nhién, trong nhiéu bai toan khong c6 thong tin nay thi co thé
danh gia chung nhu nhau. Khi d6, ban dau thuat toan chi don thuan chay theo
phuong thtrc tim kiém ngau nhién, vét mui thé hién dinh huéng cua hoc ting
cudng va thuat toan van thuc hién duoc.

3) Chon quy tac cdp nhdr mai. Quy tic cap nhat mui thé hién chién luoc
hoc cua thuat toan.Trong khi do thi cdu trac va thong tin heuristic phu thudc
vao bai toan cu thé, quy tic cap nhat mui lai 1a yéu té phd dung va thuong
dung dé dit tén cho thuat toan. C6 nhiéu quy tic cap nhat mui di dugc dé
Xuat, trong luan vin nay tac gia s& lya chon mot thuat toan cap nhat mui phu

hop Véi bai toan ctia minh dé cho hiéu qua tét.
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2.3.Mot so van de lién quan

2.3.1.Dac tinh hoi tu
Gutjahr [33,34,35] 1a mot trong nhitng nguoi dau tién nghién ciu dic
tinh hdi tu cua thuat tooan MMAS, nhung chua xét dén yéu td co sir dung
thong tin heuristic. Ky hiéu P(t) 14 x4c suat tim thay loi giai cua thuat toan
MMAS trong vong t phép lap, w(t) 1a 10i giai tét nhat & budc lap t. Nho si
dung mé hinh Markov khong thuan nhat, Gutjahr da chitng minh rang véi xac
suat bang 1 ta co:
1) lime w(t) =w*, lim,, P(t) =1 (2.3)

2)  limye T; = Tpgy V6i Moi canh (i, j)thudc 161 gidi toi v (2.4)

M6 hinh nay cua Gutjahr khong 4p dung dugc cho ACS.Trong truong
hop MMASkhoéng st dung thong tin heuristic, Stiitzle va Dorigo [32] da
chting minh rang:

Ve > 0,3tduléonP(t) > 1 — e, (2.5)
do d6 lim,_,,, P(t) = 1. (2.6)

Céc tac gia ciing suy ra rang két qua nay cling dang cho ca thuat toan
ACS. Vi gia thiét tim duoc 10i giai t6i wu sau hiru han budc, Stiitzle va
Dorigo suy ra rang vét mui cua cac canh thugc 10i giai téi vu tim duoc s& hoi
tu dén 7,4, , con vét mui trén cac canh khong thudc 10i giai s& hoi tu vé 1,,;,
hoac t,.

Plelegrini va Elloro [25] chi ra rang sau mét thoi gian chay, da so vét

mui trén canh tré nén bé va chi c6 so it canh c6 gia tri vét mui 1a 16n vuot troi.

2.3.2.Thyc hién song song
bdc tinh ty nhién cua cac thudt toan ACO cho phép thuc hién song

song theo dir liéu hodc theo quan thé (xem [31]). Trén thuc té, c6 nhiéu mo
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hinh song song dugc sir dung cho cac thuat toan dya trén quan thé, dé dang

twong thich véi ACO.

2.3.3.ACO két hop véi tim kiém cuc bd

Nhiéu tai liéu [14,22] chi ra rang v&i cac phuong phap metaheuristic,
mot cach tiép can day hira hen cho phép nhan duogc 101 giai ¢ chit lugng cao
1a két hop véi thuat toan tim kiém cuc bo.

Mo hinh ACO c6 thé bao gdm ca tim kiém cuc bo [2].Sau khi kién xay
dung xong 10i giai, c6 thé ap dung tim kiém cuc bo dé nhan duoc 101 giai tdi
uu dia phuong.Viéc cap nhat mui dugc thuc hién trén cac canh thudc 161 gidi
t6i wu dia phuong nay.Két hop xdy dung 10i giai v6i tim kiém cuc bd sé& 1a
mot cach tiép can ¢ trién vong, la do trén thuc té, cach xay dung 101 giai cua
ACO c6 str dung 14n can khac véi tim kiém cuc bo. Thyc nghiém cho thay

kha ndng két hgp tim kiém cuc bd cai tién dugc 101 giai 1a kha cao.

2.3.4. Thong tin heuristic

Ta biét rang thuat toan ACO ma khong sir dung tim kiém cuc bo, théng
tin heuristic s& rat can thiét dé c6 duoc 10i giai tét. Trén thuc té, & giai doan
dau vét mui duoc khai tao nhu nhau.Khi d6 vét mui khong thé gitp kién tim
duong di dan toi cac 11 giai tot, vi chua khac nhau nhiéu.Vai tro chinh cua
thong tin heuristic 1a dé khic phuc diéu nay, giup kién c6 thé xdy dung duoc
cac hanh trinh t6t ngay trong giai doan dau.Trong nhiéu trudng hop, nho sir
dung tim kiém cuc b, kién van c6 thé tim duoc 1o giai tdt ngay trong giai
doan dau, khong can sir dung thong tin heuristic nao ca, mic du c6 lam cho

qua trinh tim kiém cham hon.
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2.3.5.86 lrong kién

Nhu d3 néi & trén, néu khong st dung tim kiém cuc bd va thong tin
heuristic it (hodc khong c6), trong giai doan dau vét mui khong thé gitip kién
tim dudng di dan toi cac 101 giai t6t.Néu sir dung sb luong kién it, trong giai
doan dau s& khong tim duoc 101 giai tdt va nhu vay, viéc cap nhat mui duoc
cap nhat dua trén cac loi giai khong tdt. Khi do, sé hudng viéc tim kiém xung
quanh 10i giai khong t6t va do d6 thuat toan s& khong hiéu qua. C6 thé khac
phuc phan nao nhuoc diém nay bang cach ting sé kién, dé ting kha nang tim
duogc 101 giai tét & mdi vong 1ap.Khi ¢ st dung tim kiém cuc bd hodc thong

tin heuristic manh, str dung nhiéu kién 13 13ang phi.

2.3.6.Tham so bay hoi

O mdi vong 13p (cac kién cung thuc hién tim 10i giai), khi xay dung
duoc 101 giai tét (s dung tim kiém cuc bd hodc thong tin heuristic manh),
tham s6 bay hoi s& dugc xac 1ap co gia tri Ion, didu nay giup kién quén di
nhitng 10i giai da xay dung, tap trung cong viéc tim kiém xung quanh loi giai
tbt moi duoc xdy dung. Trong truong hop nguoc lai, & mdi vong lip, kha
nang kién tim duoc 1oi giai tét khong cao thi tham sé bay hoiphai dugc thiét

lap vai gia trinho.

2.4. Tinh bién thién ciia vét mui va cac thuit toan cip nhit mui

Nhu da trinh bay trong cac phan trudc, Gutjahr [33,34,35], Stiitzle va
Dorigo [32] da xét tinh hi tu theo xac suat toi loi giai toi wu ciaa MMAS, ACS
va su hoi tu cia cudong do vét mui cho cac bién thé cua thuat toan MMAS. Cac
tac gia chua khao sat su hdi tu ciia cudng do vét mui d6i véi ACS.

Tuy nhién, trong cac bai toan tbi uu t6 hop do sé phuong an 14 hitu han,
nén két qua xac suat tim thay 1oi giai hoi tu vé 1 khi s6 1an ldp dan ra vo6 han

1a khong c6 nhiéu y nghia. Phan nay trong [2] phén tich chi tiét hon vé cac

S6 héa béi Trung tam Hoc liéu — PHTN  hitp://www.lrc.tnu.edu.vn



25

dic tinh bién thién ctia vét mui trong cac thuat toan ACO thong dung va xem
xét cac quy tac cap nhat mui theo cach nhin hoc tdng cwong, trén co sd d6 van
dung vao viéc cap nhat mui cho bai toan dong hang hai do thi da néu trong

chuong I.

2.4.1.Thuit toan tong quat

Xét mot bai toan toi wu to hop cuc tiéu hoa (S, £, Q)trong muc 2.2 véi
d6 thi cau trac:G = (V, E, H, 7), trong d6 V 1a tap dinh, E 1a tap cac canh, H
1a vecto cac trong s6 heuristic cua canh twong ung, con 7la vecto vét mui
tich luy dugc (ban dau dugc khaoi tao bang 7,>0),C, 1a tap dinh khoi tao dé
x4y dung cac 10i giai chap nhan duogc theo thu tuc budc ngau nhién. Thuat
toan st dung m Kién, thuc hién N, budc lap xay dung 1oi giai nho thu tuc

buéc ngau nhién.

2.4.1.1.Quy tic chuyén trang thai

Gia st kién r da xay dung x, =< u,...,i > la mo rong duoc, ndé chon dinh
ythudc J(x,) dé mé rong thanh x;,; =< uy,...,i,y > vdi xac suat duoc cho
boi cong thirc (2.7) sau day:

a
i,y hi,y

———— voiy € J(x
P(y/t,x;) = Zigg ) Tijhis y € J(xy)

Qua trinh md rong tiép tuc cho tsi khi kién r tim duoc 1o giai chap nhan

T

2.7)

duoc vé1 do dai khong qua h.

Chii y. Quy tic nay khac mot chat so v6i quy tic chuyén trang thai cua thuat
toan ACS va cong thic (2.1), nhung khong anh huong téi cac két qua phan
tich toan hoc vé sau.

Ky hiéu w(t) 1a 1oi giai tét nhat cac kién tim dwoc cho tai lan lap thir t va

wi(t) 1a loi giai tot nhat trong budc laptha t.Néu wi(t) khong tot hon
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w(t —1) ta co w(t) = w(t —1). Ta s& quan tdm t&i cac 1oi giai gan dung

w(t) nay.

2.4.1.2. Cap nhat mui
Luan van xét hai quy tic dién hinh, duoc st dung phd bién nhat hién nay xuat
phat tr ACS va MMAS. Gia st g 1a mot ham thyuc, xac dinh trén S sao cho
seS0 < g(s) <aovag(s)>g(s)néu f(s) < f(s), khi d6 & mdi budc
lap cuong d6 vét mui sé thay doi theo mét trong cic quy tic sau day:
Quy tic ACS.Quy tic nay phong theo ACS, bao gom ca cap nhat dia phuong
va toan cuc.
Cap nhdt mai dia phwong.Néu kién k tham canh (i, j),ttc 1a (i, ) € s(k) thi
canh ndy s& thay d6i mui theo cong thirc sau:

;A= p75; + pn (2.8)
Cdp nhdt maii toan cuc.Cap nhat mui toan cuc ddi véi cac canh thuoc w(t):

5; « (1=pz; +pg(w(t)) (2.9)
Quy tic MMAS. Quy tic nay gidong nhu trongMMAS. Sau khi kién xay

dung xong 10i giai & budc lap nao do, vét mui duoc thay doi theo cong thirc

Sau:
t; <« (1=pzn; + Azg; (2.10)
trong do
_(pg(w®) (i,)) € w(t)
Ay = {maX{Tl —(1=p)r;, 0} (@) & w(t) &1

& day 7,>0 1a tham sb.
Chu y:
1) Cong thuc (2.8) tré thanh coéng thic (2.10) trong MMAS khi layz; =

Tnin VA gid thiét 7., = g(w(t))
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2) Cac quy tac cap nhat mui ¢ trén chinh 13 quy tic G-best.Néu trong cac
cong thirc (2.9) va (2.11) thay w(t)bai wi(t), thi ta néi 1a quy tac I-
best. Trong muc sau ta chi xét cho quy tic G-best.

2.4.2. Panh gia

Trong cacbai toan tdi wu t6 hop, vé mat 1y thuyét, ta c6 thé tim 10i giai téi uu
bang cach vét can, nhung thuc té diéu nay khong kha thi, do khong gian tim
kiém qua rong.Cac quy tic heuristic cho phép ta dua trén“cdc kinh nghiém”
c6 dugedé tim nhanh cac 101 giai du tét trong pham vi tim kiém hep va chap
nhan loai bo nhiing 1oi giai tét hon. Su két hop hoc ting cudng thong qua
thong tin vé cuong d vét mui cho phép ta ting budc thu hep mién tim kiém,
ma van khong loai bo cac 10i giai tot.Do d6, nang cao chét luong thuat toan.
Ta thay chat lugng cua thong tin heuristic tot s& nang cao hiéu qua thuat
toan.Tuy nhién, cdc quy tic ndy khong phai ludn co dugc va rat kho co thé
can thiép dé thay doi chat luong. Do viy, ta S& quan tim téi cach cap nhat mui
dé nang cao chét luwgng thuat toan. Dudi day, sau khi nhan xét chung vé dac
tinh khai thac va kham pha cua cac thuit toan, Tién si D3 Puc Pong [2] dua

ra mot so dé xuat.

2.4.2.1. Tinh khai thac va kham pha

Tinh khai thac 1a viéc tap trung tim kiém loi giai xung quanh pham vi ciia cac
canh thudc cac 1oi giai tot nhat da duoc biét cho téi thoi diém dang xét, con
tinh kham pha 1a tim kiém & cac pham vi khac. Trong cach cap nhat mui G-
best, ta d biét w(t) nén viéc tim kiém quanh n6 s& han ché nhiéu tinh kham
pha, con khi cap nhat theol-best s& ma rong mién nay hon. Vi vay, trong thuc
nghiém cap nhat theol-best s& cho két qua tét hon G-best.

Trong cac bai toan toi wu té hop, xac sudt mot phuong an cho trude duoc

Kién tim rag mdi lan lap 1 rat bé. Vi vay, c6 thé sau mot sé budc lap, cuong
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d6 vét mui trén mdi canh khong thudc w(t)sé bé,do d6 lam giam kha ning
kham pha, mic du chung c6 thé co trién vong thuoc 10i giai tot.

Cdc diém han ché ciia ACO

1) Ménh dé trén cho thay khi thuat toan mai bat dau, cac vét mui dugc khai
tao nhu nhau, mot canh (k, k) “t6t hon” canh (i, ), do nd thudc chu trinh dai
hon c6 thé bi dao nguoc mot cach rat ngau nhién. Khi mot canh do ngau
nhién khong duoc cap nhat mui, sau mot sb budc cuong d§ mui cua n6 nhanh
chong bi giam xudng va do vay kho duoc Kién chon & budc sau d6, mic du
“chat lugng” cua né chua chic da 1a “xau”.

2) Néu khoi tao muii nhu nhau va khong dung thong tin heuristic, xac suét cua
mdi canh duoc kién da cho sir dung trong lan lip dau séla nZTl-XéC sudt ndy rat
bé khi n 16n. Nhu vay, iy theo tirng loai bai toan ma ty 1¢ giita 7, va t,sé rat co
¥ nghia cho can bang giira tinh kham pha va tinh khai thac cta thuat toan.

3) Cac lugng mui cap nhat theo cac cong thuc tir (2.8) dén (2.11) phu thudc
vao gia tri ham muc tiéu cua loi giai duoc kién xdy dung duogc trong cac budc
Iap. Viéc xac dinh cac gia trity va 11 hayt,,, va Tne cling phu thudc vao
tuong quan véi cac gia tri chua dugc xac dinh trudc nay cua tung bai toan,

khi @6 thuit toan méi tét duoc. Tuy nhién, diéu nay rat kho thuc hién.

2.4.2.2. Cac thuit toan cip nhat mui theo quy tic ACS

Nhu da noi & muc 3.2.2, cach cap nhat mui toan cuc ciaa ACS [19] thuc
hién bay hoi d6i Vi cac canh khong duoc kién chon. Vi vay, khong dam bao
cuong do vét mui thoa man diéu kién thudc khoang [tmin, rmax].Vét mui cua
nhitng canh, khong duogc kién sir dung va khong thudc duong di tdt, s& nhanh
chong dan vé 0,]am cho céac con kién sau s& c6 bo qua cac canh nay. Tuy vay,
nhu d3 chi ra ¢ trén, canh ndy van c6 thé 1a canh tham gia vao 10i giai
“t5t”,nhung bi loai do rai ro. Hién twong nay lam giam tinh kham pha cua
ACS, vi thé hiéu qua cia ndé kém MMAS (xem [31])
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Quy tic cap nhat mui toan cuc trong [19] (duoc gidi thiéu & chuong trude) da
khic phuc duoc han ché nay nén dén nay nd duoc thay cho cach cap nhat &
[5]. Tuy vay, viéc cap nhat dia phuong chwa cho thiy 16 ¥ nghia ctia hoc ting

cuong.

2.4.2.3. Cac thuat toan cAp nhat mii theo quy tic MMAS
Theo quy tic nay, viéc tim kiém chi tap trung quanh 10i giai tét nhit, con cac
canh khong thudc 1oi giai ndy s& c6 cuong d6 vét mui nhanh chéng tut vé
Tnin Vi vay, Khiz,,;, Nho hon nhiu o V&i z,,, ,tinh kham phé s& kém, con
néu chon 7, 9an Vi, thi thuat toan chu yéu la tim kiém ngiu nhién dya
theo thong tin heuristic.
Trong [2] dé xuat quy tac cai tién cia ACS vaAMMAS:

a) Phuong phap cap nhat mui da murc: MLAS (Multi-level Ant System)
Dua vao nhan xét & muc trudc, thay cho viéc bay hoi vét mui ¢ cac thanh
phan khong thudc cac 101 giai cua mdi con kién trong mdi lan cap nhat mui &
mdi budc 13p, ta cho 7, va z,,,, ting dan. Do léch gitra 7; va 7,4, cho phép
ta diéu khién tinh hoi tu va kham pha.Néu thay 1oi giai tot it thay di thi cho
71 9An 7,,, dé ting tinh kham pha va nguoc lai, cho 7 dich xa 7, dé cho
loi giai tap trung tim kiém quanh 1oi giai tét nhat tim duoc.
Quy tic nay da thir nghiém cho cac bai toan TSP va JSS, cho két qua kha
quan so voi MMAS.Tuy nhién, viéc diéu khién do léch gitta 7; va z,,, rat
kho ap dung cho céc bai toan cu thé, nén chung t6i thay boi phuong phéap 3-
LAS s& trinh bay ¢ phan ¢) dudi day.
b) Phwong phap Max-Min tron: SMMAS (Smoothed Max Min Ant System)
Dua vao nhan xét & muc trén, ta thay khong nén giam vét mui & cac canh
khong thudc 1oi giai tot qua nhanh nhu trong quy tic MMAS, ma nén dung
quy tic Max-Min tron nhu sau:

7 <« (1—p)7y; + ATy (2.12)
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Vo
PTmin néu (i,j) ¢ W(t)
PTmax NEU (1, J) € W(T)

At = {
Khi cai dt, 14y T = Tmax.
¢) Phuong phap 3-LAS (Three-level Ant System)
Ddi Vv6i cac bai toan str dung thong tin heuristic, anh hwéng nhiéu téi chét
luong tim kiém 10i giai, chang han nhu bai toan TSP, phuong phép 3-LAS
tuong tu ACS, nhung dé ding hon va hiéu qua tt hon. Phuong phap nay st
dung thém tham s6 T,,;; thudc Khoang (T, » gy ) V& c4p Nhat mui tuong tu
SMMAS cho céc canh c6 kién sir dung hoic thudc w(t).Cu thé 1a:

7, « (1—p)t;; + Aty (2.13)
Vo
PTmax  NeU (,)) € w(t)
At ; = {pTmig  MEuV(,j) € w(t) vacé kién di qua
PTmin Cho cac canh con lai

2.4.2.4. Uu diém khi sir dung SMMAS va 3-LAS
Ta thay thuat toan SMMAS va 3-LAS c¢6 mdt s6 vu diém sau so véi ACS va
MMAS.
1) Véi ACS va MMAS, dé xac dinh 7 hay 7, vaz,,,, nguoi ta can tim mot
[0 giai theo phuwong phap heuristic va dua vao gia tri ham muc ti€u cta né. Vi
gia tri ham muc tiéu nay nhan dugc ngiu nhién, nén kho xac dinh tét tham sb
cho hoc ting cudng. Quy tic cap nhat méi cho phép ta xac dinh cac tham sb
nay don gian va hop 1y hon, cu thé: trong SMMAS va 3-LAS ta khong can
x4c dinh chinh Xac gid tri Ty, , Tmgy Ma chi can xac dinh ti 1& giita
Tin » Tmax - Trong thuc nghiém,luan an ludn thiét dat z,,,, = 1.0 va xac dinh

Tmin Qua ti 1€ gitta 7,,;, , Tpgy - Can nhan manh rang, viéc chi can lya chon ti
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1& gifta 7, , Tng,e doOn gidn va mat it thoi gian thuc nghiém hon rat nhiéu so
v6i viée lya chon cu thé hai tham s6 7, , gy -

2)Viéc thém mui cho cac canh thudc 1oi giai tét & mdi budc lap trong thuat
toan ACS va MMAS, ta phai xay dung hamdé tinh luong mui dugc thém dua
trén chat luong 101 giai do kién xay dung duoc. Vi du, trong bai toan TSP,
ACS va MMAS st dung ham nghich dao d6 dai duong di duoc kién xac
dinh.Piéu nay ciing 1a mot trong nhimg kho khin khi 4p dung ACS (hoic
MMAS) d6i v6i mot bai toan méi.Tuy nhién, trong SMMAS va 3-LAS khong
can phai xdy dung ham nay.

3) Dé dang kiém tra dugc cac thuit toan nay c6 cung d6 phac tap nhu
MMASva ACS, nhung it phép toan hon MMAS vi khong phai tinh ham muc
tiéu & luong mui cap nhat va khong phai so sanh dé gidi han vét mui trong
KNOANG 7,i, » Tmay - Theo cach cap nhat cia SMMAS va 3-LAS, vét mui ludn

trong khoang z,,i, » Tnax -

2.4.3. Tinh bat bién

Mot sb tac gia da xét tinh bat bién cua cac quy tac cap nhat mui khi ham muyc
tiéu duoc bién @i tuyén tinh don diéu [10,37]. Dé khao sat tinh bat bién, ta
can khai niém vé cac thé hién cua bai toan toi vu t6 hop va gia thiét vé tinh
l3p cia may tao sb gia ngau nhién.

Pinh nghia 2.2. (Thé hién caa bai toan)

Xét hai bai toan tdi wu t6 hop(S, £, Q)va (S, £, Q).Ta s& goi chung 1a hai thé
hién I va I’ tuong ung caa mot bai toan, néu £'(s) = g(f(s)) voi moi s
thuoc S trong d6 g 1a ham don diéu tang chat.

Thong thuong ta s€ xét g thugoc mot nhom cac ham G nao do.

Pinh nghia 2.3. (Gia thiét vé tinh 13p cia may tao sb gia ngau nhién)
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Khi chay mét thuat toan tim kiém ngau nhién cho hai thé hién cua mot bai
toan, cac quyét dinh dua trén cac thi nghiém ngau nhién nhd mot may tao sd
gia ngau nhién. Ta gia thiét cac sé nay duoc tao ra cing mot phuong phap
(chang han cung mét gidng:seed), nhu vay diy s6 ngau nhién tao ra khi giai
hai thé hién 1a nhu nhau va ta goi n6 13 may phat 1ap.

Bay gio ta dinh nghia tinh bat bién cua thuat toan.

Pinh nghia 2.4. (Tinh bét bién cua thuat toan)

Ta noi thudt toan A bat bién trén nhom bién d6i don diéu G ddi véi bai toan
(S, f, ) néu khi sir dung né nhd mot may phat 1ap dé giai hai thé hién cua bai
toan van cho ta cing mot day 1oi giai va vét mui.

Birattari [10] va Zang [37] d3 xét tinh bat bién cua mot s thuat toan
nho bién d6i tuyén tinh don diéu ting: G = {g(s) = af(s) + b}, trong d6
a> 0.

Ta dé dang kiém tra dugc cac thuit toan SMMAS va 3-LAS bét bién dbi
Vv6i nhom bién ddi don diéu ting cua bai toan (S, £, ) Dinh Iy sau 1a dang.
Pinh ly 2.5.Gia s I va I'la hai thé hién cua mot bai toan ti wu to hop tiy
y.Khi giai bang mot trong hai thuat toan SMMAS hodc 3-LAS véi cung sd
lan l3p nho dung mot may phat 1ap sé cho két qua cing mot day 1oi giai va
Cac vecto vét mui.

Két luan cua dinh 1y 13 hién nhién vi quyét dinh va luong mui thay doi trong
mdi 1an 13p s& nhu nhau & mbi lan Iap.

2.4.4. Két luan chuong

Téi wu dan kién 12 phuong phap metaheuristic duoc ap dung phd bién
cho cac bai toan t6i uu té hop kho, thuc nghiém da ching minh diéu d¢6 mang
lai hiéu qua ndi troi. Xuat phat tir tu tuong tim duong di cua Kién ty nhién,

ngudi ta dd mo phong cac con kién nhan tao tim duong di trén d6 thi cau tric
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theo thong tin heuristic va théng tin hoc ting cudng 13 vét mui dé lai trén

duong di.

Khi 4p dung thuat toan ndy co ba yéu td quan trong quyét dinh chat

lugng thuat toan:

1) Xay dung db thi cau tric
2) Xac dinh thong tin heuristic
3) Chon quy tac cap nhat mui

Hai yéu t6 dau phu thudc vao bai toan cu thé, con yéu té thi ba co
nhiéu dé xuat cai tién. Trong luan van nay co trinh bay ba thuat toan cai tién
quy tac cap nhat mui cua Tién si DS Dtc Pong [2], v6i uu thé da trinh bay tac

gia s& chon quy tac cap nhat miui SMMAS dé ap dung trong thuc nghiém.
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CHUONG III
PHUONG PHAP TOI UU PAN KIEN
GIAI BAI TOAN DONG HANG HAI PO THI
Bai toan déng hang hai d6 thi nhu d3 trinh bay trong chuong I, 13 bai
toan toi uu té hop duoc chang minh thuoc 16p NP-kho [4]. Nhiéu thuat toan
dugc nghién ctru va céng bd cho thdy c6 hiéu qua tir nim 2008 dén nay (xem
[1,29]), tuy nhién,hau hét déu dua trén sy két hop gitra ky thuat tham Vi
thong tin heuristic. Trong chuwong ndy tac gia dé xuat mot giai phap moi
metaheuristic, phuong phap t6i vu dan kién cho bai toan dong hang hai d6 thi.
Sau nay dé tién cho viéc thuc nghiém va so sanh két qua tac gia goi tén
phuong phap nay la ACOPPI (Ant Colony Optimiration to Alignment

Protein-Protein Interraction Network).

3.1. Thuit toan toi wu dan Kién gii bai toan déng hang hai do thi

Nhéc lai bai toan da dé cip & chuong I va cac kién thirc lién quan trong
chuong II.

Bai toan:Gia st G; = (V4,E;) va G, = (V,, E;) 1a hai mang tuong tac
protein, trong do V;,V, ky hi€u tap cac nit md ta cac protein trong mang
Gy, G, tuong ung;E;, E; ky hiéu tap cac canh mo ta mdi quan hé tuong tac
giita cac protein trong cac mang Gy, G,. Khong giam tong quat, ta xem
[Vi| < |V,| trong d6 |V| ky hiéu sb phan ti cua tap V.

Déng hang mang: D6 thi A;, = (Vi,, E;») 1a mot mang dong hang cua hai dd
thi Gy, G, néu n6 thoa man:

i) MOi nat cua Vi, dugce ky hiéu 1a < u;, v; > twong tng v6i mot cap
dinh u; thu¢c V; va v; thudc V.

i) Hai nat phan biét< u;,v; > va <, v > thude Vipthiu; # u; va
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iii) Canh(< w;, v >, < u;, vj' >) thudc E;, néu va chi néu (u;,u;) € E;
va (v;,v;) € E,.
Mot dong hang mangA, = (V1,, E{;) 1a 101 giai cua bai toan dong hang toan
cuc clia cac mang proteins Gy, G, néu né cuc dai global network alignment
score cho boi (1.1):
GNAS(A12) = afEsal + (1-0) <oy Similar (i;, 7))
trong d6 € [0,1] 1a tham s6 can bang giita sy tuong déng Vé t6 pd mang va
su twong dong trinh tu gitra cac nat, gia tri Similar (ui, vj)du:()’c tinh x4p xi
dua trén BLAST bit-scores hoac E-values.
Chii y: nhu dd ndi & phan mé dau, Cac mang tuwong tac protein duoC mo ta
bang db thi, bai toan dong hang mang duoc chuyén tai vé bai toan dong hang
do thi.
* Dir lieu cua bai toan
Input: 1. hai mang PPI (don dd thi)Gy(V4, E1) va Gy(Vs, Ey)
2. tham s6 can bang a€ [0,1]
3. similar(u;,v;)
Output: S6 diém GNASmax tinh theo (1.1)
GNAS(A1) = ofEw| + (1-0)Xv<y, v, > similar (u;, v;)

irYj

Dé giai mot bai toan bang phuong phap ti wu dan kién ta nhac lai cac
yéu té quyét dinh dén hiéu qua thuat toan duoc néu trong [2]

1) Xay dyng d6 thi cau tric thich hop;

2) Chon thong tin heuristic;

3) Chon quy tic cap nhat mui.
Nhan xét: d6i véi mdi bai toan cu thé, viéc ap dung phuong phap cho loi giai
t6t nguoi ta phai tim cach giai quyét timg khau cho phu hop. Téc gia xin trinh

bay mot vai nhan xét sau:
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3.1.1. Xay dung d6 thi cAu tric thich hop

Déi vai mdi bai toan can cd y tudang tong quan cua thuat toan, tir d6 xac
dinh cho kién hoat dong ra sao dé xay dung cau trac cta Kién va do thi cau
tric. Theo tu tudng da trinh bay ¢ chuong II, viéc két hgp ACO véi tim kiém
cuc bo sé& cho két qua tbt, diéu dé ciing dugc kiém chiing qua thuc nghiém[2].
Vi vdy tu tuéng chinh cta tac gia 1a cai tién thuat toan FastNA bang cach ap
dung thuat toan ACO xay dung loi giai ban dau (trong thuat toan FastNA 13
xay dyung loi giai ban dau bang ky thuat tham theo thng tin heuristic). Sau d6
giit nguyén pha thir hai ciia FastNA, d& bo két qua thu dugc trong pha mot chi
gt lai phan khung, tir phan khung d6 ta s& phat trién 1oi giai nho tim kiém
cuc bo dé c6 duoc 1oi giai tot hon, viéc tim 10i giai két thuc theo diéu kién
thoi gian quy dinh. Ly giai cho viéc lua chon trén cua tac gia, vaoi FastNA
viéc tim kiém dua trén thong tin heuristic chi tét khi 10i giai dd duoc xay
dung mot phan, tuy da duoc khiac phuc ¢ pha thir hai nhung két qua ban dau
van anh huong dén két qua cudi ciing cua thuat toan. Véi tu tuong thuat toan
tac gia dé xuat, cac kién sé& xay dung 15i giai ban dau bang cach két hop thong
tin heuristic voi thong tin mui (véi tu tudng nay ta khong can xay dung d6 thi
Cau triic cho bai toan ma chi can mot mang hai chiéu dé luu thong tin mui khi
cac kién dong hang mdi dinh ieV, véi dinh jeV,), cac kién sau s& tim 1oi giai
dua trén co ché hoc ting cuong ¢ vét mui kién trude dé lai. Do 1a co so dé
xay dung 10i giai ban dau trong pha mot tét hon so véi FastNA, tir d6 két qua

tim kiém cuc b & pha tht hai ciing s& cho két qua tét hon;

3.1.2. Chon thong tin heuristic;
Pay 1a bai toan c6 nhiéu cach chon thong tin heuristic (xem[1,4]). Téac
gia chon thong tin heuristic d¢ dong hang hai nat <i,j> khi chung cé nhiéu

mbi lién két véi thanh phan dd ghép duoc nhat. Nut ieV, dé dong hang tiép
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phu thudc vao thong tin sé canh dugc ghép nhiéu nhat voi thanh phan da ghép
dugc trong V; c6 y nghia gi? Co6 thé dit cdu hoi:vi sao khong chon thong tin
nat ieV, c6 bac Ién nhat con lai (cac nat chua duge dong hang) trong V; dé
dong hang tiép? Ta c6 thé 1y giai xuat phat tir cong thuc (1.1) d&¢ GNAS dat
diém s 16n nhatthi khong nhitng nat dugce ghép c6 diém sé similar 16n ma sb
canh dugc ghép Ej, ciing phai 16n. Vi vay néu chon thong tin heuristic theo i
¢6 bac 16n nhat thi chua chac s6 canh ghép vai thanh phan da ghép duogc trong
V; la tét nhat tir d6 viéc chon jev, dé dong s€ khong hi¢u qua (mang tinh

may rai cao);

3.1.3. Cap nhat mui

Theo [2] cho thay quy tic cap nhat mui SMMAS (2.11) 1a mot thuat
toan hiéu quanén tac gia s& nghién ctru dé ap dung vao giai thuat trinh bay
trong luan van.

Thuat toan tac gia dé xuat gdm hai pha chinh, pha thtr nhat tim 15i giai
(dong hang) ban dau, pha thi hai d& bé dong hang ban dau chi giir lai thanh
phan tét nhat (nhiig nat co6 diém sé cao nhét tinh theo 1.5) lam co sé cho
viéc dong hang lai dé tim 15 giai tot hon.

Thuat toan
* Pha thiz nhdt: xay dung dong hang ban dau

Khai tao loi giai ban dau A, = ®, cho tat ca kién chay dong thoi tim 10i
giai, chon 1oi giai cua kién co két qua tét nhat dé 1am dong hang ban dau.
Input: Hai d6 thi Gy, G;

Tham sda
Do tuong tu cua cac cap dinh <i,j> twong tng cua V;,V,. Vi
mdi tip con cic cip dinh Vi, cua tap V; x V,, ky hiéu

Vip = {i Vi< i,j >EVy,}, Viy = {j € Vo1 < i,j >E Vj5)
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Output: Mot dong hang toan cuc ban dau A;,
BLfé’C 1 I(hél taO: V12 = @
Thax = 1; Tmin = Tmax /|V2|
ma tran mui 7 j] = Tmax (11 [V4], J=1..|Vo])
Burée 2. Lap véi k=1 t6i [V;| //mdi kién xay dung 10i giai
2.1. Kién chonnuti trong V; — Vi, ¢ nhiéu canh ndi véi cac dinh cua Vi,
2.2. Nut j € V, dugc lya chon ngau nhién véi xac suat lya chon nut
JEV,voinuti € Vy la:
[t:;1%[n:,;1F

Pi,j = ZlER[Ti,l]a[ni,l]ﬁ ’
0 nguoc lai

néuj €R (3.1)
Trong d6 n;; = GNAS(V,, + (i,j)) la gia tri thong tin heuristic,
a, B 13 hai tham s quyét dinh dén su anh hudng tuong quan gitta
thong tin mui va thong tin heuristic, R 1a tap cac dinh thudc V, ma
chua dugc ghép .
2.3. B sung < i,j > vao Viy;
2.4. Update E;, dua trén V;,; //cAp nhat cac canh ctia E;, sau khi bo sung
cap nut <i,j> vao Vi,
Buée 3. Chon 10i gii ciia kién co két qua tot nhat tinh theo (1.1);

Buoc 4. Cap nhat mui 7
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Pha thir nhat dwoc dac ta bcing thu tuc ACOPPI nhu sau:

Algorithm 1 Procedure ACOPPI
Input: Graph 1: G; = (V4, E;); Graph 2: G, = (V,, E3);
Similarities of node pairs: Similar[i][j];
Balancing parametero,
Output: Alignment network 4,, = (V;3,E;2)
Begin
Vi =0
Toox =L, T =T /[\/2|
Zii] = Fmax (iI=1..V4|, J=1..]V2))
fork=1to|v;|do
i = next_node_align(G,); //kién chon nut i ¢6 nhiéu canh ghép véi thanh
Vi
j = best_node_align(i, G,, G,); // kién tim nut j dé dong hang véi i theo
(3.1)
UpdateV (Vi) /I Vi, =V, u<i,j >
UpdateE(E,,) // cap nhat cac canh cua A,
end-for
UpdateG(GNAS); //chon két qua tt nhat
UpdateT(zfjj}); // cap nhat mui
End

Hinh 3.1: Thuit toAn ACOPPI tao déng hang ban dau
* Pha thir hai: Local seach
D& bo dong hang ban dau chi giir lai nhitng nat (Xxuwong song) co diém
s6 tot nhat tinh theo (1.5) va thyuc hién dong hang lai bang thu tuc Rebuild.

Thu tuc Rebuild.
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Véi Ay, da duoc xdy dung trong phasel va sb Nyeep da cho dé xac dinh
s6 luong nut trong tap SeedV;, , thu tuc ndy dugc dic ta trong hinh 3.2 va
thuc hién nhu sau:

Buée 1. Xac dinh tap SeedV;, ctia V| gdm Nyeep dinh cO score t6t nhat cia V;

theo tiéu chi cho boi (1.5):

Buoc 2. Xac dinh - V;; khoi tao nho SeedV,, va Gy

Bude 3. Thyc hién 1dp v6ik =ny,,, + 1 t6i |V;|de€ x4c dinh Ay,

3.1. Tim node i trong V; — V¢ sb canh t6i cac dinh trong Vi, 16n

nhat;

3.2. Tim node j trong V, — V5 ma khi bo sung < i,j > vao V;, thi
GNAS(A,,) tinh boi Eq(1) 16n nhét, trong d6 Ay, 13 d6 thi ¢6 dinh 1a
tap Vi, va cac canh cam sinh boi G, G,. Khi d6 j duoi goi la
best_matched_node(i, V; ,);

3.3.Bosung < i,j > vao Vyy;

3.4. Update E;, dua trén V;,;
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Pha thir hai dwec diic td bang thudt todn Rebuild dwdi ddy

Algorithm 2 Procedure of Rebuild

Input: Alignment networkA;;;nyee,

Output: Better Alignment network4,, = (Vi3, E13)
Begin

Build Seedv;,;

Build v,/ Tinh diém cta cac dinh thudc V; theo (1.5) sau d6 sap xép
giam dan va gilr lai nyeep nUIL cuia V theo thir tyr diém giam dan va Neep NUL CUA
V,da dong hang twong tng véi cac nut gitr lai trong Vi

fork=ny,., +1 to|v;|do

i = find_next_node(G,);
j = choose_best_matched node(i, G;, G,);
Vig = Vi U< i,j >
Update(E;,) /Cap nhat cac canh khép khi bo sung thém <i,j>
end-for

end

Hinh 3.2: Thuat toan Rebuild xay dwng lai loi giai

Nhan xét: Khi cho hai pha 1ap voi s6 1an xac dinh, sau mdi lan lap cac kién
tim 101 gidi ta s€ chon dugc mot 101 giai tdt nhat, roi cap nhat mui dé lai trén
duong di. Nhitng 1an 13p sau cac kién da c6 thong tin mui gitp cho viée hoc
tang cuong, tir d6 chon dugc cach dong hang tot hon.

Panh gia do phuc tap thoi gian cta thudt toan tac gia dé xuat, ta thay o
giai doan mot k kién dong thoi tim diém jeV, dé dong hang vdi mdi diém
i eV, vay do phuec tap la

O(k < [V1| x |V) (3.1)
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Thuyc hién n lan 1ap, phuc vu cho viéc cap nhat vét mui va hoc tang cuong khi
kién tim duong di. Vay do phirc tap vé thoi gian ctia toan bd pha thir nhat 1a
O(n x k x |V1| x |V2]) (3.2)
O giai doan hai d6 phirc tap O(|VI| x (|E1| + |Ea|) (3.3)
Vay ca hai pha s€ c6 do phuc tap la:
O(n x k x |V1| x (|E4| + |E)) (3.4)

3.2. Thuwe nghiém, so sinh két qua véi phwong phap SPINAL va FastNA

Tac gia tién hanh thuc nghiém chuong trinh V&i cac b dir liu ma
SPINAL va FastNA dung thuc nghiém, tir 6 1am co s dé so sanh hiéu qua
Va1 hai phuong phap nay.

3.2.1. Thue nghiém
Bang 3.1:Théng tin vé dir liéu

No. of
dataset No. of protein interaction
ce 2805 4495
dm 7518 25635
sc 5499 31261
hs 9633 34327

V6i 4 bo dir ligu mang PPI: Saccharomyces cerevisiae (sc), Drosophila
melanogaster (dm), Caenorhabditis elegans (ce), and Homo sapiens (hs). Cac
dir liéu nay 1ay tir [24] véi ¢& mang (s protein-sb ndit va tuong tac-s6 canh)
dugc cho trong Bang 3.1. Nhu vay cé 6 cap mang khac nhau (ce-dm , ce-hs,
ce-sc, dm-hs, dm-sc, hs-sc) dé tién hanh dong hang. Tham sb a nhan nim gia tri
lan luot béng 0.3, 0.4, 0.5, 0.6, 0.7 nhu trong [4]. Véi mdi cap mang PPI va

mot tham sé atac gia thuc hién chuong trinh 20 1an (kiém tra tinh 6n dinh cua
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thuat toan), mdi 1an st dung 10 kién (d6ng thoi tim duong di) va sb vong 1ap
1a 100 (thé hién cach hoc ting cudng cua kién, sau mdi vong 1ap s& cap nhat
mui trén dudng di cua Kién, 1an l3p sau cac kién s& c6 thong tin mui dé lai trén
duong di).

Thuc nghiém cho két qua 1a dir liéu trong Bang 3.2 va Bang 3.3, V4i
mdi bo dir lieu (Mot hang) tac gia ldy gia tri tot nhét, toi nhat, trung binh theo
hai tiéu chi GNAS (sé diém dong hang theo 1.5) va EC (s6 canh khép), véi
tiéu chi GNAS tac gia tinh thém do léch chuan dé kiém tra tinh 6n dinh cua
thuat toan. Cac sd liéu cho thay do léch chuan binh quan cua tat ca cac 1an
thuc nghiém 14 36.6 twong ung Vi s6 diém dong hang binh quan 2629.47
chiém ti 18 1.39%. Trong d6 do léch toi nhat 1a 3.33% (cta bo dir liéu ce-dm,
0=0.3, c6 do léch chuan 1a 28.2 va s6 diém dong hang binh quan 1a 793.27),
thuat toan thé hién tinh 6n dinh nhat véi d6 léch chuan 13 0.74% (b6 dit liéu
dm-hs, 0=0.6 c6 d6 léch chuan 13 34.3 va s6 diém déng hang binh quén
4614.06). Néu xem xét k¥ ta thay chi co 02 bo dit liéu c6 do léch chuan trén
3% (ce-dm, 0=0.3; ce-sc, 0=0.5), con lai déu dudi 3%. Piéu d6 cho thay tuy
1a mot thuat toan mang tinh tu nhién nhung c6 hoc ting cudng sau mdi lan
thuc hién da cho két qua c6 tinh 6n dinh, it bién dong. Theo tiéu chi EC két
qua thé hién ¢ bang 11, két qua nay cho thay sé canh khép dugc EC ti Ié
thuan véi két qua GNAS,
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Bang 3.2: Két qua thuc nghiém ciia ACOPPI theo tiéu chi GNAS

GNAS

I Do léch .
Diz licu ¢ Totnhat | Toi nhat Tr‘u ng chudn Tile%
binh
0.3 871.90 832.52 845.87 28.2 3.33%
0.4 1132.28 | 1098.48 | 1117.88 17.1 1.53%
ce-dm 0.5 1423.58 | 1370.75 | 1398.01 30.9 2.21%
0.6 1695.37 | 1640.24 | 1675.85 25.5 1.52%
0.7 1988.85 | 1882.64 | 1948.93 49.8 2.55%
0.3 907.83 879.68 897.11 14.0 1.56%
0.4 1204.98 1151.3 | 1182.04 28.1 2.37%
ce-sc 0.5 1533.92 | 1464.01 | 1490.97 47.1 3.16%
0.6 1814.15 | 1777.82 | 1794.66 22.0 1.23%
0.7 2125.83 | 2038.63 | 2091.70 43.1 2.06%
0.3 947.17 921.03 933.16 16.2 1.74%
0.4 1253.58 | 1216.44 | 1233.45 23.4 1.89%
ce-hs 0.5 1584.46 1526.57 | 1552.57 37.1 2.39%
0.6 1881.86 | 1827.45 | 1856.31 29.8 1.60%
0.7 2209.16 2093.65 | 2161.71 56.4 2.61%
0.3 2338.23 2279.92 | 2311.71 314 1.36%
0.4 3100.49 | 3065.58 | 3078.24 24.2 0.79%
dm-hs 0.5 3903.09 | 3807.47 | 3843.51 67.1 1.75%
0.6 4643.84 | 4592.64 | 4614.06 34.3 0.74%
0.7 5418.28 | 5237.49 | 5355.05 83.6 1.56%
0.3 2064.87 | 2016.55 | 2045.85 22.6 1.10%
0.4 2745.92 2709.92 | 2728.14 21.5 0.79%
dm-sc 0.5 3440.56 | 3387.25 | 3408.96 35.7 1.05%
0.6 4146.21 | 4072.89 | 4107.10 46.6 1.13%
0.7 4823.11 | 4734.98 | 4782.83 45.8 0.96%
0.3 2470.01 2430.87 | 2448.04 25.8 1.05%
0.4 3292.55 322492 | 3262.86 37.5 1.15%
hs-sc 0.5 4121.73 4047.1 4090.46 39.5 0.97%
0.6 4948.06 | 4823.59 | 4893.83 64.3 1.31%
0.7 5770.44 5678.02 | 5733.31 50.1 0.87%
D¢ léch chudn binh qudn 2629.47 36.6 1.39%
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Bang 3.3: Két qua thuc nghiém ciia ACOPPI theo tiéu chi EC

Dit ligu a Z 7 EC Z )
Tot nhat Toi nhat Trung binh

0.3 2880 2749 2792.6

0.4 2814 2728 2777.7

ce-dm 0.5 2839 2732 2786.4

0.6 2819 2727 2786.5

0.7 2838 2685 2780.0

0.3 3009 2914 2973.4

0.4 3003 2866 2944.6

ce-sc 0.5 3061 2920 2974.6

0.6 3020 2958 2986.5

0.7 3034 2909 2985.3

0.3 3132 3042 3084.5

0.4 3120 3024 3067.1

ce-hs 0.5 3160 3041 3094.6

0.6 3129 3038 3086.6

0.7 3152 2985 3083.5

0.3 7740 7548 7652.0

0.4 7716 7631 7661.2

dm-hs 0.5 7783 7592 7664.4

0.6 7725 7640 7675.2

0.7 7731 7472 7640.3

0.3 6862 6700 6797.6

0.4 6850 6760 6806.1

dm-sc 0.5 6871 6765 6808.3

0.6 6905 6782 6838.7

0.7 6886 6760 6828.6

0.3 8205 8075 8132.5

0.4 8215 8045 8141.5

hs-sc 0.5 8232 8085 8170.5

0.6 8239 8032 8149.6

0.7 8239 8108 8186.2

Trung binh 5245.2
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3.2.2. So sanh

Tu dir liéu trong bang 3.2 va bang 3.3, tac gia tién hanh 1ay két qua
trung binh so sanh véi két qua cua hai thuat toan SPINAL va FastNA, thé
hién trong bang 3.4 va bang 3.5.

Véi mdi bo dir liéu 1a mot cap mang PPI va mot gia tri tham s a tac
gia so sanh két qua cua thuat todan ACOPPI véi SPINAL va FastNA theo hai
tiéu chi GNAS va EC. Bang dit liéu 3.4 va 3.5 cho thay, toan bo két qua cua
ACOPPI déu vuot troi so voi SPINAL va hon dang ké so véi FastNA. Pic
biét, két qua toi nhat trong 20 lan chay cia ACOPPI ciing déu tét hon FastNA
va SPINAL.Theo tiéu chi GNAS thi két tét nhat cia ACOPPI so vaoi SPINAL
hon 1667.09 diém (chiém 41% két qua cia SPINAL dua ra), so voi FastNA
hon 453.43 diém (8.6%); két qua thap nhat cia ACOPPI so véi SPINAL van
hon 127.88 (18%) diém, so véi FastNA hon 51.4 (2.3%) diém. Tinh theo tiéu
chi EC thi két qua tét nhat cuia ACOPPI so véi SPINAL 14 2548.5 (46%)
canh khaop, két qua thap nhat hon 449.6 (19%) canh khép, so voi FastNA tét
nhat hon 648.1 (8.6%) canh khap, thap nhat hon 161.5 (2.1%) canh khép.
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Bang 3.4: So sanh két qua thwc nghiém ciia ACOPPI véi SPINAL va

FastNA theo tiéu chi GNAS

Dir

i Thuét toan 0=0.3 a=0.4 0=0.5 a=0.6 0=0.7
SPINAL 717.99 941.19 1159.93 1350.59 | 1586.87
ce-dm | FastNA 778.46 1034.20 1290.11 1545.86 | 1801.24
ACOPPI 845.87 1117.88 1398.01 1675.85 | 1948.93
SPINAL 728.26 993.07 1229.95 1501.61 | 1764.93
ce-hs | FastNA 863.46 1144.17 1429.89 1708.81 | 1994.87
ACOPPI 933.16 1233.45 1552.57 1856.31 | 2161.71
SPINAL 709.12 963.28 1168.95 1422.74 | 1683.13
ce-sc | FastNA 834.79 1109.93 1389.21 1663.39 | 1936.83
ACOPPI 897.11 1182.04 1490.97 1794.66 | 2091.70
SPINAL 1883.22 2517.23 3160.48 3790.79 | 4451.60
dm-hs | FastNA 2260.31 3007.11 3755.36 4496.45 | 5242.32
ACOPPI | 2311.71 3078.24 3843.51 4614.06 | 5355.05
SPINAL 1579.06 2075.14 2668.65 3180.27 | 3759.07
dm-sc | FastNA 1977.82 2631.85 3290.03 3950.16 | 4603.41
ACOPPI | 2045.85 2728.14 3408.96 4107.10 | 4782.83
SPINAL 1731.81 2253.66 2839.00 3434.54 | 4066.22
hs-sc | FastNA 2268.21 3017.96 3772.96 4520.51 | 5279.88
ACOPPI | 2448.04 3262.86 4090.46 4893.83 | 5733.31
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Bang 3.5: So sanh két qua thwc nghiém ciia ACOPPI véi SPINAL va

FastNA theo tiéu chi EC
Dir

liu Thuat toan 0=0.3 0=0.4 a=0.5 0=0.6 0=0.7
SPINAL 2343.0 2320.0 2300.0 2237.0 2258.0

ce-dm | FastNA 2560.7 2564.6 2567.2 2567.7 2567.6
ACOPPI 2792.6 2777.7 2786.4 2786.5 2780.0
SPINAL 2370.0 2446.0 2437.0 2487.0 2512.0

ce-hs FastNA 2842.8 2838.1 2844.9 2838.0 2843.4
ACOPPI 3084.5 3067.1 3094.6 3086.6 3083.5
SPINAL 2326.0 2384.0 2323.0 2361.0 2398.0

ce-sc FastNA 2761.1 2761.2 2769.7 2766.5 2763.1
ACOPPI 2973.4 2944.6 2974.6 2986.5 2985.3
SPINAL 6189.0 6235.0 6282.0 6291.0 6344.0

dm-hs | FastNA 7478.3 7481.9 7429.0 7478.2 7478.8
ACOPPI 7652.0 7661.2 7664.4 7675.2 7640.3
SPINAL 5203.0 5150.0 5311.0 5283.0 5360.0

dm-sc | FastNA 6569.7 6565.5 6570.7 6577.4 6572.3
ACOPPI 6797.6 6806.1 6808.3 6838.7 6828.6
SPINAL 5703.0 5593.0 5651.0 5706.0 5798.0

hs-sc FastNA 7531.8 7528.5 7535.2 7527.0 7538.1
ACOPPI 81325 81415 8170.5 8149.6 8186.2
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KET LUAN VA HUONG PHAT TRIEN

ACOPPI 1a phwong phap metaheuristic cho bai toan déng hang hai d6
thi, c6 ¥ nghia trong sinh hoc 13 cung cép thong tin gitip phat hién chirc ning
clia cac protein. Ngoai ra con bd sung thém vao 1y thuyét do thi mot phuong
phap méi cho bai toan dong hang d6 thi.

Thuc nghiém cho thay so v6i cac phuong phap heuristic trudc day, thdy
thuat toan dé xuat co tinh 6n dinh va c6 diém déng hang, sd canh khdp vuot
trdi so voi SPINAL va t6t hon dang ké so v6i FastNA.

Trong [4], cac tac gia co dé xuat mot phién ban cua SPINAL cho tiéu

chi GOC, @6 ciing 12 hudng phat trién lun vin.
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