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MO PAU
Trong thyc té va khi xay dung cac hé thong tin, ta thuong gap cac bai toan toi
vu t6 hop (TUTH), trong dé phai tim céc gid tri cho cac bién roi rac dé 1am cyc tri ham
muc tiéu nao d6 (xem [31,60]). Da s cac bai toan nay thuoc Iép NP-kho. Trir cac bai
toan c& nho c6 thé tim loi giai bang cach tim kiém vét can, con lai thi thuong khong

.....

thé tim duoc 10i giai tdi uu.
Dbi véi cac bai toan ¢ 16n khong co phuong phap giai dung, dén nay nguoi ta
van ding céc cach tiép can sau:
1) Tim kiém heuristic, trong d6 dua trén phan tich toan hoc, ngudi ta dua ra cac
quy tic dinh hudng tim kiém mot loi giai du tét.

.....

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

3) Tim loi giai gan ding nho cac thuat toan md phong tu nhién (xem [31,57,60])
nhu mé phong luyén kim (Simulated Annealing - SA), giai thuat di truyén
(Genetic Algorithm - GA), t6i wu bay dan (Particle Swarm Optimization -
PSO)...

Hai cé4ch tiép can dau thuong cho 10i giai nhanh nhung khong thé cai thién thém
loi giai tim duoc, nén céch tiép can thir ba dang dugc sir dung rong réi cho céac bai toan
ca lon.

Trong cac phwong phap mo phong tu nhién, téi wu dan kién (Ant Colony
Optimization - ACO) 14 cach tiép can metaheuristic twong ddi méi, dugc gidi thicu boi
Dorigo nam 1991 (xem [28,29,31]) dang dwoc nghién cuu va tng dung rong rai cho
cac bai toan TUTH kho (xem [7,9,10,31,36,37,55,59,63]).

Céc thuat toan ACO md phong cach tim duong di cua cac con kién thuc. Trén

duong di, mdi con kién thuc dé lai mot vét hoé chat goi la vét mui (pheromone trail) va
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theo vét mui cua cac con kién khac dé tim duong di. Puong c6 néng d6 vét mii cang
cao thi cang c6 nhiéu kha niang duoc céc con kién chon. Nho céch giao tiép gian tiép
nay [31], dan kién tim duoc dudng di ngin nhat tir to t6i ngudn thirc an. Theo ¥ tuong
d6, cac thuat toan ACO sir dung két hop théng tin kinh nghiém (hay con goi la thong
tin heuristic) va hoc ting cudng qua cac vét mui cua cac con kién nhan tao dé giai cac
bai todn TUTH bang cach dua vé bai toan tim duong di t6i uu trén d6 thi cau tric

tuong tng cua bai toan.

Véi mdi bai toan TUTH (S, f,Q), trong d6 S la tap hitu han cac phuong an
chap nhan duoc, f 1a ham muc tiéu xac dinh trén S va Q 1a dé xac dinh S qua céc thanh
phan cua tap hitu han C va céc lién két cua tap nay, mdi 1oi giai s trong S s& tuong tng
véi mot hoac mot tap hiru han cac vecto x =< uy, ..., u;, > (u; eC Vi<k<h) c6 do dai
bi chin thoa man cé4c rang budoc Q. Nhu vay, viéc tim kiém cac 10 giai trong S dugc
dua vé xay dung 1oi giai trén cac vecto do dai khdng qué h théa man rang budc da cho.
Vé ly thuyét, qua trinh giai c6 thé thyc hién trén do thi day da co6 tap dinh dugc gan
nhan boi tap C véi mot sé théng tin thém (duoc goi 1a d6 thi ciu trdc). Tay theo cac
rang bugc ma trong nhiéu trudng hop ta c6 thé xét bai toan tim trén d6 thi cau trac don

gian hon dé thu hep mién tim kiém.

Trong mdi 1an l3p cua cac thuat toan, mot dan kién nhan tao s& xay dung loi giai
theo thu tuc phat trién tuan tu trén d6 thi cau trac, sau d6 so sanh 10i giai tim dugc dé
cap nhat vét mui nhu 1a thong tin hoc ting cudng dung cho cac vong lap sau. Nho dé
ma loi giai dugc cai tién dan. Cac thuat toan nay duoc ap dung rong rai dé giai nhiéu
bai toan kho va hiéu qua noi troi cua chling so voi cac phuong phap mo phong tu nhién

khac di dwoc ching té bang thuc nghiém.

Khi &p dung phuong phap ACO cho mdi bai toan cu thé, c6 ba yéu té quyét dinh

hiéu qua thuat toan:
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1) Xay dung d6 thi cau tric thich hop;
2) Chon thong tin heuristic;
3) Chon quy tac cap nhat mui.

Hai yéu t6 dau phu thudc vao dic diém cua ting bai toan cu thé, con quy tac cap
nhat mui 1a yéu t6 phd dung cho cac bai toan va nd thuong dung lam tén dé phan biét
cac thuat toan ACO.

Thuat toan ACO dau tién [28] la thuat toan hé kién (Ant System - AS) giai bai
toan nguoi chao hang (Traveling Salesman Problem - TSP). Bén nay da c6 nhiéu bién
thé duoc dé xuat, thong dung nhat 1a hé dan kién (Ant Colony System - ACS) [30,31] va
hé kién Max-Min (Max-Min Ant System - MMAS) [66]. Ngoai cac két qua duoc kiém
chung bang thyc nghiém trén cac bai toan tng dung, da co nhiéu nghién ctu vé dac
tinh cua céc thuat toan [8,10,36-38,55,65] nhu anh huwdng cua vét mui, thoi gian chay
va tinh hoi ty, tinh bat bién ddi véi bién doi cia ham muc tiéu,... nham hiéu rd va cai
tién cac thuat toan.

Khi ap dung céc thuat toan théng dung nhu ACS va MMAS, ngudi ta phai tim
mat 11 giai du tét, trén co sd d6 xac dinh céc tham sb cho can trén va can dudi cua vét
mui. Diéu nay gay nhiéu kho khin khi 4p dung thuat todn cho céc bai toan méi. Ngoai
ra, van dé lugng mui cap nhat cho mdi thanh phan trong db thi ty 18 voi gia tri ham
muc tiéu cua loi giai chra no liéu c6 phan anh dung thong tin hoc ting cuong hay

khong cling con phai thao luan.
Nhiém vu tac gia luan an dat ra la:

1) Phan tich xu thé bién thién cua vét mui trong cac thuat toan ACO, trén co so d6 dé

XUat cac quy tac cap nhat mui dé sir dung va hiéu qua hon;
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2) Ap dung két qua dat duoc, dé xuat cac thuat toan giai mot sé bai toan thoi su trong

cong nghé sinh hoc.

Trong luan an nay, dua trén cac phan tich todn hoc, ching toi dé xuat quy tic
Max-Min tron (Smoothed Max-Min Ant System - SMMAS) nhu 1a cai tién cua thuat
toan Max-Min. Uu diém ndi troi caa chung dugc kiém dinh bang thuc nghiém qua déi
VGi cac bai toan chuan nhu: 14p lich san xuét (Job Shop Scheduling - JSS), ngudi chao
hang (Traveling Salesman Problem - TSP), quy hoach toan phuong nhi phan khéng
rang buoc (Unconstrained Binary Quadratic Programming- UBQP). Truong hop cac
thdng tin heuristic c6 anh huong nhiéu toi két qua tim Kiém, chung toi dé xuat quy tac
3 mirc (Three-Level Ant System - 3-LAS) va kiém dinh hiéu qua cua n6 trong bai toan
ngudi chao hang. Ngoai ra, dé diéu tiét linh hoat tinh khdam pha va khai thac cua
phuong phap ACO, chung t6i ciing goi y phat trién thuat toan da muc (Multi-level Ant
System - MLAS). Trong cac quy tic ndy, SMMAS don gian, dé sir dung hon.

Hién nay, ang dung céng nghé thong tin dé nghién ctu sinh hoc phan tir dang
duoc quan tdm. Nhd quy tic cap nhat mdi SMMAS, luan an dé xuat cac thuat toan mai
giai cac bai toan thoi sy trong sinh hoc: bai toan suy dién haplotype, bai toan tim tap
hat gidng c6 cach téi wu, tim tham sé trong phuwong phip SVM (Support Vector
Machine - SVM) dung cho bai toan dy bao hoat dong diéu tiét gen. Uu diém ndi troi
cua cac dé xuat moi dugc kiém nghiém bang thuc nghiém trén dix liéu tin cay.

Céc két qua cua luan an da duoc cong b trong 7 bao céo hoi nghi qubc té [20-
26], mot bai béo ¢ tap chi “Tin hoc va diéu khién hoc” [1] va mot hoi thao toan quéc
“Céc chu dé chon loc ciia cdng nghé thdng tin “[2].

Ngoai phan két luan, luan an duoc to chirc nhu sau. Chuong 1 gidi thiéu phat
biéu bai toan téi vu t6 hop dang téng quét. Nhitng nét chinh cia phuong phap tdi uu

dan kién duoc gigi thiéu trong chuwong 2. Chuong 3, dua trén phan tich toan hoc vé
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bién thién vét mui, luan an dé xuét cac thuat todn mai: MLAS, SMMAS va 3-LAS.
Hiéu qua cua thuat toan duoc kiém nghiém trén hai bai toan cb dién TSP va UBQP.
Chuong 4 trinh bay thuat toan ACOHAP giai bai toan suy dién haplotype va so sanh
hiéu qua cua né véi hai thuat toan théng dung, dugc xem 1a tét nhat hién nay: RPoly
[32] va CollHap [68]. Chuong 5 trinh bay thuat toan AcoSeeD giai bai toan tim tap hat
gidng cd céach t6i uu va so sanh hiéu qua cua nd véi hai thuat toan SpEED [50] va
SpEEDfast [51], duoc xem la tét nhit hién nay. Chuwong 6 gidi thiéu lwgc do
ACOSVM va GASVM st dung phuong phap ACO va thuat toan di truyén dé cai tién
du béo hoat dong diéu tiét gen. Hiéu qua cia no duoc so sanh véi phuong phap ludi

thong dung di dugc Zinzen da dé xuét st dung trong [71].
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Chuong 1. TOI UU TO HQP

Trong cac bai toan thyc té ciing nhu trong 1y thuyét, ta thuong phai tim céc gia
tri cho cac bién roi rac dé cyc tri ham muc tiéu nao d6. Cac bai toan nay thuong dé
phat biéu nhung lai khé giai do ching thudc loai tdi wu t6 hop (TUTH) NP-kho.
Chuong nay gidi thiéu cac bai toan tbi uu t6 hop dudi dang tong quat, s& sir dung trong
phuong phap t6i wu dan kién, cac vi du minh hoa va nhiing van dé lién quan can dung

vé sau.

1.1. Bai toan téi wu t6 hep tong quat

Trong doi sdng va trong cac hé thong tin, ta thuong phai giai nhiéu bai toan ti
wu t6 hop quan trong. Chang han nhu: tim duong di ngan nhat nbi hai diém trén mot 46
thi da cho, lap ké hoach phan phéi ngudn hang téi noi tiéu thu véi chi phi cyc tiéu, lap
thoi khéa biéu cho gido vién va hoc sinh thuan loi nhat, dinh tuyén cho céc géi dit liéu
trong Internet, 1ap lich hop Iy cho cac hé théng san xuat, d6i sanh cac chudi gen trong
sinh hoc phéan tir v.v...

Vé mat hinh thirc, mdi bai toan TUTH tng véi mot bo ba (S, £, ), trong d6 S
la tap hitu han trang thai (Ioi giai tiém nang hay phuong an), f 14 ham muc tiéu xéac
dinh trén S, con Q la tap cac rang buoc (xem [31]). Mdi phuong 4n s € S théa méan cac
rang buoc Q goi 1a phuong 4n (hay 10i giai) chap nhan dwgc. Muc dich cua ta 1a tim
phuong an chip nhan duoc s* téi wu héa toan cuc ham muc tiéu f. Ching han véi bai
toan cuc tiéu thi f(s*) < f(s) voi moi phuong an chap nhan duoc s. Poi voi mdi bai
toan, déu cé thé chi ra mot tap hiru han gom n thanh phan € = {c,, ..., ¢, } sao cho mdi
phuong an s trong S déu biéu dién duoc nho lién két cac thanh phan trong né. Cu thé

hon, cac tap S, C va Q co cac dac tinh sau:
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1) Ky hiéu X la tap cac vecto trén € cé d6 dai khong qua h: X = {< uy,..., u, >
u; eC Visk<h}. Khi 46, mdi phuwong an s trong S dugc xac dinh nho it nhat mot

vecto trong X nhu ¢ diém 2).

2) Ton tai tap con X* cuia X va anh xa ¢ tir X* 1én S sao cho ¢~ 1(s) khdng rdng Véi
moi s €S, trong d6 tap X* co thé xay dung duoc tir tap con C, ndo d6 cta C nho tha

tuc Mo rong tuan ty duéi day.
3) Tir C, ta m& rong tuan tu thanh X* nhu sau:
i) Taxem x, = < uy > la mo rong dugc véi moi ug € C,,.

i) Gia str x;, =< uy,..., U, > lamo rong duoc va chua thudc X *. Tir tap rang budc Q,
xac dinh tap con J(x;,) cua C, sao cho v&i moi uy,,€ J(x;) thi xq =<

Ug, - -+, Up, U1 > ld MG rong dugc.

iii) Ap dung thi tuc mé rong tir cac phan tir u, e C, cho phép ta xay dung duoc moi
phan tir coa X*.

Nhu vay, mdi bai toan TUTH dugc xem la mét bai toan cuc tri ham cé h bién,
trong d6 mdi bién nhan gié tri trong tap hitu han C ké ca gia tri rong. N6i mot céach
khéc, n6 1a bai toan tim kiém trong khong gian vecto do dai khdng qua h trén do thi
day du co cac dinh c6 nhén trong tap C.

Cha y.

1) Trong bai toan suy dién haplotype & chwong 4, mdi 16i giai duoc biéu dién
qua 2n xau d6 dai m. Céch biéu dién nay khéng mau thuin véi phat biéu bai
toan & trén vi 2n xau nay tng véi mot vecto ¢d do dai 2n. m, trong d6 mdi thanh
phan ciia vecto tuong tng véi mot ky tu trong cac xau con cua xau két hop.

2) Vi céc bai toan TUTH cé dang giai tich: Tim cuc tri ham F(xy, ..., x,,) trong

d6 mdi bién x; (i < n) nhan gi trj trong tap hiru han V; twong ung va cé4c bién
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nay théa man céc rang bugc Q nao do, thi € latap V = UL, V; va X 1a céac vecto
n-chiéu x = (xy, ..., x,,), trong d6 thanh phan x; nhan gia trj trong tap V;, C, la

tap V; con X™ 1a tap cac vecto thoa man cac rang budc Q.

1.2. Cac vi du

Dé thuan tién trong céc trinh bay vé sau, muc nay gidi thiéu hai bai toan TUTH
dién hinh: Bai toan nguoi chao hang (Traveling Salesman Problem - TSP) va bai toan
Quy hoach toan phuwong nhi phan khdng rang budc (Unconstrained Binary Quadratic

Programming - UBQP).

1.2.1. Bai toan ngwoi chao hang

Bai toan nguoi chao hang (Traveling Salesman Problem - TSP) la bai toan
TUTH dién hinh, duoc nghién cttu nhiéu va dugc xem 1a bai toan chuan dé danh gia

hiéu qua cac lugc do giai bai toan TUTH méi (xem [30,31]).
Bai toan dugc phat biéu nhu sau:

C6 mét tap gom n thanh phe (hodc diém tiéu thy) € = {c;},_", @b dai dwong di
truc tiép tir ¢; dén ¢; 1a dij . Mot nguoi chao hang musn tim mgt hanh trinh ngéan nhat
tir noi ¢, di qua mai thanh phé ding mét lan dé gidi thiéu san phdam cho khach hang,

sau dé tro vé thanh pho xudt phat.

Nhu vay, bai toan nay chinh 1a bai toan tim chu trinh Hamilton c6 d6 dai ngan
nhat trén d6 thi day du co trong s6 G = (V, E), trong d6 V la tap dinh véi nhan la cac
thanh phé trong C, E 1a cac canh ndi cac thanh phé twong ing, do dai cac canh chinh 1a
d6 dai duong di gitra cac thanh phd. Trong truong hop nay, tap S s& 1a cac chu trinh
Hamilton trén G, f 1a d6 dai cua chu trinh, Q la rang budc doi hoéi chu trinh la chu trinh

Hamilton (qua tat ca cac dinh, mdi dinh dang mét lan), € 1a tap thanh phd duoc xét
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(trung vai V), C, trung vai C, tap X la vecto do dai n: x = (xq, ..., x,) VOix; ECV i <
n, con X* 1a cc vecto trong d6 x; khac x; déi véi moi cap (i, j).

Do @6, 10i giai téi wu cta bai todn TSP la mot hoan vi m cua tap dinh

{cy,C,..,Cy} sao cho ham d6 dai £ () 1a nho nhat, trong d6 f (1) duogc tinh theo (1.1):
fm =X d@@),n(i + 1) + d(m(n), m(1)) (1.1)
& day d(u, v) la khoang cach tir u dén v.

Bai toan TSP dugc xem la bai todn chuan dé kiém dinh hiéu qua cua cac
phuong phap giai bai toan TUTH mdi voi thu vién dir liéu chuan TSPLIB (Reinelt,
1991) tai dia chi [77] (Dt liéu trong nd s€ duoc su dung trong luan an nay).

Bai toan nay c6 nhiéu tng dung thuc tién, chang han nhu: khoan cac 15 trén
bang mach in (Reinelt, 1994) hay dinh vi cac thiét bi X-quang (Bland & Shallcross,
1989)... [31].

1.2.2. Bai todn quy hoach toan phwong nhi phan khéng rang bugc

Bai toan quy hoach toan phuong nhi phan khéng rang budc (Unconstrained
Binary Quadratic Programming - UBQP) duoc phat biéu nhu sau:

Cho ma tran Q = (g;;) 1a ma tran ddi xtmg kich thuéc n x n. Can tim vecto nhi
phan x gom n thanh phan, x = (x;,%,,..,x,), trong d6 x; = 0 hoic 1 sao cho ham
f(x) dat gié tri 16n nhat:

f(x) = xtQx = XiL1 Xy qijxix; (1.2)

Trong bai todn nay, tap S la tap cac vecto nhi phan d6 dai n, ham f da xac dinh
nhu trén, tap rang budc Q l1a rong. € = {0,1}, C, triing véi C, tap X la vecto do dai n:

x = (xq,...,xy) VOix; €C (i =1,2,..,n), con X~ trung voi X.
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1.3. C4c cach tiép can

Trén day cho thiy cac bai toan TUTH c6 thé dwa vé bai toan tim kiém trén d6
thi. Cac bai toan nay c6 thé giai ding hoic gan ding. V&i nhiing bai toan ¢& nho hoic
c6 dang dic biét ngudi ta co thé tim 1o giai téi wu nhd tim kiém vét can hoac bang mot
thuat ton vai thoi gian da thire, dugc xay dung dya trén cac phan tich toan hoc. Nhiéu
bai toan trong sé d6 1a NP-kho, nén véi cac bai toan ¢ 16n, ngudi ta phai tim 1oi giai
gan dtng. CAc thuit todn giai gan ding cac bai toan TUTH kho thuong dua trén 2 ki
thuat co ban: heuristic cau tric (construction heuristic) va tim kiém cuc bo (local

search).

1.3.1. Heuristic cau truc

Khi khong thé tim duoc 161 giai tdi wu cta bai toan, trong thuc hanh nguoi ta
tim 10i giai gan dung. Mot ky thuat hay duoc ding l1a heuristic cu trac, trong d6 10i
giai cua bai toan TUTH dugc xay dung theo cach mé rong tuan tu. Tir thanh phan khoi
tao trong tap C, & muc 1.1, timg budc md rong khong quay lui, bang cach thém vao
cac thanh phan méi theo phuong thirc ngau nhién hay tat dinh dya trén cac quy tac
heuristic di chon. Cac quy tic heuristic ndy thuong duoc xay dung dua trén cac két
qua phan tich toan hoc hoac kinh nghiém. Phuwong phap heuristic cau trdc tham an sau

day cho ta hinh dung duoc céch tiép can nay (Hinh 1.1).

Procedure Heuristic cau trdc tham an;
Begin
sp < chon thanh phéan u, trong Cy;
while (chua xay dung xong loi giai) do
¢ « GreedyComponent(s,);
Sp « sp" C;
end-while
S < Sp;
Dua ra 10i giai s;
End,;

Hinh 1.1: Phwong phap heuristic ciu triic tham in
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trong d6 GreedyComponent(s,) c6 nghia la chon thanh phan bd sung vao Sp
theo quy tic heuristic da c6. Ky hiéus, * ¢ 1a két qua phép toan thém thanh phan ¢

VA0 s,.

Dé dang hinh dung phuong phap nay khi p dung thuat toan cho bai toan TSP
véi do thi day dua va st dung quy tac heuristic 1ang giéng gan nhdt dé chon dinh thém
vao (tic 1a chon dinh gan nhat chua di qua dé thém vao hanh trinh). Céc thuat toan nay
c6 uu diém 12 ton it thoi gian chay nhung nhuge diém chinh 12 khong cai tién 1oi giai

duorc.

1.3.2. Tim kiém cuc bd

Ky thuat tim kiém cuc bd hay con goi 1a tim kiém dia phuong, thuc hién biang
cach bit dau tir mot phwong an chip nhan duoc, lap lai budc cai tién 10 giai nho cac
thay ddi cuc bo. Dé thuc hién ki thuat nay, ta can xac dinh duoc cdu tric 1an cdn cua
mdi phuong an (161 giai) dang xét, tic 1a nhitng phuong an chap nhan duoc, gan véi no
nhat, nho thay doi mot sé thanh phan. Cach thuong dung 12 1an can k-thay doi, tac 1a
lan cgn bao gom cac phuong an chap nhan dugc khéac voi phuong an dang xét nho thay
d6i nhiéu nhat k thanh phan.

Vi du. Lan can 2-thay déi cua mot 1oi giai s trong bai todn TSP bao gém tat ca
cac 10i giai s’ ¢ thé nhan duoc tir s bang cach d6i hai canh. Hinh 1.2 chi ra mot vi du
mét 10i giai nhan duoc bang cach thay hai canh (2,3), (1,6) bang hai canh (1,3), (2,6).

Viéc cai tién trong cac budc lip thuong chon theo phuong phap leo ddi dua theo
hai chién lugc: Chién lugc tot nhat va chién luoc tér hon. Véi chién luoc tot nhat,
ngudi ta thuc hién chon 10i giai tt nhat trong 1an can dé lam loi giai cai tién. Tuy
nhién, khi bai toan c& 16n c6 thé khong tim duoc loi giai tot nhat do bi han ché vé thoi

gian. Con v&i chién luoc tér hon, ta chon phwong 4n dau tién trong 1an can, cai thién
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duoc ham muc tiéu. Nhuoc diém cua tim kiém cuc bo 1a thuong chi cho cuc tri dia

phuong.

®© O 6 ®© O 6

Hinh 1.2: Lai giai nhan dwoc nhé thay 2 canh (2,3), (1,6) bang (1,3), (2,6)

Céc k¥ thuat trén thudng duoc két hop, tao thanh céc hé lai trong cac phuong
phap mé phong tu nhién dya trén quan thé, chang han nhu thuat toan di truyén (GA)
hoic tbi wu dan kién (ACO).

1.3.3. Phuwong phap metaheuristic

Phuong phap metaheuristic 12 mot phuong phap heuristic tong quat duoc thiét
ké, dinh hudng cho cac thuat toan cu thé (bao gom ca heuristic cau tric va tim kiém
cuc bd). Nhu vay, mot metaheuristic 12 mot luoc do thuat todn tong quét eng dung cho

cac bai toan t6i wu khac nhau, véi mot chit sira doi cho phii hop vai tirng bai toén.

Memetic 1a mot mo6 hinh theo phuong phap metaheuristic. Trong cac thuat toan
duoc thiét ké theo memetic, nguoi ta tao ra nhiéu thé hé quan thé 10i giai chap nhan
dugc. Trong mdi quan thé cua thé hé twong tng, ta chi chon ra mot sb 1oi giai (chang
han 161 giai tét nhat) dé thuc hién tim kiém cuc bo nham cai thién chat luong. Qué trinh
tién hoéa nay cho ta tim dwoc 10i giai tot nhat c6 thé. Hinh 1.3 m6 ta mot thuat toan
memetic sir dyung tinh toan tién hoa (Evolutionary Computing - EC):
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Proedure Thuat toan memetic-EC;
Begin
Initialize: Tao ra quan thé dau tién;
while diéu kién dimg chwa thoa mén do
Dénh gi4 cac ca thé trong quan thé;
Thuce hién tién hoa quan thé nho céc toan tir cho trudc;
Chon tap con £2;; dé cai tién nho thu tuc tim kiém cuc bo;
for mdi ca thé trong £2;; do
Thuyc hién tim kiém cuc bo;
end-for
Chon phan tur tét nhat;
end-while;
Pua ra 1oi giai tét nhat;
End,;

Hinh 1.3: Thuat toan memetic sir dung EC

Trong tng dung thuc té, cac thuat toan ACO thudng duoc két hop véi tim kiém

cuc bo theo md hinh memetic nay.

1.4. Két luan chwong

Céc bai toan TUTH (S, £, Q) nham tim cyc tri ham f trén tap hitu han trang thai
S, théa man rang budc Q, c6 vai trd quan trong trong nghién cau ly thuyét va tng
dung. Nhiéu bai toan trong ching thudc loai NP-kho, khi d6 véi cac bai toan c& 1on thi
khong giai ding duoc. D3 c6 nhiéu phuwong phap dé giai quyét duoc dé xuat, trong do
cac phuong phép giai gan dang vai cac ki thuat bd tro nhu tim kiém cuc bd, memetic
dang duogc st dung rong rai.

Vé mit giai tich, cac bai toan TUTH c6 dang tudng minh: tim cyc tri ham £ (x),
trong d6 x 1a vecto co cac thudc tinh nhan gia tri trén tap htru han va thoa man tap rang
budc Q. Cac bai toan nay co thé dua dugc vé dang tim kiém tuan ty dudng di trén dd

thi, cach phat biéu nay s& duoc dung cho phuong phap ACO.
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Chuong 2. PHUONG PHAP TOI UU PAN KIEN

Téi uu dan kién (ACO) la mét phuong phap metaheuristic dua trén y tuéng md
phong cach tim duong di tir td t6i ngudn thic an cua cac con kién ty nhién. Dén nay
phuong phap nay duoc cai tién da dang va c6 nhiéu ung dung. Truéc khi gisi thigu
phuong phap ACO, luan &n s& gisi thiéu phuong thirc trao do6i thong tin gian tiép cua

kién tu nhién va md hinh kién nhan tao.

2.1. Tur kién tw nhién dén kién nhan tao

Khi tim duong di, dan kién trao doi thong tin gian tiép va hoat dong theo
phuong thirc ty t6 chirc. Mic du don gian nhung phuong thie nay gitp cho dan kién ¢6
thé thuc hién duoc nhiing cdng viéc phirc tap vuot xa kha niang cua ting con Kién, dic
biét 1a kha nang tim duong di ngin nhat tir t6 dén ngudn thie an mac du ching khong
c6 kha ning do do dai duong di. Trudc hét ta xem cach dan kién tim dudng di nhu thé

nao ma co thé giai quyét dugc cac van dé t6i uu hoa.

2.1.1. Kién ty nhién

Trén duong di, mdi con kién dé lai mot chat hda hoc goi 1a vét mui (pheromone)
ding dé danh dau duong di. Bang cach cam nhan vét mai, kién co thé lan theo dudng
di dén nguon thie an duoc céc con kién khac kham pha theo phuong thirc chon ngau
nhién c6 dinh huéng theo nong d6 vét mui. Kién chiu anh huong vét mui caa cac con
kién khéc chinh 1a y tuong thiét ké thuat toan ACO.

Thi nghiém trén cay cau doéi

C6 nhiéu thuc nghiém nghién ciu vé hanh vi dé lai vét mui va di theo vét mui
cua loai kién. Thuc nghiém, duoc thiét ké bai Deneubourg va cac dong nghiép [31],

ding mot chiéc cau ddi ndi tir to kién tdi nguon thirc an, nhu minh hoa trong hinh 2.1.
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Ho da thuc nghiém véi ti 1€ @6 dai duong r = l—l gitta hai nhanh khac nhau cua chiéc
S

cau doi, trong d6 [, 1a d6 dai cua nhanh dai con I 1a d6 dai cua nhanh ngan.

Trong thiec nghiém thiz nhdt, chiéc cau doi c6 hai nhanh bang nhau (r = 1, hinh
2.1.a). Ban dau, kién lya chon dudng di mot cach tu do tir to dén ngudn thire an, ca hai
nhanh déu c6 kién di, nhung sau mét thoi gian cac con kién nay tap trung di theo cing
mot nhanh. Két qua cd thé duoc giai thich nhu sau: ban dau khéng c6 vét mii nao trén
ca hai nhanh, do d6 kién lya chon nhanh bat ky véi X4c suat nhu nhau. Mot cach ngau
nhién, s& c6 mot nhanh c¢é sé lwong kién lwa chon nhiéu hon nhanh kia. Do kién dé lai
vét mui trong qua trinh di chuyén, nhanh cé nhiéu kién lua chon s& c6 nong do mui 16n
hon ndng do mui cua nhanh con lai. Nong d6 mui trén canh Ién hon s& ngay cang lén
hon vi ngay cang c6 nhiéu kién lya chon. Cudi cing, hau nhu tat ca cac kién s& tap
trung trén cing mot nhanh. Thuc nghiém nay cho thay la su twong tac cuc bo giita cac
con kién vai thdng tin gian tiép 1a vét mui dé lai cho phép diéu chinh hoat dong vi mo
cua dan kién.

15 cm

AV,
/

Hinh 2.1: Thuc nghiém cay ciu ddi
(a) Hai nhanh c6 d6 dai bing nhau. (b) Hai nhanh c6 do dai khac nhau.

(a)
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Trong thuc nghiém thiz hai (xem hinh 2.1b), ¢ dai cua nhanh dai gap doi do dai
nhanh ngin (ti 16 r = 2). Trong truong hop ndy, sau mot thoi gian tat ca cac con kién
déu chon doan duong ngan hon. Ciing nhu trong thuc nghiém thir nhat, ban dau dan
kién lya chon hai nhanh di nhu nhau, mot nira s6 kién di theo nhanh ngin va mot nira
di theo nhanh dai (mic du trén thyc té, do tinh ngau nhién c6 thé mét nhanh nao doé
duoc nhiéu kién lya chon hon nhanh kia). Nhung thuc nghiém nay c6 diém khac biét
quan trong véi thuc nghiém tha nhat: Nhitng kién lya chon di theo nhanh ngéan s&
nhanh chéng quay tré lai to va khi phai lya chon giira nhanh ngan va nhanh dai, kién sé
thiy nong d6 mui trén nhanh ngan cao hon ndng d6 mui trén nhanh dai, do d6 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 ngin hon. Phai mat mot khoang thoi gian tiép theo nira bay
kién moi lya chon di theo nhanh ngan. Piéu nay minh chiing bay kién da sir dung

phuong thirc tham do, tim duong mai.

Mot diém thd vi nira la quan sat xem s& xay ra diéu gi khi qua trinh tim kiém
dang hoi tu, lai xuat hién mot duong mai tir to dén ngudn thirc dn. Viée nay duoc thyuc
nghiém nhu sau: ban dau tir t6 dén ngudn thire an chi c6 mot nhanh dai va sau 30 phdt,
thém mot nhanh ngan (xem hinh 2.2). Trong truong hop ndy, nhanh ngan thudng
khong duoc kién chon ma ching tap trung di trén nhanh dai. Bidu ndy c6 thé giai thich
nhu sau: nong d6 vét mui trén canh dai cao va sy bay hoi caa vét mui dién ra cham nén
dai da s6 cac con kién van lya chon nhanh dai (c6 néng d6 vét mui cao). Hanh vi nay
tiép tuc dugc cung c6 va kién chon di theo nhanh dai, ngay ca khi c6 mot nhanh ngan
xuat hién. Viéc bay hoi vét mui 1a co ché tién loi cho viéc tim dudng méi, nghia 1a viéc
bay hoi c6 thé gilp kién quén di duong di tdi wu cuc bo da duoc tim thiy trude day dé

tim kham pha duong di méi, t6t hon.
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Hinh 2.2: Thi nghiém bé xung
Ban dau chi ¢c6 mot nhanh va sau 30 phat thém nhanh ngan hon

2.1.2. Kién nhan tao

Thuc nghiém cdy cau doi cho thiy dan kién ty nhién co thé sir dung luat di
chuyén theo xé&c suat, dua trén thong tin dia phuong dé tim duoc duong di ngan nhat
gitra hai dja diém. V&t mui cua dan kién cho phép lién twong téi cach hoc ting cudng
(reinforcement learning) trong bai toan chon tac dong téi wu [3], goi mé mo hinh mo
phong cho bai toan tim dudng di ngan nhat gitra hai nat (twong wng 1 t6 va ngudn thirc

an) trén do thi, trong d6 cac tac tir (agent) 12 dan kién nhan tao.

Tuy nhién, trong cac bai toan ung dung cac do thi thuong phic tap hon. Tir mdi
dinh c6 thé c6 nhiéu canh, nén néu md phong thuc su hanh vi cua dan kién tu nhién
nhiéu con kién s& di luan quan va do d6 hiéu qua thuat toan s& rat kém. Vi vay, nguoi
ta ding k¥ thuat da tac tir (multiagent) mé phong dan kién nhan tao, trong d6 mdi con
kién nhan tao c6 kha niang nhiéu hon so véi kién ty nhién. Kién nhan tao (vé sau trong
luan &n ta s& goi don gian la kién) ¢ bo nhé riéng, c6 kha ning ghi nhé cac dinh da
tham trong hanh trinh va tinh duoc do dai duong di né chon. Ngoai ra, kién c6 thé trao

ddi thdng tin véi nhau, thuc hién tinh toan can thiét, cap nhat mui...

Str dung mo hinh kién nhan tao nay, Dorigo (1991) [28] di xay dyung thuat toan
hé kién (AS) giai bai toan ngudi chao hang. Hiéu qua caa thuat toan so véi cac phuong

phap m6 phong tu nhién khac nhu SA va GA da duoc kiém ching bang thuc nghiém.
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Thuat toan nay vé sau dugc phat trién va ¢ nhiéu ang dung phong phi, dugc goi

chung la phuong phap ACO.

2.2. Phwong phiap ACO cho bai toan TUTH tong quét

Muc nay gigi thiéu tom luoc phuong phép téi wu dan kién. Dé biét chi tiét hon,
c6 thé xem [31]. Trudc khi md ta thuat toan téng quat, ta tim hiéu d6 thi ciu trdc cho

bai toan toi wu to hop.

2.2.1. Do thi cau tric

Xét bai toan TUTH tong quat duoc néu trong muc 1.1 dudi dang bai toan cuc

an), f 12 ham muc tiéu xac dinh trén S, con Q la cac rang budc dé xac dinh tap S cé cac
thanh phan duoc 14y tir tap hitu han €. Cac tap S, C va Q c6 cac dic tinh sau:

1) Ky hiéu X la tap cac vecto trong C do dai khdng qua h: X = {< ug,..., ux >
:u; €C, Visk<h}. Khi d6, mdi phuong an s trong S duoc xac dinh boi it nhat mot
vecto trong X nhu & diém 2).

2) Ton tai tap con X* ctia X va anh Xa ¢ tir X* 1én S sao cho ¢~1(s) khdng rdng voi
moi s &S, trong d6 tap X* cd thé xay dung duoc tir tap con C, cua C nhd md rong
tuan tu dudi day.

3) Tir C, ta m& rong tuan tu thanh X* nhu sau:

i) Taxem x, = < uy > la mé rong duoc véi moi u, € C,.
i) Gia str x;, =< uy,..., U, > lamo rong dugc va chua thuoc X*. Tir tap rang budc Q,
xac dinh tap con J(x,) cua C, sao cho véi moi ugyq e J(x) thi xpy =<

Ug, ) Ug, U4 > la MO rong duoc.
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iii) Ap dung thu tuc mé rong tir cac phan tir u, € C, cho phép ta xay dung duoc moi
phan tir coa X*.

Nhu di néi trong chuong 1, mdi bai toan TUTH duoc xem nhu mot bai toan tim
kiém vecto do dai khdng qua h trén dd thi day du c6 cac dinh duoc gan nhan trong tap
C. Pé tim céc oi giai chap nhan duoc, ta xay dung db thi day du véi tap dinh V, mdi
dinh cua né tuong tng véi mdi thanh phan cua €. Céc 10i giai chip nhan dugc s& 1a cac
vecto duoc xac dinh theo thu tuc mé rong tuan tu hay mé rong ngau nhién, nhu da

duoc mé ta chi tiét trong muc 2.2.2.

Thong thudng, ddi véi cac bai toan thuoc loai NP-kho, nguoi ta dua ra cac
phuong phéap heuristic tim 10i giai du tot cho bai toan. Céac thuat toan ACO két hop
thong tin heuristic nay vdi phuong phap hoc tang cuong, mé phong hanh vi cua dan
kién, dé tim 1oi giai tét hon.

M3i canh ndi dinh i,j e C ¢6 trong so heuristic h; ; d¢ dinh huéng chon thanh
phan ma rong 1a j khi thanh phan cudi cua trang thai hién tai x, 13 i (theo thu tuc mo
rong tuan ty da néu & trén). Ky hiéu H 1a vecto cac trong sé heuristic caa canh (trong
bai toan TSP d6 1a vecto cd c4c thanh phan 1a nghich dao cua do dai canh twong tng),
con 7 1a vecto bieu thi cac thong tin hoc ting cuong 7; ; (trong luan an tir nay vé sau
goi 12 vét mui, ban dau dugc khéi tao gia tri 7,>0). Truong hop dac biét h; ; va t;; chi
phu thudc vao j, cac théng tin nay s& gan vai cac dinh. Khdng 1am mat tinh téng quat,
ta xét trudng hop cac thdng tin nay gén vao cac canh.

Ta goi do thi G = (V,E, H, 7) 1a do thj cdu trlc cua bai todn téi wu t6 hop, trong
d6 V 1a tap dinh, E 1a tap canh, H va 7 1a céc thong tin gin véi canh. Tir cac canh, xay
dung tap X* nhd mé rong tap C, theo thu tuc tuan tu. Néu khdng c6 thdng tin heuristic

thi ta xem H c6 c4c thanh phan nhu nhau va bang 1.
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Truong hop tong quat, G 1a d6 thi day da. Tuy nhién, tly theo rang budc cua
bai toan, cac canh c6 thé lugc bét dé giam mién tim kiém loi giai theo tha tuc mé rong
tuan tu. Chang han, vai bai toan tim cuc tri cua ham giai tich f(xy, ..., x,,), VGi x; thudc
tap gia tri hitu han V;, @6 thi cu tric c6 n tang, tang i chta cac dinh thudc tap V;, con
tap canh E chi gdm cac canh ndi cac dinh thudc tang i véi cac dinh thuc tang i +
1(i = 1,2,..,n — 1) nhu trong hinh 2.3. Khi d6 tp C, 1a tap V;, mdi mé rong tuan ty

cua loi giai sé dugc xay dung tir mot dinh thudc tap nay.

Tang 1 Tang 2 Tangn

Hinh 2.3: P thi cau tric tong quat cho bai toan cwc tri ham f(x4, ... x;,)

2.2.2. M0 ta thuat toan ACO téng quét

Str dung diéu kién két thac (cd thé theo sb budc lap hodc/va gisi han thoi gian

chay), ta ding dan kién c6 m con, tién hanh lap qua trinh xay dung loi giai trén do thi
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cau tric G = (V, E, H, ©) nhu sau: Tai mdi lan Iap, kién chon ngau nhién mét dinh u, €
C, lam thanh phan khai tao x, = {u,} va thuc hién xay dung 10i giai theo thi tuc budc
ngau nhién. Dya trén 1oi giai tim duoc, dan kién s& thuc hién cap nhat mui theo cach
hoc tang cuong.

That tuc buréc ngdu nhién:

Gia str x;, =< uy, ..., U, > lamo rong duge va chua thuoc X ™. Tur tap rang budc Q,
xac dinh tip con J(x,) cua C, sao cho v&i moi wuy.,eJ(x,) thi
Xis1 =< Ug, ..., U, Ugpq > 12 M6 rong duge. Binh j = uy,,, dé ma rong, dugc chon véi

XAc suat P (j) nhu sau:

[r4j]“[n)” € (%)
P(j) = {Zgjmplralhad? 7/ =7k (2.1)
0 J € J(x)

Qué trinh mé rong tiép tuc cho téi khi kién r tim duoc 10i giai chap nhan dugc
x" trong X* vado do s" = p(x") €8S.

Do gia thiét 2) va iii) & trén, vé sau ta s& xem x” va s” nhu nhau va khong phan
biét X* voi S dé tién trinh bay.

Cdp nhdt mui:

Tuy theo chat lugng cua 1oi giai tim duoc, vét mii trén mdi canh s& duoc diéu
chinh tang hoic giam tuy theo danh gia mic d6 wu tién tim kiém vé sau. Luong mui
cap nhat theo cac quy tic cap nhat mui khac nhau s& cho cac thuat toan khac nhau. Vi
vay, quy tic cap nhat mui thuong dung 1am tén goi thuat toan. Cac quy tic théng dung

s& duoc néu trong muc 2.2.2, da s6 chung déu cé dang:

T« (1—p)r; +AG ) (2.2)
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dbi vai céc canh duoc cap nhat, trong d6 p 1a hang sé thudc khoang (0,1) 1a ty 1¢ luong
mui bi bay hoi.

Cac budc thuc hién cua cac thuat toan ACO dugc mo ta trong hinh 2.4.

Procedure Thuat toan ACO;
Begin
Khoi tao tham s6, ma tran mui, khai tao m con kién;
repeat
fork =1tomdo
Kién k xay dung 1oi giai;
end-for
Cap nhat mui;
Cap nhat loi giai tot nhat;
until (Piéu kién két thic);
Dua ra 10i giai tét nhét;

End;

Hinh 2.4: Thuat toAn ACO
Nhdn xét chung vé cac thudt toan ACO
Nho két hop théng tin heuristic, théng tin hoc ting cudng va mé phong hoat
dong cua dan kién, cac thuat toan ACO c6 cac uu diém sau:
1) Viéc tim kiém ngau nhién dya trén cac thong tin heuristic tra nén linh hoat va
mém déo trén mién rong hon so véi cac phuong phép heuristic da ¢d. Do d6, cho ta 1oi

.....

giai tot hon va ¢ thé tim duoc 10i giai t6i wu.

2) Hoc ting cudng thdng qua thong tin vé cuong do vét mui cho phép timg budc
thu hep khdng gian tim kiém, ma van khong loai bo céc 10i giai tét, do d6 nang cao
chat lugng thuat toén.

Chu y. Khi &p dung phuong phap ACO cho c4c bai toan cu thé, ba yéu té sau c6 anh
huong quyét dinh dén hiéu qua thuat toan:

1) Xay ding do thi cdu tric thich hep. Trong muc 2.2.1 da chi ra rang viéc xay

dung dd thi cau trac dé tim duoc 151 giai cho bai toan theo thu tuc tuan tu khdng kho.
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Kho khin chinh 1a véi céc bai toan ¢ 1on, khong gian tim kiém qué rong, doi hoi ta st
dung cac rang budc Q maot cach hop 1y dé giam mién tim kiém cua kién. Cach xu ly bai

toan suy dién haplotype & chuong 4 minh hoa cho diéu nay.

2) Chon théng tin heuristic. Thong tin heuristic tét s& tang hiéu qua thuat toén.
Tuy nhién, trong nhiéu bai toan khdng cé théng tin nay thi c¢é thé danh gia ching nhu
nhau. Khi d6, ban dau thuat toan chi don thuan chay theo phuong thirc tim kiém ngau
nhién, vét mui thé hién dinh huéng cua hoc ting cudng va thuat toan van thuc hién

duorc.

3) Chon quy tdc cdp nhdt mui. Quy tic cap nhat mui thé hién chién luoc hoc cua
thuat toan. Trong khi do thi cau tric va thong tin heuristic phu thudc vao bai toan cu
thé, quy tic cap nhat mui lai 1a yéu t6 phd dung va thuong ding dé dat tén cho thuat
toan. C6 nhiéu quy tic cap nhat mui di duoc dé xuat, luan an nay sé tim quy tac thich
hop cho hai loai bai ton, tly theo thdng tin heuristic anh huang nhiéu hay it téi tha tuc
tim kiém loi giai.

Pé hiéu vé phuong phap ACO, dudi day sé& gisi thiéu thém céac thuat toan ACO
dién hinh giai bai toan nguoi chao hang.

2.3. Phwong phap ACO giai bai toan nguwoi chao hang

Bai toan ngudi chao hang (Traveling Salesman Problem - TSP) ¢6 nhiéu tung
dung trong thuc té. N6 thudc loai NP-kho (xem [29-31]) va duoc xem 12 bai toan chuan
dé danh gia hiéu qua cua cac thuat toan giai cac bai toan TUTH méi. Thuat toan ACO
dau tién duoc goi 1a thuat toan Hé kién (Ant System - AS). Céc thuat toan ACO vé sau
|a cai tién cua AS va déu dung bai toan TSP dé thir nghiém chat luong.

Ta trd lai v6i bai todn TSP da phat biéu trong chwong trude va md hinh toan hoc

cua no.
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2.3.1. Bai toan TSP va dé thi cau tric

Bai toan TSP xuat phat tir thuc té: mot nguoi gigi thiéu san pham mudn tim mot
hanh trinh ngan nhat xuat phat tir thanh phd ciia minh di qua tat ca cac thanh phd ma
khach hang can gigi thiéu san pham va sau d6 tré vé thanh phd xuat phat véi diéu kién
cac thanh phé cua khach hang chi di qua diing maot lan.

Vé phuong dién toan hoc, bai toan TSP 1a mot bai toan tim chu trinh Hamilton
c6 d6 dai ngin nhit trén dd thi day c6 trong s6 G = (V, E), trong d6 V 14 tip cac dinh
tuong GNg V4i tap cac thanh phd, E 12 tap cac canh ndi cac thanh phé véi trong s6 1a d6
dai twong ung. Cha y rang néu d6 thi khong phai day du ta ludn c6 thé thém cac canh
con thiéu dé nhan dugc mot do thi méi G’ day du va trong s6 cac canh nay du 16n dé
hanh trinh t6i vu trén G’ cling 14 hanh trinh téi vu trén G. Ta ky hiéu d6 dai mdi canh
(i,j) € E la d;; twong tng véi khoang cach giita thanh phé i va thanh phé j (véi moi
i,j € V). Trong trudng hop tong quat 1a bai toan TSP duoc xét trén d6 thi c6 hudng va
khoang cach giira cip dinh i, j c6 thé phu thudc vao huéng cua canh, khi c6 it nhat mot
canh ma d;; # dj; thi ta noi bai toan 1a khong d6i xung va ky hiéu 1a ATSP, nguoc lai
thi 1a bai toan doi xang (ludn ¢6 d;; = dj; Vi, j).

Muc tiéu cua bai toan TSP 1a tim mot chu trinh Hamilton c6 d6 dai ngin nhat.
V]) sao cho ham d6 dai f(w) la nho nhit, trong d6 f(x) bang:
f(TL') = Z?=_11 dn(i)n(i+1) + dn(n)n(l)-

Thong tin heuristic trén canh (i, j) theo truyén thong thay cho h;; s& ky hiéu la

n;; va la nghich dao cta d6 dai canh: n;; = % V (i,j). Trong tit ca céc thuat toan
ij

ACO giai bai toan TSP, vét mui dugc gan trén cac canh va do d6 7;; ding dé chi thong

tin hoc tang cuong phuc vu mé rong tuan ty 10i giai tir i dén j.
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Khi d6, dd thi cdu tric cua bai toan 1a d6 thi ddy G = (V,E, H,1).Néu
X =< Uy, ..., U > la dudng di mé rong duoc, tic 13 cac dinh u; déu khéc nhau va k <
n) thi J(x,) = Ny, la cic dinh ma duong x;, chua di dén. Céc thuat toan ACO cho bai
toan TSP déu thyc hiéu trén d6 thi cau tric nay. Cac két qua thuc nghiém (xem [28-30]) da

chi ra hiéu qua néi troi cuia cac phuwong phap nay so véi cac tiép can khac.

2.3.2. Cac thuat toan ACO cho bai toan TSP

Thuat toan ACO c6 thé &p dung truc tiép cho bai toan TSP voi db thi cau trdc
G = (V,E, H,1) c6 khong gian tim kiém chinh Ia tap cac hanh trinh cé thé. Rang budc
Q s& duoc thoa man khi hanh trinh do kién xay dung 1a mot hanh trinh ddng (1a chu

trinh Hamilton), biéu didn mot hoan vi cé4c chi sb cua cac thanh phd.

Quaé trinh kién xay dung 1oi giai theo thu tuc budc ngau nhién duoc thuc hién

nhu sau:

- Lya chon thanh ph xuat phat (c6 thé theo mot sé tiéu chi nao do).

- Thuc hién lap buéc mé rong bang cach thém mot thanh phé kién chwa di qua
(xem hinh 2.5) cho dén khi tit ca céc thanh phd déu dugc thiam: tinh xac sut
lya chon dinh mei theo gia tri thong tin mui va théng tin heuristic, chon ngau
nhién dinh mai thém vao theo phan b xac suat ngau nhién nay.

- Quay trg lai thanh phd xuat phat.
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Hinh 2.5: Lwa chon dinh di tiép theo

Sau khi tat ca kién xay dung xong hanh trinh, cac con kién s& dé lai vét mui trén
cac canh kién di qua. Trong mot sé truong hop, trudc khi thém mui, cac hanh trinh xay
dung duoc cd thé duogc cai tién bang cach 4p dung tha tuc tim kiém cuc bo. Luge dd
thuat toan ACO giai bai toan TSP c6 ap dung tim kiém cuc bo (theo luoc do thuat toan

memetic trong chuong trude) dugc mo ta trong hinh 2.6 nhu sau:

Procedure Thuat toan ACOTSP;
Dir ligu vao: G = (V,E)
Két qua ra: Mot chu trinh va téng d6 dai caa no;
Begin
Khai tao tham s6, ma tran mui, khai tao m con kién;
repeat
fork =1tomdo
Kién k xay dung i giai;
Cai tién loi giai do kién k xay dyng bang tim kiém cuc bo;
end-for
Cap nhat mui;
Cap nhat 10i giai tét nhat;
until (Piéu kién két thic);
Pua ra 10i giai tét nhat;
End;

Hinh 2.6: Thuat toan ACO giai bai toan TSP cd sir dung tim kiém cuc b
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Thuat toan ACO dau tién (thuat todn AS) giai bai toan TSP da dat dugc hiéu qua
kha quan, nhung chua phai 12 thuat toan tét nhat cho bai todn nay. Tuy nhién, AS déng
vai trd rat quan trong, cac thuat todn meé rong, cai tién cua thuat toan ACO vé sau nay
déu dua trén thuat todn AS. Su khéc biét chinh giita cac thuat todn mé rong cua AS
nhu: thuat toan elitist AS, rank-based AS va MAX-MIN,...1a cach thic cap nhat mui.
Bang 2.1 cho thiy da sb c4c thuat toan ACO méi déu duoc thir nghiém trén TSP trir
thuat toan ANTS va Hyper-Cube AS.

Bang 2.1: Thuét toan ACO theo thit tw thoi gian xuit hién

Thuat toan ACO TSP | Téc gia va thoi gian cong bd

Ant System (AS) Co Dorigo (1992); Dorigo, Maniezzo,&Colorni (1991, 1996)
Elitist AS Co Dorigo (1992); Dorigo, Maniezzo,& Colorni (1991, 1996)
Ant-Q C6d | Gambardella&Dorigo(1995); Dorigo&Gambardella (1996)
Ant Colony System Co Dorigo & Gambardella (1997a,b)

Max-Min Ant System Co | Stutzle & Hoos (1996, 2000); Stiitzle (1999)

Rank-based AS Co Bullnheimer, Hartl, & Strauss (1997, 1999c)

ANTS Khong | Maniezzo (1999)

Hyper-cube AS Khong | Blum, Roli, & Dorigo (2001); Blum & Dorigo (2004)

Céc thuat toan ACO thdng dung nhat hién nay 1a MMAS va ACS. Tuy hiéu qua
ctia chung nhu nhau nhung MMAS dé dung hon, con ACS dugc nhém cia Dorigo
quan tdm hon. Duéi day, ching ti gidi thiéu cac thuat toan AS, MMAS va ACS theo

trinh tu thoi gian xuat hién.

2.3.2.1 Hé kién AS

Ban dau c6 ba phién ban cua AS duoc Dorigo dé xuat (xem [28,31]) la ant-
density, ant-quantity va ant-cycle. O phién ban ant-density va ant-quantity, kién cap
nhat vét mui truc tiép 18n canh vira di, con trong phién ban ant-cycle vét mui duoc cap

nhat khi tat ca kién da xay dung xong hanh trinh va lugng mui duoc cap nhat phu
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thuoc vao do dai hanh trinh ma kién tim duoc. Hai thuat toan ant-density va ant-
quantity khéng hiéu qua so véi thuat toan ant-cycle, nén khi ndi tdi thuat toan AS ta chi

quan tim dén phién ban ant-cycle.

Hai budc chinh trong thuat toan AS 1a xay dung 10i giai cua kién va cap nhat
mui. Trong AS, 15i giai tim duoc dua trén phwong phéap heuristic (chang han phuong
phap tham #n) khi xac dinh vét mui khai tao. Gia tri vét mui khoi tao cho tat ca cac
canh & 7;; = 7o = C% trong d6 m 1a sé kién, C™ 1a d6 dai 1oi giai tim duoc cua thuat
toan heuristic. Ly do lya chon nay 1a néu khoi tao vét mui t, qué thap thi qua trinh tim
kiém c6 khuynh hudng hoi tu vé hanh trinh dau tién tim duoc, dan dén viéc tim kiém
sa lay vao ving nay, 1am cho chat lugng 1oi giai khdng tét. Néu khai tao vét mui qué
cao thi thuong phai mat nhiéu vong lap bay hoi mui trén cac canh khéng tét va cap
nhat b6 sung thém mui cho cc canh tot mai dé thé hudng viéc tim kiém dén vao ving

khong gian c6 chat luong tét.
Xay dung loi gidi

Trong thuat toan AS, m kién dong thoi xay dung loi giai. Ban dau, cac con kién
duoc dat ngau nhién tai cac thanh phd. O mbi budc, kién sir dung xac suat theo phuong

thirc ti 1é ngau nhién (random proportional) dé chon dinh tiép theo. Cu thé, khi kién k

dang & dinh i s& lya chon dinh j véi X4c suat:

(5] [ni;1” Aok
— € N;
plkj = ZleNlic[Til]“[Tlil]B newJ ' (2.3)
0, néuj € N}
trong d6 n;; = i la gia tri thdng tin heuristic, a, 8 1a hai tham sé quyét dinh
ij

dén sy anh hudng twong quan giira thdng tin mai va théng tin heuristic, N} 1a cac dinh

1an can cua dinh i kién k c6 thé di dén (1a tap cac dinh kién k chwa dén, xé4c suat cac
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dinh khong thuoc NX bang 0). Theo quy tac ngau nhién nay, x4c suat lya chon canh
(i,j) ting theo gia tri thong tin mui 7;; va thong tin heuristic n;;. Vai tro cta hai tham
s a, B nhu sau: Néu a = 0 thi thanh phd gan nhit s& vu tién duoc lua chon, khi do
thuat toan tuong duong vai thuat toan chon ngau nhién theo uu tién ti I& nghich dao do
dai canh, khong c6 hoc ting cudng. Néu B = 0 thi chi c6 thdng tin hoc ting cudng
biéu thi qua vét mui duoc st dung, khdng c6 thong tin heuristic. Néu a 16n, thuat toan

nhanh chéng bi tic nghén (tat ca kién s& lua chon ciing mot hanh trinh) va loi giai tim

.....

Dé cai dat, kién k s& duy tri mot bé nhé M* chira thong tin 1an luot cac thanh
phd di di qua. Thong tin trong bo nhé ding dé xac dinh cac thanh phd 1an can pha hop
N} trong (2.3). Hon nita, théng tin trong bo nhd M* gilp Kién tinh dwgc d¢ dai hanh
trinh T* va dung dé xac dinh cac canh dugc cap nhat mui.

Lién quan dén viéc xay dung 1oi giai, c6 hai cach dé thyc hién: xay dung 10i giai
song song va xay dung tuan tu. Theo cach xay dung song song, tai mdi budc tat ca
kién s& di chuyén sang dinh tiép theo. Trong cach xay dung tuan ty, lan luot ting kién
xay dung loi giai (kién nay xay dung xong roi mai dén kién tiép theo). Trong AS, ca
hai cach xay dung nay 1a nhu nhau, khdng c6 anh huong gi dén két qua. Piéu nay
khong dung véi thuat toan ACS.

Cdp nhdt mui

Sau khi tat ca cac kién xay dung xong hanh trinh, vét mui s& dwoc cip nhat nhu
sau: Trudc tién, tit ca cac canh s& bi bay hoi theo mot ti 1¢ khong d6i, sau d6 cac canh
c6 kién di qua s& duoc thém mot lwong mui. Viéc bay hoi mui trén tit ca cac canh

duoc thuc hién nhu sau:

7 < (1= p)y; (2.4)
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trong d6 0 < p < 1 1a hé s6 bay hoi. Tham s6 p duoc st dung dé tranh su tich tu vét
mui quéa nhiéu trén mot canh va gitp cho kién “quén” di cac quyét dinh sai 1am. Trén
thuc té, néu mot canh khong duoc kién lra chon thi vét mui nhanh chéng bi giam theo

c4p s6 nhan. Sau khi bay hoi, tat ca kién s& dé lai vét mui trén canh di qua:
Tij &« Tij + ZZL::[ ATZ (25)
trong d6 At/; 1a Tuong mui do kién k cap nhat trén canh kién k di qua. Gid trj nay bang:

1 4

_ A . . A Tk
A‘[lkj = {Ck neu CC_ITLh (lr]) thUQC (26)

0 nguoc lai

trong d6 C¥ 1a d6 dai hanh trinh T* do kién k xay dung. Gia tri nay dugc tinh bing
téng do dai cac canh thudc hanh trinh. Theo cong thic (2.6), cac canh thudc hanh trinh
t6t hon s& dugc cap nhat nhiéu hon. Nhu vay, canh nao cang cé nhiéu kién st dung va
thudc hanh trinh ngan, sé cang dugc cap nhat mui nhiéu hon. Do d6 s& duoc kién lua
chon nhiéu hon trong cac buéc 1ap sau.

Hiéu qua cua thuat todn AS so véi cic phuong phap metaheuristic khac giam
khi kich thudc bai toan tiang, vi vay ¢ nhiéu nghién ciu tap trung cai tién thuat toan

AS.

2.3.2. Hé dan kién ACS

Thuat toan ACS (Ant Colony System) do Dorigo va Gambardella dé xuit nim
1997 [30], khac véi AS & ba diém chinh sau day:

- Tha nhét, khai thac kinh nghiém tim kiém manh hon trong AS, théng qua viéc
st dung quy tic lua chon dua trén thong tin tich lity nhiéu hon.

- Thu hai, co ché bay hoi mui va dé lai mii chi trén cac canh thuoc vao 1o giai tot
nhat dén lac d6 (Global-best: G-best).
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- Thu ba, ting cuong viéc tham do duong méi. Mdi 1an kién di qua canh (i, j) vét
mui s& bi giam trén canh (i, j). Sau day ching ta s& tim hiéu chi tiét nhitng diém

khac da néu.
Xay dung loi gidi

Trong thuat toan ACS, kién k dang dung ¢ dinh i s& lva chon di chuyén dén
dinh j theo qui tic:

j = {argmaxle,vlk{fiz [nulf},neu q < qo’ (2.7)

E nguoc lai
trong d6 g la mot bién ngau nhién, phan bé déu trong [0,1], g, (0 < g, < 1) la mot
tham s6 cho trugc va J 1a mot bién ngau nhién, lya chon theo phan bd xac suat nhu
trong (2.3) véi @ = 1. NGi cach khéc, véi xac suat g, kién sé lua chon kha ning tét
nhat c6 thé, dua trén két hop cua thdng tin hoc tir vét mui va thong tin heuristic (trong
truong hop ndy, ta noi kién khai thac thong tin di hoc). Ta ciing ndi VGi Xac suat
(1 — q,) kién thuc hién kham pha trén cac canh. Piéu chinh tham s6 g, s& cho phép
thay doi mirc 6 khai thac va lya chon tap trung tim kiém quanh 1oi giai G-best hozc

kh&m phéa céac hanh trinh khac.

Cdp nhdat mui toan cuc

Trong ACS chi ¢6 duy nhat mot kién tim duoc loi giai G-best dugce phép dé lai
mui sau mdi 1an lip. Cu thé, vai cac canh(i, j) thudc 161 giai G-best duoc cap nhat nhu

sau:

Tij « (1 - p)Tij + pAlejeSt (28)

, 1 _ N A N g mg Y Y , .
trong o At} = ——=, C47P°°" 1a o dai loi giai G-best. Dieu quan trong can chd y

trong ACS la vét mui dugc cap nhat bao gom ca bay hoi va dé lai mui va chi cho céc
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canh thugc TE¢Pest (chtr khong phai cho tat ca cac canh nhu trong AS). Tham s6 p l1a
tham s bay hoi. Khong gidng nhu AS, trong (2.4) va (2.5) trong (2.8) vét mui duoc dé
lai s& giam theo tham s p. Két qua cua viéc cap nhat nay 1a vét mui dugc thay doi theo

trung binh trong sé cua vét mii cii va lugng mui duoc dé lai.

Trong thi nghiém, ngudi ta ciing st dung chon loi giai tot nhat trong budce lap

hién tai (Iteration-best: I-best) dé cap nhat mui.

Cdp nhdat mui cuc bo

Ngoai viéc cap nhat mui toan cuc, ACS con sir dung co ché cap nhat mii cuc
bo. Viéc cap nhat mui cuc bo duoc thuc hién ngay khi canh (i, ) c6 kién di qua theo

cong thuec:
T <« (1 =81 + 10 (2.9)

trong d6 £(0 < & < 1) va 1, la hai tham sé. Gia tri 7, chinh la gia tri khoi tao mui cho

tt ca cac canh. Theo thuc nghiém gié tri tét cho & bing 0.1, gié tri 7, 14 ——, trong d6

ncnn’
n 1a s6 thanh phd, €™ 1a d6 dai hanh trinh theo thuat toan heuristic tham an. Hiéu qua
cua thuat toan cap nhat mui cuc bo thé hién & chd mdi khi kién di qua canh (i, j) thi vét
mui trén canh (i, j) bi giam, 1am cho kién it lya chon lai canh nay. N6i céch khac, viéc
cap nhat mui cuc bd lam tang kha nang khdm pha cac canh chua duoc sir dung. Trén
thuc té, hiéu qua cta cach cap nhat mii nay chinh 1a & chd khéng bi tic nghén (nghia

13, cac kién khong bi don vao mot duong di nao) nhu trong AS.

Déi v6i AS, kién xay dung hanh trinh song song hay tuan ty 1a khong anh
huong gi. Nhung trong ACS, cong viéc nay c6 anh huong, vi ACS sir dung co ché cap
nhat mui cuc bd. Trong thuc nghiém, thuat toan ACS yéu cau moi kién déng thoi xay
dung hanh trinh, mac du khéng c6 két qua thuc nghiém chiing to sy lua chon nao tét

hon.
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ACS la thuat toan ACO dau tién sir dung danh sach tng cir vién dé han ché sb
lwong lua chon trong qué trinh xay dung 10i giai. Danh sach wng cir vién bao gdom cac
lya chon duoc danh gia tét nhat theo mot sb tiéu chi heuristic. Trong TSP, danh sach
ng cir vién cho mdi thanh phé i 1a cac thanh phd j gan véi i. Theo cach nay, danh
sach ng cir vién cd thé dugc xay dung trude khi bat dau tim kiém va ¢ dinh trong
sudt qua trinh tim kiém. Khi kién dang & dinh i, kién s& lya chon trong sé cac tng cu
vién chua tham. Trong truong hop tat ca cac thanh phd trong danh sach ang ctr vién
déu da duoc tham thi chon mot thanh phé chwa duoc thim ngoai danh sach. Trong bai
toan TSP, két qua thuc nghiém cho thay viéc sir dung danh sach wng cir vién 1am ting

chat luong 10i giai va 1am giam do phuc tap.

Chua y. Quy tic cap nhat mui caa ACS trong [30] khac quy tic & trén ¢ diém Ia thuc
hién bay hoi trong mdi lan lap nhu AS véi cac canh chua c6 kién di qua. Theo céch cap
nhat nay, hiéu qua cia MMAS dudi ddy tot hon ACS.

2.3.2. Hé kién Max-Min

Thuat toan MMAS (Max-Min Ant System) do Stutzle va Hoos d& xuit nim
2000 [66] véi bon diém thay doi so vai AS.

- Thir nhat, dé ting cudng khai thac 1oi giai tot nhat tim duoc: cac canh thugc vao
loi giai 1-best hoac G-best dugc ciap nhat mui. Piéu nay co thé dan dén hién
tugng tac nghén: tit ca cac kién sé cung di mot hanh trinh, boi vi lwong mui trén
cac canh thudc hanh trinh tét duoc cap nhat qué nhiéu, mic du hanh trinh nay
khéng phai 1a hanh trinh t6i wu.

- Thu hai, d&é khac phuc nhuge diém trong thay ddi thir nhat, MMAS da dua ra
mién gisi han cho vét mui: vét mai s& bi han ché trong khoang [T min, Tmax]-

- Tha ba 1a vét mui ban dau duoc khoi tao bang t,,,, va hé sé bay hoi nhé nham

tang cuong kham pha trong giai doan dau.
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- Diém thay d6i cudi cung la vét mui s& duoc khai tao lai khi c6 hién tugng tac

nghé&n hoic khong tim duoc 16 giai tot hon sau mot s budc.

Cdp nhat mui

Sau khi tat ca kién xay dung 10i giai, vét mui dwgc cap nhat bang thu tuc bay
hoi gidng nhu AS (cong thic 2.4), va duoc thém mét luong mii cho tit ca cac canh

thuoc 1oi giai tét nhu sau:

Tij «— Tij + AlejeSt (210)
1
cl-best

khi dung I-best dé cap

trong d6 Arf’je“ = CG_lbest khi dung G-best hoic A‘rf’je“ =

nhat mai. Sau d6 vét mui s& bi gigi han trong doan [T,in, Tmay] Nhu sau:
Tmax néu Tij > Tmax
Tij =3 Tij neut;; € [Tmin: Tmax] (2.11)
Tmin  NEUT;j < Tpin
NGi chung, MMAS dung ca I-best va G-best thay phién nhau. RG rang, viéc lua
chon tan sé twong dbi cho hai cach cap nhat mui anh hudng dén hudéng tim kiém. Néu
lubn cap nhat bang G-best thi viéc tim kiém s& som dinh hudng quanh G-best con khi
cap nhat bang I-best thi s6 luong canh dwgc cap nhat mii nhiéu do d6 viéc tim kiém

giam tinh dinh huéng hon.
Gidi hgn vét mui

Trong MMAS sir dung giéi han trén 7,,,,, Va gigi han dudi ,,;,, d6i voi vét mui
cua tat ca cac canh dé tranh tinh trang tic nghén. Bac biét, viéc giéi han vét mui s& c6
anh huéng dén gioi han xac suat p;; trong doan [Pomin, Pmax) Phuc vu lua chon dinh j,
khi Kién dang & dinh i, v6i 0 < Ppin < Dij < Pmax < 1. Chi khi [NF| =1 thi pi, =

Pmax = 1.
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1
pC*

Dé thay, trong mot thoi gian dai, can trén cua vét mui 1a — trong d6 C* 1a 46
1

dai hanh trinh t4i vu. Dua trén két qua d6, MMAS cap nhat lai can trén 7,,,,, = Py

Tmax

" (w 12 mot tham s6) mdi khi tim dugc 10i giai tot hon. Két qua

va can dudi 1,,,;, =
thuc nghiém chi ra rang: dé tranh tic nghén, can dudi 1,,;, dong vai trd quan trong hon
CAN trén T,,,,. TUy nhién, 7,,,, hitu ich trong viéc thiét dat gia tri vét mui khi khai tao

lai.
Khdi tri va khdi tao lai vét mui

Khi bat dau thuat toan, vét mui trén tat ca cac canh duoc thiét dit bang can trén
cua V&t mui 7,,,,,. Cach khai tao nhu vay, két hop véi tham sé bay hoi nho s& cho phép

lam cham su khac biét vét mui giira cac canh. Do d6, giai doan dau cia MMAS mang
tinh kham pha.

Pé tang cuong kha ning kham pha, MMAS khéi tao lai vét mui mdi khi gap
tinh trang tic nghén (thuat toan kiém tra tinh trang tac nghén duya trén sy théng ké vét
mui trén cac canh) hoic sau mot s6 budc lip ma van khong tim duoc 10i giai tot hon.

MMAS la thuat toan dugc nghién ctu nhiéu nhat trong s cac thuat toan ACO
va né co rat nhiéu ma rong. Mot trong céc cai tién 1a khi khai tao lai vét mui, cap nhat
mui dya trén loi giai tot nhat tim duoc tinh tir khi khai tao lai vét mui thay cho G-best.

M6t cai tién khac 1a sir dung luat di chuyén theo kiéu ACS.
2.4. Mgt s6 van dé lién quan

2.4.1. Pac tinh hoi tu

Gutjahr [36-38] 1a mét trong nhitng nguoi dau tién nghién ciu dic tinh hoi tu
cua thuat toan MMAS, nhung chua xét dén yéu t6 cd sir dung thdng tin heuristic. Ky

hiéu P(t) la xac suat tim thay loi giai caa thuat toan MMAS trong vong t phép lap,
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w(t) 1 1oi giai tot nhat ¢ budc lap t. Nho st dung mé hinh Markov khong thuan nhat,
Gutjahr d4 ching minh rang véi xac suat bang 1 ta co:
1) lim,,ew(t) = w*, lim,_o, P(t) = 1 (2.12)

2) 1limge Ty j= Tmax VOi Moi canh (i, ) thudc 10i giai téi vu (2.13)

Mo hinh nay cua Gutjahr khéong ap dung duoc cho ACS. Trong truong hop
MMAS khéng st dung thong tin heuristic, Stiitzle va Dorigo [65] di chtrng minh rang:
Ve>0,3tdulon P(t) > 1 — ¢, (2.14)

do d6 lim,_o P(t) = 1. (2.15)

C4c tac gia ciing suy ra rang két qua nay ciing dung cho ca thuat toan ACS. Vi
gia thiét tim duoc 10i giai toi wu sau hitu han buéc, Stiitzle va Dorigo suy ra rang vét
mui cua cac canh thudc 1oi giai téi wu tim dwgc s& hoi tu dén t,,4, , €ON VEt mui trén

cac canh khdng thudoc 1oi giai s& hoi tu V& T,,;,, hoac .

Plelegrini va Elloro [55] chi ra rang sau mot thoi gian chay, da s6 vét mai trén
canh tro nén bé va chi 6 sé it canh c6 gia tri vét mui 1a 16n vuot troi.
2.4.2. Thuc hién song song

bac tinh ty nhién cua cac thuat toan ACO cho phép thuc hién song song theo dir
licu hoic theo quan thé (xem [31]). Trén thyc té, c6 nhiéu mo hinh song song duoc sir

dung cho céc thuat toan duya trén quan thé, dé& dang twong thich véi ACO.

2.4.3. ACO két hgp véi tim kiém cuc bd

Nhiéu tai liéu [10,31,63] chi ra rang v&i cac phuong phap metaheuristic, mot
cach tiép can day hira hen cho phép nhan dugc 10i giai c6 chat luong cao 1a két hop voi

thuat toan tim kiém cuc bo.
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M6 hinh ACO c¢6 thé bao gom ca tim kiém cuc bo (xem hinh 2.6). Sau khi kién
xay dung xong 10i giai, ¢ thé ap dung tim kiém cuc bo dé nhan duoc 16i giai toi vu dia
phuong. Viéc cap nhat mui dugc thuc hién trén cac canh thuoc 10i giai toi vu dia
phuong nay. Két hop xay dung 16i giai véi tim kiém cuc bo s& 13 mot cach tiép can co
trién vong, 1a do trén thuc té, cach xay dung loi giai caa ACO c6 sir dung 1an can khac
vé6i tim kiém cuc bd. Thuc nghiém cho thay kha nang két hop tim kiém cuc bo cai tién

duoc loi giai la kha cao.
2.4.4. Thong tin heuristic

Ta biét rang thuat toan ACO ma khong sir dung tim kiém cuc bd, théng tin
heuristic s& rat can thiét dé co duoc loi giai tot. Trén thuc té, ¢ giai doan dau vét mui
duoc khai tao nhu nhau. Khi d6 vét mui khong thé gilp kién tim duong di dan téi céc
loi giai tot, vi chua khac nhau nhiéu. Vai trd chinh cua théng tin heuristic 1a dé khac
phuc diéu nay, gitp kién c6 thé xay dung duoc cac hanh trinh tt ngay trong giai doan
dau. Trong nhiéu trudng hop, nho sir dung tim kiém cuc b, kién van c6 thé tim duoc
loi giai tot ngay trong giai doan dau, khdng can sir dung thong tin heuristic nao ca, mac

d 6 1am cho qué trinh tim kiém cham hon.

2.4.5. S6 lrgng kién

Nhu da no6i ¢ trén, néu khdng sir dung tim kiém cuc bo va thong tin heuristic it
(hoic khéng c6), trong giai doan dau vét mui khong thé gidp kién tim dudng di dan téi
cac 1oi giai tot. Néu sir dung sb luong kién it, trong giai doan dau s& khdng tim duoc
loi giai tét va nhu vay, viéc cap nhat mui dugc cip nhat dua trén céc 10i giai khdng tét.
Khi d6, s& hudng viéc tim kiém xung quanh 16i giai khdng tét va do do6 thuat toan sé
khong hiéu qua. C6 thé khac phuc phan nao nhuoc diém nay bang cach ting s kién, dé
taing kha niang tim duoc 10i giai tét & mdi vong lap. Khi c6 sir dung tim kiém cuc bo

hoac thong tin heuristic manh, sir dung nhiéu kién 12 lang phi.
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2.4.6. Tham s6 bay hoi

O mdi vong lap, khi xay dung duoc 1oi giai tét (st dung tim kiém cuc bd hoic
thong tin heuristic manh), tham sé bay hoi s& dugc xac 1ap c6 gia tri 16n, diéu nay gilp
Kién quén di nhirng loi giai da xay dung, tap trung céng viéc tim kiém xung quanh loi
giai tot méi duoc xay dung. Trong truong hop nguoc lai, & mdi vong lap, kha ning
kién tim duoc loi giai tét khdng cao thi tham sé bay hoi phai dugc thiét 1ap véi gia tri

nho.

2.5. Két luan chwong

Phuong phap ACO 1a mot phuong phap metaheuristic duoc st dung rong rai dé
giai cac bai toan TUTH khé, hiéu qua noi troi cia né da duoc ching to bang thuc
nghiém. Phuong phap nay mé phong cach tim dudng di cua kién tu nhién, trong dé loi
giai chap nhan duogc cua bai toan dugc cac con kién xay dung nho tha tuc budc ngau
nhién trén d6 thi cau trc. Viéc tim kiém dinh méi cua duong di dua trén két hop thong
tin heuristic va thong tin hoc ting cuong biéu thi bai vét mui.

Khi 4p dung phuong phap nay, ba yéu té sau day c6 vai tro quan trong:

1) Xay dung db thi cau tric;

2) Xac dinh thong tin heuristic;

3) Chon quy tic cap nhat mui.

trong d6 hai yéu t6 dau phu thudc vao tirng bai toan cu thé, con yéu t6 thir ba co
nhiéu dé xuat va nghién ctu cai tién, nhung van con c6 thé duoc nghién ciu sau hon

nham dua ra cac cai tién hiéu qua.
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Chuwong 3. TINH BIEN THIEN CUA VET MUI VA CAC THUAT
TOAN MOI

Nhur da trinh bay trong chuong trude, Gutjahr [36-38], Stiitzle va Dorigo [65] da
Xét tinh hoi tu theo xac suat t6i 16i giai toi wu cuia MMAS, ACS va sy hoi tu caa cudng
d6 vét mui cho cac bién thé cua thuat toAn MMAS. CAc tac gia chua chua khao sat sy
hoi ty cta cuong do vét mui doi vai ACS.

Tuy nhién, trong cac bai toan tdi wu t6 hop do sé phuong an 13 hitu han, nén két
qua xac suat tim thay loi giai hoi tu vé 1 khi sé 1an Iap dan ra vo han la khéng c6 nhiéu
¥ nghia. Trong chuong nay, luan an phan tich chi tiét hon vé cac dic tinh bién thién
cuia vét mui trong cac thuat toan ACO thdng dung va xem xét cac quy tic cap nhat mui
theo cach nhin hoc ting curong (reinforcement learning), trén co so d6 dé xuat cac quy
tac cap nhat mui mai. Két qua thuc nghiém trén céc bai toan TSP va UBQP cho thay

vu diém cua cac dé xuat nay.

Trudc khi phén tich todn hoc, ta biéu dién lai thuat toan dudi dang dé& khao sat

hon.

3.1. Thuat toan tong quét

Xét mot bai toan TUTH cyc tiéu hoa (S, £, Q) trong muc 2.2 vai do thi cau tric:
G = (V,E,H, 1), trong d6 V 14 tap dinh, E 1a tap cac canh, H 1a vecto cac trong sb
heuristic cia canh twong ung, con 7 1a vecto vét mui tich luy dugc (ban dau duogc khai
tao bang 7,>0), C, 1a tap dinh khoi tao dé xay dung céac 1oi giai chap nhan duoc theo
tha tuc buéc ngau nhién. Thuat todn st dung m kién, thuc hién N, budc lip xay dung

loi giai nho tha tuc budc ngau nhién nhu md ta trong muyc 2.2.
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3.1.1. Quy tic chuyén trang thai

Gia st kién r dd xay dung x, =< uy,...,i > 1a mé rong duoc, né chon dinh y
thudc J(x;,) dé mé rong thanh x,,; =< u,,..., i,y > Vdi Xac suat dugc cho bai cong
thac (3.1) sau day:

Tﬁ[yhi,y

P(y/'l', xk) = ZJ'E](xk)Tiofjhi‘j y ]( k)
0 voiy & J(xx)

(3.1)

Qué trinh mé rong tiép tuc cho téi khi kién r tim duoc 10i giai chap nhan dugc
véi @6 dai khdng qua h.
Chua y. Quy tic nay khac mot chit so véi quy tac chuyén trang thai cua thuat toan ACS

va cong thuc 2.1, nhung khong anh huang toi cac két qua phan tich toan hoc vé sau.
Ky hiéu w(t) l1a loi giai t6t nhat cac kién tim duoc cho téi lan lap thir ¢ va
wi(t) 1a 151 giai tét nhat trong budc lap thir t. Néu wi(t) khdng tét hon w(t — 1) ta cd

w(t) = w(t — 1). Ta s& quan tam toi cac 10i giai gan ding w(t) nay.

3.1.2. Cap nhat mui

O day luan an xét hai quy tic dién hinh, duoc sir dung phé bién nhat hién nay
xuat phéat tir ACS va MMAS. Gia sit g 1a mot ham thuc, xac dinh trén S sao cho
rseS0< g(s) <o va g(s)>g(s) néu f(s) <f(s) (trong bai toan
TSP, g(s) chinh la nghich dao cua do dai duong di twong ung), khi d6 & mdi budc lap

cudng do vét mui s& thay d6i theo mot trong cac quy tic sau day:

Quy tic ACS. Quy tic nay phong theo ACS, bao gom ca cap nhat dia phuong

va toan cuc.

Cdp nhdt mui dia phirong. Néu kién k tham canh (i, j), tac 1a (i, j) € s(k) thi canh nay

s& thay d6i mui theo cong thuc sau:

54



i1 — pr; + py (3.2)
Cdp nhdt mui toan cuc. Cap nhat mui toan cuc di vai cac canh thudc w(t):
5, « 1 =-pz; +pg(w) (3.3)
Quy tic MMAS. Quy tic nay gidng nhu trong MMAS. Sau khi kién xay dung
xong loi giai ¢ budc 13p nao d6, vét mui dugc thay doi theo cdng thirc sau:
5 «(1—p)g; + Az (3.4)
trong do

Ae = pg(w(®)) (i,)) € w(t)
Tij = . (3.5)
max{r1 - (1 -pry, O} (i,j) € w(t)
& day 7,>0 la tham sé.
Chay:
1) Coéng thuc (3.4) tro thanh cong thac (2.10) trong MMAS khi layz;, = 7,,;,, Va gia
thiét 7,4, = g(w(t))

2) Cac quy tic cap nhat mui & trén chinh 1a quy tic G-best. Néu trong céc cong thirc
(3.3) va (3.5) thay w(t) bai wi(t), thi ta ndi la quy tac I-best. Trong muc sau ta chi
Xét cho quy tic G-best.

3.2. Phan tich toan hec vé xu thé vét mui

Dudi ddy dua ra nghién ciu vé tinh hoi tu cia cac thuat toan ACS va MMAS.
Sau khi udc lwong xac suat tim thdy mot phuong an & budce 13p t, luan an s& khao sat

su thay doi cua vét mui.

3.2.1. Uéc lwgng xac suét tim thay mét phwong an

Ménh dé 3.1. Céc khing dinh sau 1a dung:
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a) Bai toan tong quat cd 1oi giai tbi uu.

b) Vi mdi két qua thuc nghiém, céc gia tri f(w(t)) hoi tu cho mdi 1an chay khi t

dan ra vo han.
¢) Ky hiéu tap 1oi giai cta bai toan la S* va gia tri téi vu 13 g* (9" = f(s): s€S")
thi véi moi canh (i, j) € E ta ¢6 danh gia sau:
0 < Tyin = min{zy, 7, g(w (D)) }s7; jsmax{zy, 7, WA} = Tpax~ (3.6)
Ching minh
Ta thiy khang dinh a) 1a hién nhién vi tap S (va X*) I tap hitu han nén ton tai
gia tri toi wu 1a £*.
Khang dinh b) suy tir tinh don diéu giam cua dy f(w(t)) va ddy nay bi chan
boi g*.
Khang dinh ¢) dé dang nhan dugc nho ching minh quy nap theo t véi luu ¥
rang & mdi lan cap nhat mui, cuong do vét mii cua cac canh (i, j) theo quy tac ACS c6
dang: 7 ;- (1 — p)z;; + pdij, trong d0 Ty < T;;,6;; < Tmax, CON cuong do vét

mui cac canh cap nhat theo MMAS suy tir cac cong thac (3.4) va (3.5).

Vé sau, ta s& gia thiét 7, <g(w(t)) ¥t va nhu vay, 7y, = g°

Dinh nghia 3.1. V&i moi i thuoc V, dai lwong k. (i) = min {%:j, k e V} duoc goi la
ik

hé s6 léch heuristic cta dinh i, con dai lugng k, = min{k,(i):ieV} dugc goi 1a hé sb

Iéch heuristic cua bai toan.

Véi moi s S, ta ky hiéu p,(t) 1a xac suat d& m con kién tim duoc s & budc lap

t. binh ly sau day cho ta mét uwdc luong can dudi cua no.

Pinh ly 3.1.Véi moi s &S va véi moi t, ta lubn co:
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ps(t) 2pmin > 01 (37)

trong d6 p,,in xac dinh bai cong thic:

ol
Pmin = 1 — €xp <_%) (38)

max

Ching minh. Gia st s dugc xac dinh boi x (eX™) =< ug,...,u; > (k<h)
duoc mé rong tir ug. Vi moi bude lap ¢t vavi < h, tir (3.1) va (3.3) ta ¢6 danh gia sau
dbi v6i xac suat p(x;.1/x;) A€ xjpq = < Ug,..., U U > dwoC Mo rong tir x; =<

Ug, ..., U; > boi kién 7 1a:

(04
TminPujuiq ko (up)td,
p(xiy1/x;) 2 5 a p = o (3.9)
uejr(u;) Tmaxujuiy g NTmax

Do d6, néu goi p(r, s) 1a xac suat dé kién r tim duoc s ta co:

k
ek, Kb

p(r,s) = Hp(xi/xi—l) 2 nkrka Znh he  © 0

i=1

max Tmax

Nhu vay, ta cd udc lugng Xac suat tat ca m kién khong tim thay trong lan lap

nay nhu sau:

ki " MK T min
p(_,S)S(l_W Sexp —W

Tmax Tmax
. micltont, e e i
Suyra:pg(t) =1—exp ——ihe ) = Poun- binh ly dugc chirng minh.

Cha'y. Néu dung quy tac chuyén trang thai cho béi (2.7), dé dang nhan duoc:

mkhthe
Pmin = (1 — qo) [1 — exp <— ﬁ)]

max
Ki hiéu P(t) 1a xac suat tim duoc 1oi giai trong t budc lap (hay w(t) €S*). Pinh
ly sau 1a mo rong caa dinh ly 4.1 trong [65], dam bao tinh héi tu cua thuat toan.
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Pinh 1y 3.2. Vi moi &> 0 bé tuy y, ton tai T sao cho véi moi t > T ta déu co:
P(t) >1—-¢
c6 ngay udc lugng:

t

h.ha t
PO21-] [1-pe@l = 1= 0= p) =1- <exp <_ M i Tmm))

h+ha
i=1 N " Tmax
mihcha
= 1- exp _th—h;nm (310)
N"Tmax

Biéu thuc (3.10) cho ta két luan cua dinh Iy khi chon T du 16n.

3.2.2. Pic tinh caa vét mui

Ta thay rang trong thuc té, & cac budc lap t du 16n, kha ning xay ra
gw()>g(w(t + 1)) (va do @6, w(t + 1)=w(t)) rat bé, nén cé thé tir budce lap t, co
cac canh (i, ) khéng bao gio thudc vao w(t) vt>t, hoac lubn thuoc vao nd. Ta sé khao

sat dac diém cua 7; ; trong cac truong hop nay.

Pinh Iy 3.3. Gia st canh (i, j) thudc vao loi giai chip nhan duoc s ndo d6 va ton tai T

sao cho(i, ) € w(t) voi t > T thi céc khang dinh sau dung:

a) 7;;(t) hdi tu theo xac suat t6i 7; néu ding quy tac cap nhat mui ACS.

1
g* A N z A n ..
na_p "M dung quy tac cap nhat mui MMAS.

b) Ti,j(t) =T VGi mOl t > T+
Chizng minh

a) Ve>0 ta cin ching minh limHooP(|Ti,j(t) - T1| > ¢) = 0. Cong thiic cap

nhat mui dia phuong (3.2) ¢6 thé viét nhu sau:
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nje—A—-pr; + pr=1+1-p)(t;j —T1)
Néu tir bude 13p the T cho dén bude 1ap ¢, canh (i, ) duoc cap nhat cuc bo k
lan thi:
7,;() =71 + (1 — p)¥[1; ;(T) — 74].
Do d6, ton tai k, du 16n dé cho véi moi k>k,, ta co:
|Ti,j(t) — T1| = |(1 — p)k[Ti,j(T) — T1]| <&
Ta s€ ching minh lim,_,., P(k < k,) = 0.

kfrh“

—min 3 ¢4 danh gia sau doi voi xac suat P(r; (i, )

Thuc vay, néu dat py = 5
N Tmax

dé cho kién r cap nhat cuc bo d6i vai canh (i, j) & mdi budc lap: P(r; (i, ))) =
po > 0. Do vay xac suat P(r; —(i,)) cua kién r khdng cap nhat dia phuong

canh (i, /) & moi budc lip s& thoa man:
P(r; =(i,j)) < 1—py =qy < 1 (3.11)

Pit t = T + q, tir lan lap tha T toi ¢t + g, ¢6 thé xem nhu c¢6 mq con kién cap
nhat cuc bd ngau nhién canh (i, j) voi xac suat khdng cap nhat thoa mén (3.11) trong

bat ctr diéu kién nao. Lap luan twong tu nhu phép thir Béc_nu_li ta c6 danh gia:
P(k < ko) ST, Chqao ™ (3.12)
Do vay lim,_q, P(|7;;(t) — 71| > €) = lim,_o P(k < ko)
= limg e X0, Chaqo'® ™" = 0 (dpem)

b)Véoit = T + q, taco:

T
n—
g

T, < 7;(t) = max{(1 — p)qu-'j(T),Tl} < max{(1—p)ig*,1,}Vq = (dpcm).

In(1-p)
Pinh ly 3.4. Gia st canh (i, /) e w(t) vt > T thi cac khang dinh sau diing.

a) Néu cap nhat mui theo ACS thi:
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Ii_mri’j(t)271+p% (3.13)
t—o0 —4éL—p

b) Néu cap nhat mui theo MMAS thi:

limz, ,(t) = g(w(T)) (3.14)

Chizng minh

a) Ky hiéu k,, 1a s6 1an cap nhat mui cuc bo cua canh (i, j) trong budc lap u, khi
do ta co:
1w+ 1) = (1 —p)kutle ;(w) + T4 (1 = plpry + (1 — plp[g(W(D) — 7],

tarc 1 ¢ mot 1an cap nhat toan cuc trong mdi lan lap. Do g(w(t)) 1a ham don diéu
tang theo t, nén ta suy ra:
7,;(t) = (1 — p)¥tr; ;(T) + Zil(l —p)pty + X001 - P)h”P[g(W(T)) - T1]1

trong d6 q; = X5 pi1(ky, + D) vah, = 1;h,; = hy + ke_yyp + 1 VSi Moi v > 2

Boi vi ky, <m véi moi u nén t: 7;;(t) = (1 —p)¥r;(T) + thzl(l —
PPty + ZhZh (1 = p)" ™ Vplg(w(D)) — 7]

L4y gidi han biéu thirc nay khi ¢ dan ra vo han, véi luu y rang !le q, =0, taco
biéu thuc (3.13). Do vay khang dinh a) ding.

Khang dinh b) dugc chimg minh twong ty, khi lay gisi han biéu thirc:

7,;() = (1 —p) T () + X557 — p)Ppg(w(T)) (3.15)

3.3. Thao luan

bang cach vét can, nhung thuc té diéu nay khdng kha thi, do khéng gian tim kiém qua
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rong. Cac quy tic heuristic cho phép ta dua trén “cac kinh nghiém” c6 dugc dé tim
nhanh cac 16i giai du tét trong pham vi tim kiém hep va chap nhan loai bé nhitng 1oi
giai t6t hon. Sy két hop hoc ting cuong théng qua théng tin vé cudong do vét mui cho
phép ta tirng budc thu hep mién tim kiém, ma van khdng loai bo cac 1oi giai tét. Do do,

nang cao chat lwong thuat toan.

Ta thay chat lugng cua thdng tin heuristic tét s& nang cao hiéu qua thuat toan.
Tuy nhién, cac quy tic nay khdng phai ludn cé duoc va rat kho cé thé can thiép dé thay
ddi chat lwgng. Do vay, ta s& quan tdm téi cach cap nhat mui dé nang cao chat lugng
thuat toan. Dudi ddy, sau khi nhan xét chung vé dic tinh khai thac va kham pha cua
cac thuat toan, luan &n s& dua ra nhan xét vé cac quy tic cap nhat mui da néu o trén va

dua ra mot s6 dé xuat.

3.3.1. Tinh khai thac va kham pha

Tinh khai thac 1 viéc tap trung tim kiém loi giai xung quanh pham vi cua céc
canh thudc céc 10i giai tét nhat da duoc biét cho téi thoi diém dang xét, con tinh kham
pha 1 tim kiém & cac pham vi khéc. Trong cach cap nhat mui G-best, ta da biét w(t)
nén viéc tim kiém quanh né s& han ché nhiéu tinh kham pha, con khi cap nhat theo I-
best s& ma rong mién nay hon. Vi vay, trong thuc nghiém cap nhat theo I-best s& cho

két qua tét hon G-best.

Trong cac bai toan tdi wu td hop, xac suat mot phuong an cho trude duogc kién
tim ra & mdi lan lap 1a rat bé. Vi vay, c6 thé sau mot sé budc 1ap, cuong do vét mii
trén moi canh khong thudc w(t) sé bé, do d6 lam giam kha niang kham pha, mac di
chiding ¢ thé co trién vong thudc loi giai tét. Vi bai toan TSP, ta c6 ménh dé sau.
Ménh dé 3.2. Trong bai toan TSP véi db thi khdng c6 huéng, mdi chu trinh Hamilton
(duong lién) qua canh (i, j) va khong qua canh (k, k) c6 thé doi nhiéu nhat 7 canh dé
c6 duogc chu trinh di qua canh (k, k) ma khéng qua (i, j).
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Chitng minh. Két luan cia ménh dé dé dang nhan duoc tir hinh 3.1. Trong d6
chu trinh gém céc canh (duong lién) lién qua (i,j) va nho déi di 5 canh tuwong (ng
{(m, 1), (n, k), (i, ), (k,0), (p, W)} thanh {(m, k), (n, 1), (i, 0), (k, h), (p,j)} (dudng dut
doan) s& duoc hai chu trinh doc lap, va doi tiép 2 canh dé dua 2 chu trinh thanh mot

chu trinh di qua canh (k, k) ma khéng qua (i, j).

Hinh 3.1: Hai chu trinh khac nhau 7 canh, dwong lién qua canh (i, j) va duwong dit doan
qua canh (k, h)

Cdc diém han ché cia ACO

1) Ménh dé trén cho thay khi thuat toan méi bat dau, cac vét mui dugc khoi tao
nhu nhau, mot canh (k, h) “t6t hon” canh (i, ), do nd thudc chu trinh dai hon c6 thé bi
dao nguwoc mot cach rat ngau nhién. Khi mot canh do ngu nhién khéng dwoc cap nhat
mui, sau mot sé budc cuong dd mui cua nd nhanh chéng bi giam xudng va do vay kho
duoc kién chon & budc sau d6, mic du “chit lugng” ciia nd chwa chic di 1a “x4u”.

2) Néu khoi tao mui nhu nhau va khong ding thong tin heuristic, Xac suat cua
mdi canh dugc Kién di cho sir dung trong lan lap dau sé 1a ﬁ X&c suat nay rat bé khi
n 16n. Nhu vay, tly theo ting loai bai toan ma ty Ié gitra T, va T, S& rat co ¥ nghia cho
can bang gitra tinh khdm pha va tinh khai thac cua thuat toan.

3) Céc lwong mui cap nhat theo céc cong thic tir (3.2) dén (3.5) phu thudc vao
gia tri ham muc tiéu cua loi giai dugc kién xay dung duogc trong cac budc 1ap. Viéc xac
dinh cac gia tri t, va t, hay T,,i, Va T, cling phu thudc vao tuong quan vdi cac gia
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tri chua dugc xac dinh trudc ndy cua tirng bai todn, khi d6 thuat toan méi tét duoc. Tuy

nhién, diéu nay rat kho thuc hién.

Bay gio ta & binh luan cu thé hon vé ting thuat toan da néu.

3.3.2. C4c thuit toan cap nhat mui theo quy tic ACS

Nhu da néi & muc 3.2.2, cach cap nhat mui toan cuc cua ACS [30] thuc hién bay
hoi d6i voi cac canh khong duoc kién chon. Vi vay, khong dam bao cuong do vét mui
thoa man diéu kien thuoc khoang [Tmin, Tmax]. VEt mUi cua nhitng canh, khong dugc
kién sir dung va khong thudc duong di tot, s& nhanh chéng dan vé 0, 1am cho cac con
kién sau s& c6 bo qua cac canh nay. Tuy vay, nhu da chi ra ¢ trén, canh nay van co thé
la canh tham gia vao 1oi giai “t6t”, nhung bi loai do rui ro. Hién twong nay lam giam
tinh kham pha cua ACS, vi thé hiéu qua caa n6 kém MMAS (xem [66])

Quy tic cap nhat mui toan cuc trong [31] (duoc gidi thiéu & chuong trudc) da
khic phuc duoc han ché nay nén dén nay né duoc thay cho cach cap nhat ¢ [30]. Tuy

vay, viéc cap nhat dia phuong chua cho thay 1d y nghia cua hoc ting cuong.

3.3.3. C4c thuit toan cap nhat mui theo quy tic MMAS

Theo quy tic nay, viéc tim kiém chi tap trung quanh 1oi giai tot nhat, con cac
canh khéng thuoc 1oi giai nay s& co cuong do vét mii nhanh chéng tut vé z,,;, theo
danh gia b) caa dinh Iy 3.3. Vi vay, khi z,,;,, nho hon nhiéu S0 Véi 7,4, tinh khdm phé
s& kém, con néu chon 7,,;, 9an Vai 7,4, thi thuat toan chu yéu 1a tim kiém ngau nhién

dua theo thdng tin heuristic.

3.4. Pé xuit cac phwong phap cip nhat mii méi

Dua trén c4c phan tich trén, luan an dé xuat quy tic cai tién caa ACS va MMAS

nhu sau:
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a) Phwong phap cdp nhat mui da murc: MLAS (Multi-level Ant System)

Dua va0 nhan xét & muc trudc, thay cho viéc bay hoi vét mii ¢ cac thanh phan
khdng thudc cac 1oi giai caa mdi con kién trong mdi 1an cap nhat mui & mdi budc lap,
ta cho 7; VA 7,4, tang dan. Do léch gitta 7, VA 7,4, cho phép ta diéu khién tinh hoi tu
va kham pha. Néu thay 1oi giai tdt it thay d6i thi cho 7, gan z,,, dé ting tinh kham
pha va nguoc lai, cho 7; dich Xa 4, dé cho loi giai tap trung tim kiém quanh 16i giai

tét nhat tim duoc.

Quy tic nay da thir nghiém cho cac bai toan TSP va JSS, cho két qua kha quan
so v&i MMAS. Tuy nhién, viéc diéu khién do léch giita 7; VA 7,4, rat khé ap dung cho
cac bai toan cu thé, nén ching toi thay boi phuong phap 3-LAS sé trinh bay & phan c)
duéi day.

b) Phwong phap Max-Min tron: SMMAS (Smoothed Max Min Ant System)

Duwa vao nhan xét & muc trén, ta thay khéng nén giam vét mui & cac canh khong
thudc 10 giai tét qua nhanh nhu trong quy tic MMAS, ma nén ding quy tic Max-Min
tron nhu sau: 7;; « (1 — p)7;; + At;; V6

PTmin néu (i!j) ¢ W(t)
v .. 3.16
PTmax 16U (i, ]) € W(t) (3.16)

ATi,j = {

Khi cai dit, 14y 7= Tmax.

¢) Phuong phap 3-LAS (Three-level Ant System)

Pbi vai cac bai toan st dung thong tin heuristic, anh huéng nhiéu téi chat luong
tim kiém 10i giai, chang han nhu bai toan TSP, phuong phap 3-LAS twong tu ACS,
nhung dé ding hon va hiéu qua tét hon. Phuong phap nay sir dung thém tham s6 ;4
thudc Khoang (T i, Tmayx) Va Cap Nhat mui tuong ty SMMAS cho cac canh c6 kién st

dung hoic thuéc w(t). Cu thé la:
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Ti,j — (1 - P)Ti,j + ATi,j VoI

PTmax N€U(i,]) € w(t)
At ; ={ptmig néuV(i,j) € w(t) vacékién di qua (3.17)
PTmin Cho cac canh con lai

3.5. Nhén xét vé c4c thuét toan méi

Trong ba phuong phap cap nhat mui & trén, hai phuong phap SMMAS va 3-
LAS don gian va d& sir dung hon, nén luan an sé néu ra cac wu diém cua hai thuat toan

nay khi sir dung va nhan xét vé tinh bat bién cua chang.

3.5.1. Un diém khi sir dung SMMAS va 3-LAS

Ta thay thuat toan SMMAS va 3-LAS c6 mot s6 vu diém sau so véi ACS va
MMAS.

1) Vi ACS va MMAS, dé xac dinh 7, hay z,;,, VA T,q, nguoi ta can tim mot
|61 giai theo phuong phap heuristic va dya vao gia tri ham muc tiéu cua no. Vi gié tri
ham muc tiéu ndy nhan duoc ngiu nhién, nén kho xac dinh tét tham sé cho hoc ting
cudng. Quy tac cap nhat mai cho phép ta xac dinh céc tham sé nay don gian va hop Iy
hon, cu thé: trong SMMAS va 3-LAS ta khong can xac dinh chinh xac gia tri
Tomin » Tmax MA Chi can xac dinh ti 18 gitta 7, » Tmax- TrONG thuc nghiém, luan an luén
thiét dat 7,4, = 1.0 va xac dinh z,,;,, qua ti 1& gita Ty , Znax. Can Nhan manh rang,
viéc chi can lya chon ti 18 gilta 7, , Tng, don gian va mat it thoi gian thuc nghiém
hon rat nhiéu so véi viéc lya chon cu thé hai tham s6 Zin » Zmax-

2) Viéc thém mui cho cac canh thudc 1oi giai tét & mdi budc lap trong thuat toan
ACS va MMAS, ta phai xay dung ham dé tinh luong mui dwoc thém duya trén chat
luong 10i giai do kién xay dung dugc. Vi du, trong bai toan TSP, ACS va MMAS st

dung ham nghich déo d6 dai dudng di dugc kién xac dinh. Piéu nay ciing 1a mét trong
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nhitng khé khan khi 4p dung ACS (hoic MMAS) ddi véi mot bai toan méi. Tuy nhién,
trong SMMAS va 3-LAS khéng can phai xay dung ham nay.

3) D& dang kiém tra dugc cac thuat toan nay co cung do phic tap nhu MMAS
va ACS, nhung it phép toan hon MMAS vi khong phai tinh ham muc tiéu & luong mui
cap nhat va khong phai so sanh dé giGi han vét mai trong khoang z,,i, , Tmayx. Theo

cach cap nhat cia SMMAS va 3-LAS, vét mii lubn trong kKhoang z,i, » Tmax-

3.5.2. Tinh bét bién

Mot s6 tac gia da xét tinh bat bién caa cac quy tac cap nhat mai khi ham muc
tiéu dugc bién doi tuyén tinh don diéu [8,70]. Bé khao sét tinh bat bién, ta can khai
niém vé céac thé hién cua bai toan TUTH va gia thiét vé tinh Iap cua may tao s gia
ngau nhién.

Pinh nghia 3.2. (Thé hién cua bai toan)

Xét hai bai toan TUTH (S, f, Q) va (S, £, Q). Ta sé goi ching Ia hai thé hién I
va I’ tuong ang caa mot bai toan, néu f'(s) = g(f(s)) véi moi s thugc S trong d6 g la
ham don di¢u tang chat.

Thong thuong ta sé xét g thugc mot nhom cac ham G nao do.

Pinh nghia 3.3. (Gia thiét vé tinh lap ctia may tao sé gia ngau nhién)

Khi chay mot thuat toan tim kiém ngau nhién cho hai thé hién caa mot bai toan,
cac quyét dinh dya trén céc thi nghiém ngau nhién nhd mot may tao sé gia ngau nhién.
Ta gia thiét cac s6 nay duoc tao ra cing mot phuong phap (chang han cing mot
gidng:seed), nhu vay day sé ngau nhién tao ra khi giai hai thé hién 1a nhu nhau va ta
goi n6 la may phat lap.

Bay gio ta dinh nghia tinh bat bién cua thuat toan.
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Pinh nghia 3.4. (Tinh bat bién cua thuat toan)

Ta ndi thuat todn A bat bién trén nhém bién d6i don diéu G d6i véi bai toan
(S, f, ) néu khi sir dung n6 nho mot may phat lap dé giai hai thé hién cua bai toan van
cho ta cuing mot day 1o giai va vét mui.

Birattari [8] va Zang [70] da xét tinh bat bién cua mot sé thuat todn 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 thuat todn SMMAS va 3-LAS bat bién doi véi
nhom bién d6i don diéu tang cta bai toan (S, £, Q). Pinh ly sau la ding.
Pinh ly 3.5. Gia sir I va I’ 1a hai thé hién cua mot bai toan TUTH tuy y. Khi giai bang
mét trong hai thuat toan SMMAS hoic 3-LAS vai clng s6 1an 1ip nhd ding mot may
phat l3p s& cho két qua ciing mot day 10i giai va cac vecto vét mui.

Két luan caa dinh Iy 1a hién nhién vi quyét dinh va lueong mui thay ddi trong

mdi 1an 1ap s& nhu nhau & mdi lan lap.

3.6. Két qua thwc nghiém cho hai bai toan TSP va UBQP

Trong phan nay luan an gici thiéu két qua thuc nghiém ddi voi cac thuat toan
mai cho bai todn TSP va so sanh voi MMAS. Ngoai ra, luan an ciling so sanh SMMAS
véi MMAS cho bai toan UBQP véi ly do s€ néu ¢ myc 3.6.2.

3.6.1. Thuc nghiém trén bai todn TSP

Nhu da noi truée ddy, bai toan TSP duoc xem 1 bai toan chuan dé thir nghiém
cac thuat toan giai cac bai toan TUTH méi. Trong [20], da gidi thiéu mot thuat toan
loai MLAS cho bai toan TSP va cho thiy phuong phap nay tét hon MMAS va ACS.
Trong [21], két qua thuc nghiém cia mot thuat toan SMMAS va bién thé khac cua
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MLAS dbi véi bai toan JSS cho thay thuat toan véi cac quy tic cap nhat mui nay tét
hon ACS va MMAS.

Duéi day trinh bay két qua thyc nghiém so sanh ba phuong phap MMAS,
SMMAS va MLAS véi 5 bo test eil51, kroA100, d198, 1in318 va rat783 véi sé dinh
tuong Gng 1a 51, 100, 198, 318 va 783 dinh. Pay 1a cac bo test chuan caa bai toan TSP
dugc Dorigo va Stiitzle dung dé thyc nghiém va cong bd [30,66] (cac bo test Iy tir dia
chi [77]).

Két qua cia MMAS trong bang 3.1 1a két qua chay chuong trinh ctia chinh tac
gia Stitzle, lay tir dia chi [76]. Két qua chay theo chuong trinh nay tot hon két qua da
cdng bd trong bai bao [66]. MMAS [66] khi cong bd két qua thuc nghiém cho thay tét
hon ACS, sau d6 khong thay c6 tai liéu nao cho rang ACS tét hon. Hon nita MMAS
don gian hon nén nhiéu nguoi wa ding. Phan mém MMAS nay la phién ban méi nhat

cuia Thomas Stutzle [76] dugc biét, nén dugc dung dé so sanh thuat toan méi.

Trong MLAS, SMMAS va 3-LAS, cac tham s duoc thiét dat nhu sau: m =

% ;@ =1; B =2; p=0.05. Ngoai ra, trong SMMAS va 3-LAS ti I¢ 224 dat bing
N+50 ~
. _— > . N .2
N.k, véi k = { 100 néulN =50 , ti e T"ﬂ = k. Viéc dieu khién 7,,in, Tmax trong
1 néuN<50 tmid

MLAS thuc hién nhu trong [20]. Thuc nghiém thuc hién véi sb 1an chay va sé 10i giai
nhu Stiitzle da 1am trong [66]. Cu thé, véi cac test eil51, kroA100 va d198, tat ca
phuong phap cho chay 25 1an, mdi lan cung chay vai s6 16i giai § = 10000 x N (N Ia
s6 dinh), hai test 1in318 va rat783 chay 10 lan, mdi lan cing chay véi sb 10i giai

S = 10°, sau d6 so sanh két qua trung binh va két qua tt nhat cua cac 1an chay.

Két qua cua cac phuong phap véi ting bo test nam trong 6 giao giira cot va
dong tuong ng, trong d6 s6 ¢ trén biéu thi két qua trung binh va sb trong ngoic biéu

thi d6 léch cua két qua trung binh véi két qua tdi wu cia test d6, hai s6 ¢ dudi lan luot
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la két qua tot nhat va két qua toi nhat trong céc lan chay, sé ¢ dong thir ba 1a d6 léch
chuan. Trong phuong phap ACO, thuc nghiém so sanh céc thuat toan duoc thyuc hién
trén nhiéu bo dit liéu va thong ké theo da sb dya trén két qua trung binh. Két qua trung
binh phan &nh chét lugng cua thuat todn, con cac két qua tét nhat va tdi nhat dé tham
khao vé tinh kham pha cua né, do léch chuan dé tham khao tinh 6n dinh cua thuat toan.

Trong céc bang két qua dudi day, két qua dugc to dam l1a két qua tét nhat trong céc

phuong phap.
Bang 3.1: Két qua thwc nghiém so sanh bén phwong phap
MMAS, SMMAS, MLAS va 3-LAS.
test MMAS SMMAS MLAS 3-LAS
426.44(0.10%) 426.08(0.02%) 426.00(0.00%) 426.2(0.05%)
eil51 426 ‘ 428 426 ‘ 427 426 ‘ 426 426 ‘ 428
0.77 0.28 0.00 0.50
21304.40(0.11%) | 21305.76(0.11%) | 21289.70(0.04%) | 21287.96(0.03%)
kroA100 21282 ‘ 21378 | 21282 ‘ 21379 | 21282 ‘ 21319 | 21282 ‘ 21379
42.86 41.92 10.17 19.41
15950.96(1.08%) | 15990.44(1.33%) | 15970.60 (1.21%) | 15952.80(1.1%)
d198 15875 ‘ 16034 | 15828 ‘ 16116 | 15902 ‘ 16040 | 15854 ‘ 16006
31.42 44.05 27.24 25.30
43106.30(2.56%) | 42445.80(0.99%) | 42438.10(0.97%) | 42441.9(0.98%)
lin318 42859 ‘ 43376 | 42201 ‘ 42873 | 42257 ‘ 42639 | 42175 ‘ 42918
288.50 264.86 201.33 276.95
8951.5(1.65%) 8938.80(1.51%) | 8933.00(1.44%) | 8924.50(1.35%)
rat783 8920 \ 8986 8868 \ 8989 8904 \ 8959 8873 \ 8984
34.78 60.59 26.56 45.84
Nhan xét:

1) So sanh két qua trung binh. Trong 5 test dwoc thyc nghiém, 3-LAS va MLAS
cho két qua trung binh tét nhat va ca ba thuat toan SMMAS, MLAS va 3-LAS déu t6t
hon MMAS (trtr treong hop d198).
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2) Két qud tot nhat. Trong 5 test duoc thuc nghiém, c6 2 test voi sé dinh nho
(eil51 - 51 dinh, kroA100 - 100 dinh) ca bbn thuat toan déu tim duoc 16 giai tbi uu,
c4c test sau thi SMMAS, MLAS, 3-LAS déu cho két qua tét hon MMAS.

3) Hau nhu SMMAS déu cho két qua tét nhét trong cac phwong phap nhung két
qua trung binh céc 1an chay thi kém MLAS va 3-LAS. Diéu nay duoc giai thich nhu
sau: SMMAS khong ¢6 co ché diéu chinh khai thac va kham phé linh hoat nhuw MLAS
va 3-LAS. bé khic phuc nhuoc diém nay, luan an sir dung khoi tao lai vét mui trong
SMMAS nhu trong MMAS. Két qua thuc nghiém cua SMMAS khi ¢é st dung khoi

tao lai vét mui trong bang 3.2.

Bang 3.2: Két qua thuc nghiém so sanh cac phuong phap MMAS, SMMAS, SMMAS™®
(SMMAS c6 khéi tao lai vét mai), MLAS va 3-LAS.

test MMAS SMMAS SMMAS®® MLAS 3-LAS

426.44(0.10%) | 426.08(0.02%) | 426.00(0.00%) | 426.00(0.00%) | 426.2(0.05%)

eil51 426‘ 428 426 ‘ 427 | 426 ‘ 426 426 ‘ 426 426 ‘ 428

0.77 0.28 0.00 0.00 0.50
21304.40(0.11%) |21305.76(0.11%)|21282.96(0.00%)| 21289.70(0.04%) | 21287.96(0.03%)

kroA100 21282‘ 21378 | 21282 ‘ 21379 21282‘ 21296 | 21282 ‘ 21319 | 21282 \ 21379

42.86 41.92 3.37 10.17 19.41
15950.96(1.08%)|15990.44(1.33%)| 15966.88(1.18%) | 15970.60 (1.21%) | 15952.80(1.1%)

d198 15875‘ 16034 | 15828 \ 16116 15828‘ 16045 | 15902 \ 16040 | 15854 \ 16006

31.42 44.05 37.41 27.24 25.30
43106.30(2.56%) |42445.80(0.99%)| 42442.50(0.98%) | 42438.10(0.97%) | 42441.9(0.98%)

lin318 42859‘ 43376 | 42201 ‘ 42873 42201‘ 42886 | 42257 ‘ 42639 | 42175 \ 42918

288.50 264.86 267.22 201.33 276.95
8951.5(1.65%) | 8938.80(1.51%) | 8930.90(1.42%) | 8933.00(1.44%) | 8924.50(1.35%)

rat783 8920‘ 8986 8868 \ 8989 8878‘ 8963 | 8904 \ 8959 8873 \ 8984

34.78 60.59 43.56 26.56 45.84

Két qua thuc nghiém cho thdy, SMMAS®® diéu chinh khai thac va kham pha
bang co ché khai tao lai vét mui khi tic nghén (gibng MMAS) da dat hiéu qua tét hon.
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Vi vay, trong cac thuat toan sir dung cach cap nhat mii SMMAS vé sau déu sir dung co
ché khai tao lai vét mui. Nhu vay, cach cap nhat mui SMMAS don gian, d& si dung va
t6t nhu MLAS va 3-LAS. Khi tng dung phuong phap ACO, ta thuong phai xac dinh
nhiéu tham s va céc tham sé anh huang nhiéu dén hiéu qua thuat toan nén SMMAS I
thich hop nhat khi giai mot bai toan méi. Trong phan sau, luan an tiép tuc khao sét tinh

hiéu qua cia SMMAS trén bai toan quy hoach toan phuong nhi phan khéng rang budc.
3.6.2. Thuc nghiém trén bai todn quy hoach tean phwong nhi phan khéng rang
bugc

Tro lai véi bai toan qui hoach toan phuong nhi phan khéng rang budc:

Cho ma tran Q = (g;;) la ma tran dbi xung kich thudéc n X n. Tim vector x 1a
vector nhi phan gém n thanh phan x = (x4, x,,.., x,,), trong d6 x; = 0 hoic 1 sao cho:

f(x) = x'Qx = XLy X7, qijx;x; dat gid tri Ion nhat.

Ly do chon bai todn thuc nghiém
Ngoai ly do bai toan UBQP c¢6 nhiéu ung dung, con ¢ nhitng Iy do luan an lya
chon bai toan UBQP nhu sau:

- Trong [10], tac gia Blum va Dorigo da dé xuat thuat toan MMAS_HCF (Hyper-
Cube Framework - HCP) giai bai toan UBQP. Két qua thyc nghiém trong [10]
cho thdy MMAS_HCF tbt hon cac phuong phap GLS (Genetic Local Search),
STS (Simple Tabu Search ) va SSA (Simple Simulated Annealing).

- MMAS_HCF giai bai toan UBQP khdng st dung dung thdng tin heuristic.

- Vét mui duoc luu trén dinh chix khdng theo céach thirc truyén thong (vét mui luu

trén canh).
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Luan &n tién hanh &p dung SMMAS theo cung d6 thi ciu truc, cach luu trit moi
va khong stir dung dung thong tin heuristic nhu trong [10] d& dugc Blum va Dorigo

dung giai bai toan UBQP dé thay hiéu qua cua cach cap nhat mui do luan &n dé xuat.
Phuwong phap tdi wu dan kién giai bai toan UBQP
1) D6 thi cau tric va vét mui

Db thi ciu trdc gom 2 x n + 2 dinh, trong d6 c6 dinh s (xuat phat), t (két thic)
va n dinh i® va n dinh i'(i =1,2,..,n). Viéc xay dung vecto nhi phan x =

(x1,%,,..,%,) twong wng Vi viéc kién xay dung hanh trinh tir s dén t. Néu & budc thir

i kién chon dinh i° thi x; = 0 con kién chon dinh i® thi x; = 1.
Vét mii 7;,, duoc gan trén cic dinh i (i = 1,2,..,n;v = 0,1) thé hi¢n sy wu

tién lya chon gia tri v cua x;.

T1,0 T2,0 Tn,o

@ X e

Hinh 3.2: P thi ciu trdc giai bai toan UBQP
2) Xay dyng loi giai

Xuit phét tir dinh s, kién di chuyén qua n budc rdi két thic tai dinh t. Tai budc

tha i, kién lua chon dinh i° hoic i! theo x&c suat;

pk, = —2_ (3.18)

Tio T Tia
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Néu trong hanh trinh, ¢ budc tht i kién lya chon dinh i° thi thanh phan tht i
cua vector x 12 x; = 0, con néu ¢ budc tha i kién lua chon dinh it thi thanh phan thu i
cua vector x la x; = 1.

3) Cap nhat mui theo SMMAS

Vét mui s& dugc cap nhat theo quy tac:

Tiy < (1 - p)Ti,v + ATi,v (319)
i _ {PTmin néu (i' U) ¢ W(t)
Vol Aty = {prmax néu (i, v) € w(t) (3.20)

Két qua thuc nghiém

Luan &n tién hanh thuc nghiém trén bai toan UBQP dé so sanh SMMAS véi
MMAS_HCF trong hai truong hop ¢é ding tim kiém cuc bo va khéng ding tim kiém
cuc bo. Luan an tién hanh thuc nghiém cho tat ca cac bo test chuan cua bai toan UBQP
[5]. Mdi thuat toan déu dugc chay 20 lan doc 1ap va so sanh két qua tét nhat va két qua

trung binh caa 20 lan chay.

1) Két qua thuc nghiém khong sir dung tim kiém cuc bo

Vai bo dix liéu nho (n=200): Trong 5 test dugc thuc nghiém, ca 5 test gia tri
trung binh cia SMMAS déu t6t hon MMAS HCF. SMMAS tim dugc két qua ti wu
cua ca 5 test, con MMAS_HCEF chi tim dugc 3 test. (Bang 3.3)

Bo dit liéu trung binh (n=500): Trong bo dir licu ndy SMMAS tt hon han
MMAS_HCF, trong 10 test dugc thuc nghiém ca 10 test gia tri trung binh cia SMMAS
déu tét hon MMAS_HCF va 9/10 test c6 két qua tét hon két qua tét nhat cua
MMAS_HCF. (Bang 3.4)
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Bang 3.3: So sanh SMMAS véi MMAS_HCF véi b dix ligu n=200
(khdng dung tim kiém cuc b)

thoi gian chay 100 giay best %best avg-best %avg std suc(/20)
1) ) 3) (4) (5) (6) )
200-1e SMMAS 16464 0.00 16437.80 0.16 14.60 3
16464 | MMAS_HCF | 16464 0.00 16416.10 0.29 26.35 2
200-2e SMMAS 23395 0.00 23368.45 0.11 21.62 1
23395 | MMAS_HCF | 23381 0.06 23315.30 0.34 83.25 0
200-3e SMMAS 25243 0.00 25207.75 0.14 94.91 14
25243 | MMAS_HCF | 25243 0.00 24925.35 1.26 336.30 6
200-4e SMMAS 35594 0.00 35572.50 0.06 15.32 2
35594 | MMAS_HCF | 35594 0.00 35511.50 0.23 81.36 3
200-5e SMMAS 35154 0.00 35058.35 0.27 51.41 1
35154 | MMAS_HCF | 35064 0.26 34823.45 0.94 217.09 0

Ghi chi: Cot 1 1a thong tin vé test, tén va két qua t6i wu cia test d6 (sd & dudi tén test),

tén phuong phap giai bai toan UBQP. Cot 2, best 1a két qua tét nhat trong 20 lan chay.

Cot 3, %best 1a do léch két qua tét nhat voi két qua toi wu. Cot 4, avg-best 1a két qua

trung binh caa 20 lan chay. Cot 5, %avg-best 1a do léch két qua trung binh véi két qua

t6i wu. Cot 6, std 1a d6 léch chuan. Cot 7, suc(/20) 1a sé lan chay cho két qua téi wu.
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Bang 3.4: So sanh SMMAS véi MMAS_HCF véi b dix ligu n=500
(khdng dung tim kiém cuc b)

thoi gian chay 500 giay best %best avg-best %avg std suc(/20)
(1) (2 3) (4) (5) (6) (1)
500-1 SMMAS 115501 0.93 114499.75 1.79 516.61 0
116586 | MMAS HCF | 114802 1.53 113593.05 2.57 968.93 0
500-2 SMMAS 127965 0.29 127525.65 0.63 406.66 0
128339 | MMAS HCF | 127686 0.51 126581.55 1.37 895.32 0
500-3 SMMAS 130382 0.33 129683.65 0.86 374.86 0
130812 | MMAS_HCF | 130207 0.46 128838.60 1.51 849.21 0
500-4 SMMAS 129651 0.34 128972.50 0.86 397.70 0
130097 | MMAS HCF | 129513 0.45 128322.60 1.36 782.87 0
500-5 SMMAS 124847 0.51 124050.80 1.14 451.85 0
125487 | MMAS HCF | 124477 0.80 123110.20 1.89 850.45 0
500-6 SMMAS 120119 1.36 119460.00 1.90 583.41 0
121772 | MMAS_HCF | 119945 1.50 118787.05 2.45 899.41 0
500-7 SMMAS 121174 0.84 120272.20 1.58 442.30 0
122201 | MMAS _HCF | 121241 0.79 119629.50 2.10 915.37 0
500-8 SMMAS 122892 0.54 121995.25 1.27 368.53 0
123559 | MMAS HCF | 122086 1.19 121202.05 1.91 654.56 0
500-9 SMMAS 120134 0.55 118934.50 1.54 596.42 0
120798 | MMAS HCF | 118752 1.69 117526.80 2.71 853.72 0
500-10 SMMAS 129861 0.58 129357.80 0.97 294 .51 0
130619 | MMAS _HCF | 129840 0.60 128709.60 1.46 747.64 0
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2) Két qua thuc nghiém cé st dung tim kiém cuc bo

Viéc thuc nghiém cac thuat toan khéng dung tim kiém cuc bé nham muc tiéu so
sanh tinh hiéu qua caa cach cap nhat mii méi. O déy, luan an thyc nghiém so sanh khi
két hop véi tim kiém cuc bo, dé khao sat kha nang tich hop véi tim kiém cuc bo cua
thuat toan méi. Thuat toan tim kiém cuc bd dugc sir nhu trong [10] dd dugc Blum va

Dorigo dung.

Bo dir liéu trung binh (n=500 va n=1000): Khi &p cd sir dung tim kiém cuc bo
ca SMMAS va MMAS_ HCF déu cho két qua tét hon han so voi khéng sir dung tim
kiém cuc bo. Ca SMMAS va MMAS_HCF déu tim duoc t6i wu cta ca 10 test (n=500),
10 test (n=1000). So sanh theo két qua trung binh, SMMAS t6t hon MMAS_HCF. C6
3/10 test cua bo n=500 va tét hon 7/10 test cia bo n=1000 (Bang 3.5 va Bang 3.6).
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Bang 3.5: So sanh SMMAS véi MMAS_HCF véi b dik ligu n=500
(c6 sir dung tim kiém cuc bg)

thoi gian chay 100 giay best %best avg-best %avg std suc(/20)
(1) 2 (3) (4) (5) (6) (7)
500-1 SMMAS 116586 | 0.000 | 116586.00 | 0.000 0.00 20
116586 | MMAS HCF | 116586 | 0.000 | 116586.00 | 0.000 0.00 20
500-2 SMMAS 128339 | 0.000 | 128339.00 | 0.000 0.00 20
128339 | MMAS HCF | 128339 | 0.000 | 128339.00 | 0.000 0.00 20
500-3 SMMAS 130812 | 0.000 | 130812.00 | 0.000 0.00 20
130812 | MMAS HCF | 130812 | 0.000 | 130812.00 | 0.000 0.00 20
500-4 SMMAS 130097 | 0.000 | 130096.00 | 0.001 4.47 19
130097 | MMAS HCF | 130097 | 0.000 | 130084.00 | 0.010 9.79 7
500-5 SMMAS 125487 | 0.000 | 125487.00 | 0.000 0.00 20
125487 | MMAS HCF | 125487 | 0.000 | 125487.00 | 0.000 0.00 20
500-6 SMMAS 121772 | 0.000 | 121766.70 | 0.004 16.31 18
121772 MMAS_HCF 121772 0.000 121761.40 0.009 21.75 16
500-7 SMMAS 122201 | 0.000 | 122201.00 | 0.000 0.00 20
122201 | MMAS HCF | 122201 | 0.000 | 122201.00 | 0.000 0.00 20
500-8 SMMAS 123559 | 0.000 | 123559.00 | 0.000 0.00 20
123559 | MMAS HCF | 123559 | 0.000 | 123554.45 | 0.004 11.14 17
500-9 SMMAS 120798 | 0.000 | 120798.00 | 0.000 0.00 20
120798 | MMAS HCF | 120798 | 0.000 | 120798.00 | 0.000 0.00 20
500-10 SMMAS 130619 | 0.000 | 130619.00 | 0.000 0.00 20
130619 | MMAS HCF | 130619 | 0.000 | 130619.00 | 0.000 0.00 20
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Bang 3.6: So sanh SMMAS véi MMAS_HCF véi b$ dit ligu n=1000
(c6 sir dung tim kiém cuc bg)

thoi gian chay 500 giay best %best avg-best %avg std suc(/20)
(1) @) ©) (4) (5) (6) ()
1000-1 SMMAS 371438 | 0.000 | 371422.50 | 0.004 47.71 18
371438 | MMAS _HCF | 371438 | 0.000 | 371418.20 | 0.005 53.26 16
1000-2 SMMAS 354932 | 0.000 | 354932.00 | 0.000 0.00 20
354932 | MMAS_HCF | 354932 | 0.000 | 354932.00 | 0.000 0.00 20
1000-3 SMMAS 371236 | 0.000 | 371236.00 | 0.000 0.00 20
371236 | MMAS_HCF | 371236 | 0.000 | 371236.00 | 0.000 0.00 20
1000-4 SMMAS 370675 | 0.000 | 370675.00 | 0.000 0.00 20
370675 | MMAS HCF | 370675 | 0.000 | 370638.15 | 0.010 47.12 11
1000-5 SMMAS 352760 | 0.000 | 352748.00 | 0.003 15.08 12
352760 | MMAS HCF | 352760 | 0.000 | 352740.50 | 0.006 14.68 7
1000-6 SMMAS 359629 | 0.000 | 359601.20 | 0.008 68.06 17
359629 | MMAS_HCF | 359629 | 0.000 | 359574.65 | 0.015 85.34 14
1000-7 SMMAS 371193 | 0.000 | 371193.00 | 0.000 0.00 20
371193 | MMAS_HCF | 371193 | 0.000 | 371193.00 | 0.000 0.00 20
1000-8 SMMAS 351994 | 0.000 | 351970.90 | 0.007 32.74 13
351994 | MMAS HCF | 351994 | 0.000 | 351894.40 | 0.028 38.73 2
1000-9 SMMAS 349337 | 0.000 | 349308.10 | 0.008 | 111.26 18
349337 | MMAS _HCF | 349337 | 0.000 | 349266.45 | 0.020 30.41 3
1000-10 SMMAS 351415 | 0.000 | 351415.00 | 0.000 0.00 20
351415 | MMAS_HCF | 351415 | 0.000 | 351308.25 | 0.030 | 135.49 10

Bo dir liéu 16n (n=2500): Trong bo dix liéu 16n ndy cho thay hiéu cua cua
SMMAS khi két hop véi tim kiém cuc bd so véi MMAS_HCF két hop vai tim kiém
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cuc bo. 7/10 test SMMAS cho két qua tét nhat tbt hon MMAS_HCF, 9/10 test
SMMAS cho két qua trung binh tt hon MMAS_HCF. (Bang 3.7)

Bang 3.7: So sanh SMMAS véi MMAS_HCF véi b$ dit ligu n=2500
(c6 sir dung tim kiém cuc bg)

thoi gian chay 1000 gidy | best %Dbest avg-best %avg std suc(/20)
1) (2) ®3) (4) (5) (6) ()
2500-1 SMMAS 1515944 | 0.000 | 1515788.65 | 0.010 144.49 6
1515944 | MMAS_HCF | 1515913 | 0.002 | 1515570.65 | 0.025 197.86 0
2500-2 SMMAS 1471083 | 0.021 | 1470622.45 | 0.052 | 314.13 0
1471392 | MMAS_HCF | 1470885 | 0.034 | 1470497.55 | 0.061 217.29 0
2500-3 SMMAS 1414192 | 0.000 | 1413688.40 | 0.036 | 348.38 4
1414192 | MMAS_HCF | 1414075 | 0.008 | 1413602.70 | 0.042 296.41 0
2500-4 SMMAS 1507701 | 0.000 | 1507700.20 | 0.000 2.462 18
1507701 | MMAS HCF | 1507701 | 0.000 | 1507701.00 | 0.000 0.00 20
2500-5 SMMAS 1491816 | 0.000 | 1491768.40 | 0.003 74.76 4
1491816 | MMAS HCF | 1491816 | 0.000 | 1491752.10 | 0.004 88.24 2
2500-6 SMMAS 1469162 | 0.000 | 1468847.45 | 0.021 | 264.49 3
1469162 | MMAS HCF | 1469022 | 0.010 | 1468567.25 | 0.040 | 325.92 0
2500-7 SMMAS 1479040 | 0.000 | 1478567.90 | 0.032 | 409.96 2
1479040 | MMAS_HCF | 1478730 | 0.021 | 1478369.50 | 0.045 | 333.38 0
2500-8 SMMAS 1484199 | 0.000 | 1483821.50 | 0.025 | 249.66 3
1484199 | MMAS HCF | 1484199 | 0.000 | 1483760.40 | 0.030 | 261.98 3
2500-9 SMMAS 1482413 | 0.000 | 1482346.90 | 0.004 61.80 1
1482413 | MMAS_HCF | 1482399 | 0.001 | 1482297.10 | 0.008 108.49 0
2500-10 SMMAS 1483178 | 0.012 | 1482629.90 | 0.049 | 336.41 0
1483355 | MMAS_HCF | 1482861 | 0.033 | 1482309.85 | 0.070 | 281.61 0
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Két luan: Khi khdng st dung tim kiém cuc bo véi bo dix liéu nho (n=200), SMMAS
chua t6t hon nhiéu so véi MMAS_HCF. Nhung vé6i bo dit liéu trung binh (n=500)
SMMAS tt hon han MMAS_HCF. Tuong ty nhu vay, khi 4p dung tim kiém cuc b,
SMMAS chua t6t hon nhiéu so v6i MMAS_HCF trén bo dir liéu trung binh (n=500,
n=1000), nhung v&i bd dit liéu 16n (n=2500), SMMAS tét hon han MMAS_HCF. Nhu
vay, khi giai bai toan khong co6 thong tin heuristic va cé (hoac khéng) s dung tim
kiém cuc bo thi SMMAS van t6t hon MMAS.

3.7. Két luan chwong

Dua trén phan tich tinh bién thién caa vét mui, luan an dé xuat cac quy tac cap
nhat mui méi: SMMAS, MLAS va 3-LAS. Céc thuat toan nay sé bat bién di vai phép
bién ddi don diéu ham muc tiéu. Thuc nghiém & bai toan TSP cho thay ba quy tic nay
t6t nhu nhau va tét hon quy tic MMAS théng dung nhat hién hanh. Tuy nhién, trong
cac thudt toan nay, SMMAS don gian va dé sir dung hon nhiéu. Vi vy khi &p dung cho
cac bai toan mai thi nén ding SMMAS nay, ddc biét véi cac bai toan lon doi héi nhiéu
thoi gian thi nghiém dé xdc dinh cac tham so.

Thuat toan MLAS cho phép diéu tiét linh hoat kha ning kham pha va ting
cudng caa thuat toan theo ting thoi diém nhung khé ap dung hon mac du thyc nghiém

cho két qua ht:a hen.

Thuat toan 3-LAS thich hop véi cac bai toan c6 thdng tin heuristic tét, khi s
dung chdng anh huéng nhiéu téi chat luong cua két qua tim kiém, chang han nhu bai
toan TSP.

Trong cac chuong sau, cac bai toan Tin-Sinh hoc doi hoi thoi gian chay lon va

thong tin heuristic khdng manh nén luan &n chi sir dung quy taic SMMAS.
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Chwong 4. THUAT TOAN ACOHAP GIAI BAI TOAN SUY
DIEN HAPLOTYPE

Suy dién haplotype gilp ta hiéu duoc ciu tric di truyén caa quan thé dya trén
dir lieu kiéu gen (genotype) cua céc t6 chuc ludng boi. Theo tiéu chuin tim tap
haplotype nho nhét (pure parsimony), bai toan suy dién haplotype tré thanh bai toan toi
wu t6 hop thudc 16p NP-kho. Chuong nay, luin &n dé xuat mot thuat toan hiéu qua c6
tén 124 ACOHAP [24] giai bai toan suy dién haplotype theo tiéu chuan pure parsimony.
Thuc nghiém trén dir liéu chuan va dit liéu thuce cho thay wu diém noi troi cua né so voi
cac phuong phap tot nhat hién thoi.

4.1. Bai toan suy dién haplotype va tiéu chuan pure parsimony

Trong cac to chire ludng boi, hau hét cac nhiém sic thé co hai “ban sao” khong
gidng nhau. Mot haplotype 1a mot ban sao caa mot genotype trong mét t6 chirc ludng
boi, mang cac thdng tin cho phép nghién ciru cac triéu chirng va tac nhan gay bénh di
truyén. Tuy nhién, do cac han ché vé cong ngh¢, ngudi ta khdng thé thu thap dugc cac
haplotype nho thyc nghiém, ma chi thu thap duoc cac genotype duoc két hop tir cac
cap haplotype.

Bai toan suy dién haplotype la tir mot tip n genotype co do dai m, xac dinh tap
haplotype sao cho cac cip két hop tir chiing tao nén duoc tap genotype dang xét. Hién
nay, bai toan suy dién haplotpe 1a thach thirc quan trong trong nghién ciru di truyén caa
cac sinh vat ludng boi noi chung va con ngudi ndi riéng [32-35]. Trudc khi phat biéu
bai toan suy dién haplotype (Haplotype Inference - HI), ta can dén khai niém giai thich
genotype.

4.1.1. Giai thich genotype

Trong biéu dién dang toan hoc cua bai toan suy dién haplotype, mdi genotype
duoc bidu diéu bang mot xau do dai m cac ky tu thudc tap {0, 1, 2}. Cac ky ty 0 va 1
thé hién allene cua genotype & vj tri twong tng 1a déng hop tir, ky tu 0 biéu thi allen

dang ty nhién (wild type) va ky tu 1 biéu thi allen dang bién di (mutant), con Ky tu 2
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biéu thi cap allen & vj tri twong @ng 1a di hop tir. Mdi haplotype l1a mot xau do dai
m cac ky tu thuoc tap {0,1}. Tai vi tri di hop tir, genotype dwgc két hop tir hai

haplotype ma & vi tri ndy mét c6 dang tu nhién va mot c6 dang bién di.

Véi mot genotype, ta can tim mot cap khéng thir tu caa haplotype c6 thé giai
thich theo dinh nghia sau:
Pinh nghia 4.1. (Giai thich genotype)

Cho mot genotype g, ta ndi rang cap haplotype khdng tha ty < h%, h? > giai
thich g (hay g duoc giai thich bai < h¢, h? >) va ky hiéu la < h%, h? > g néu ching

théa man diéu kién sau véi moi vitrii = 1,2, ..., m:

g; = 0thi ¢ = h? =0, (4.1)
gi = 1thi k¢ = h? =1, (4.2)
gi; = 2thi (h¢ = 0Ah? = 1) hoic (h¢ = 1 ARP = 0) (4.3)

Biéu thuc (4.1) va (4.2) nghia 1a ca hai haplotype phai c6 clng gi4 tri tai tat cac
vi tri d6ng hop tir, con diéu Kién (4.3) c6 nghia 1a tai cac vi tri di hop tir gié tri cua hai
haplotype 1a khac nhau. Véi mot genotype, ky tu trén cip haplotype & vi tri cac dong
hop tir hoan toan xac dinh, con ky tu & vi tri di hop tir c6 hai kha ning nhan gia tri. Néu
trong genotype ¢6 [ vi tri la di hop ti thi s& ¢d 2!~ cap khong tha ty haplotype giai

thich no.

Vi du, Véi g = 2021, c6 2 cap haplotype giai thich g la < 0001,1011 > va <
0011,1001 >

V&i mot danh sach n genotype, G = (g%, ..., g™) c6 do dai m da cho, trong d6
g° =93 -,95) va gf €{0,1,2} v6i moi s < n va i < m, ta dinh nghia cac

haplotype giai thich né nhu sau.
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Pinh nghia 4.2. (Giai thich tap genotype)

Cho mot danh sach n genotype G = (g2, ..., g") c6 d6 dai m. Ta ndi mot danh
sach 2n haplotype H = (h'¢, h'?, h?%, h2P, .. k™ h™P) |a mét giai thich HI cua G néu

g° duoc giai thich bai cap haplotype < h%%, hS? > véi moi s < n.

4.2.2. Suy dién haplotype theo tiéu chuin pure parsimony

Nhu vay, véi mot danh sach n genotype, G = (g2, ..., g™) c6 do dai m da cho
bai toan HI la tim danh sach 2n haplotype H = (h'%, h'?, h24, K%, ., k™4 h"P) giai
thich hop ly cac genotype nay.

Hién nay c6 hai cach tiép can chinh cho bai toan nay 1a: Phuong phéap t6 hop va
phuong phép thdng ké (xem [33-35,58]). Loi giai cho bai toan tly thudc vao md hinh
di truyén 14 tiéu chuan cho xac dinh tap haplotype. Theo phuong phéap to hop, tiéu
chuan pure parsimony nham tim tap haplotype nhé nhat, giai thich G do Gusfield [34,
35] dé xuét theo goi y ciia Hubbel (xem [34]) dang duoc nhicu ngudi st dung. Loi giai
cho bai toan suy dién haplotype theo tiéu chuan pure parsimony (Haplotype Inference

by Pure Parsimony - HIPP) duoc phét biéu nhu sau.
Pinh nghia 4.3. (Loi giai theo tiéu chuan pure parsimony)

Néu danh sach H 1a mot loi giai HI cia G ¢6 sb luong haplotype khac nhau cua
H (nhu 1a tap hop) it nhat, ta ndi no 1a 1oi giai cua bai toan HI theo tiéu chuan pure
parsimony (viét tat 1a HIPP) hay H suy dién tir G.
Vi du: Véi danh sach gom 3 genotype G=(121, 002, 221) thi H=(101, 111, 000, 001,
011, 101) la mot loi giai gdom 5 haplotype khac nhau. Tuy nhién, 16i giai H=(101, 111,
000, 001,001, 111) gém 4 haplotype khac nhau mai 1a 1i giai tbi uu.

Bai toan HIPP thudc loai NP-kho [33,34] va di c6 nhiéu thuat toan bao gom

heuristic tham an, giai dung va xap xi theo hudéng nay duoc céng bé (xem [7,11,32-
35,43,46,48,58,68,69]). Trong sd cac thuat toan nay, Benedettini va céc cong su [7] da

83



thir nghiém mét thuat toan ACO hai murc nhung hiéu qua khéng cao khi so véi RPoly
[32]. Trong cac chuong trinh hién hanh giai HIPP [32], RPoly la phuong phap giai
dung tot nhat, con CollHap [68] 1a phuong phap giai gan ding tét nhat hién nay. Thuat
todn ACOHAP ma luan an dé xuat duoc trinh bay dudi diy s& dugc so sanh véi cac
chuong trinh nay.

4.2. Thuat toAan ACOHAP

Trong céc thuat toan ACO truyén théng, kién xay dung 10i giai theo thu tuc
budc ngiu nhién trén dudng di lién tuc. O thuat toan nay d6 thi cau trc 1a do thi con
cua cay nhi phan c6 do sdu m. Chung duoc xac dinh dong theo mdi con kién & ting
budc lap. M&i mirc cua d6 thi biéu thi cho mot vi tri trén haplotype ma kién xay dung

l6i giai.
4.2.1. M0 ta thuat toan

Khéng giam tinh tdng quat, ta gia thiét cac genotype trong G déu khac nhau.
Véi s6 vong lap N, hoic thoi gian chay xac dinh trude, thuat toan ACOHAP dugc md
ta nhu trong hinh 4.1.

Procedure ACOHAP;
Dir liéu vao: n genotype
Két qua ra: n cap haplotype suy dién n genotype va sb luong haplotype khac nhau
Begin
Khai tao tap A gom N, kién, ma tran mui, cac tham s6 p,a, 8,7
while (chua két thiic) do
for eacha e A do
Kién a xay dyng 10i giai HI; {gém 2n duong di tir gbc dén 14 trén @6 thi ciu trac;}
end-for
Str dung tim kién cuc b cai tién loi giai;
Cap nhat mui;
Cap nhat 10i giai tét nhat;
end-while
Dua ra loi giai tdt nhét;
End;

min ? Tmax

Hinh 4.1: Thuat toan ACOHAP
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4.2.2. Po thi cau truc

V& hinh thire, dd thi cau tric 1a cdy nhi phan day da c6 d6 sdu m. Tuy nhién, dé
tranh bung né t6 hop khi m 16n, dbi véi mdi kién & mdi budc ta chi hién thi mot cay
con T caa cdy nhi phan day du, duoc trich tir qua trinh xay dung 15i giai cia n6 véi nit
g6c & muc 0 va cac nat 14 & mac m. Cac cay nay biéu thi khac nhau (mét cach dong)
phu hop véi quéa trinh xay dung 10i giai caa mdi con kién trong mdi lan lip va co cac

dac diém sau.

- MOi nit trong X & muac i ¢ hai nGt con tai mac i + 1. Nhanh tir X sang con bén
trai ¢ nhén 1a 0 (goi 1a nhanh 0). Tuong tu, nhanh tir X sang con bén phai c6 nhan
la 1 (goi la nhanh 1).

- Nhan cta nhanh trén dudng di tir nGt gdc dén ndt X tao thanh nhan cua nat X.
Nhan ciia nit X tai mac i 1a i ky tu dau tién cua haplotype (nhan cua ndt 14 sé& 1a
mot haplotype do dai m)

- MJdi nit ¢6 mot danh sach két hop chi cac haplotype duoc xdy dung nho dudng di
dén nut nay. Nhu vay nat goc ludn cé danh sach két hop 1a h¢, h?, h$, h2,.., hE, hE,
cac nut trén dudng di tir géc dén 14 c6 danh sach tuong tng giam dan.

- MJdi duong di tir gbe dén 14 xac dinh haplotype c6 trong danh sach twong Gng & nut

|4 va nhan cua nat xac dinh ndi dung cua haplotype.

Nhu vay, dd thi T nay c6 nhiéu nhat 2n ndt 14 biéu thi cac haplotype can tim
cht khodng phai cd 2™ nit nhu cay nhi phan day du. D6 thi nay khong xac dinh ngay tir
dau ma duoc hién thi dan theo qué trinh xay dung 15i giai duoc n6i rd hon ¢ phan dudi.

Hinh 4.2 md ta cay do sau bang 3 gilp xay dung cap haplotype < h%, h? > giai
thich genotype g =(201). Kién s& xay dung hanh trinh xuat phat tir nit goc dén nat 14
dé xac dinh haplotype h® cho genotype g. Hai haplotype h%=(001) va h’=(101)
(duong dam trong hinh 4.2) 1a cap haplotype giai thich g=(201). B thi T chi gom cac
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nit va canh cua cdy nhi phan nam trén dudng in dam. Cac nat con lai 1a cac nit ao,
ching thudc cay nhi phan ddy da nhung khong dwa vao T dé tranh bang né té hop khi
m 1én.

Thu tuc xay dung loi giai caa mdi con kién dudi day s& gilp hiéu ré hon tinh
mém déo cua db thi cau trdc va cach xay dung.

--muc 0

- mut 1

. muc3

Hinh 4.2: P thi cau tric (phan thude dwong dam) xac dinh giai thich genotype 201
4.2.3. Thii tuc xay dung loi giai cia mdi con kién

Trong phan nay luan an s& trinh bay thuat toan xay dung ddng thoi 2n
haplotype cua mdi kién lan luot theo tirng vi tri dé suy dién ca n genotype cua G. Pé
thuc hién xay dung 1oi giai, mdi nat cua cay s& co mot danh sach haplotype két hop co
y nghia cac haplotype trong danh sach s& nhan gié tri 1a nhan cta nat d6 cho cac vi tri

tir day Ve trudc.

Ban dau, nat gbc duoc khai tao c6 mot danh sach két hop gom 2n haplotype
(h'4, AP, .., A, h™P) r5i thuc hién m lan lap, trong d6 1an lap thir i s& xac dinh gia tri

& Vi tri thir i cho tat ca cac haplotype va tao danh séch két hop cho cac nat & muc i
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(truéc d6 danh sach nay rdng). MAi 1an lap, kién thuc hién lan luot hai bude: budc thi
nhat xir Iy dong hop tir va buée tha hai xir 1y di hop ti.

Buréc thiz nhat: Xt 1y ddng hop tir. Véi cac genotype ¢6 vi tri thir i 1a dong hop
tir thi cAc cap haplotype twong (ng & vi tri thi i s& nhan gia tri bang gia tri vi tri thi i
trén genotype. Cu thé, néu g7 = 0/1 thi A$%, AP nhan gié tri 0/1. Khi d6, A%, hS? dugc

thém vao danh sach ntt con theo nhanh 0/1 twong rng.

Buoc thir hai: X ly di hop tir. V6i cac genotype ¢6 vi tri thir i 1a di hop tir thi
gia tri hai haplotype twong ng & Vi tri thir i s& ¢ gia tri khac nhau. Nhu vay néu xéac
dinh duogc gia tri tha i cua haplotype thir nhat s& tinh duoc gia tri tha i cua haplotype
thir hai. Cu thé, néu g& = 2 thi h$ s& lya chon 0 hoic 1, AP s& bang 1 — h$%. Néu &
danh sach cia nit mac (i — 1) chira h°® thi kién lya chon ngiu nhién h$® theo xac
suat nhu sau:

GIEUENY
(Tio)a(ﬂio)ﬂ+(Ti1)a(ni1)ﬁ

Pi(v) = (4.4)

trong d6 a va B 1a hai tham s dwong cho trudc diéu khién anh huong giira thong tin
vét mui va thong tin heuristic (s& trinh bay cach xac dinh & muc 4.2.4). Gia s hf* =
0 thi hf? = 1, khi d6 h5® duoc thém vao danh sach nit con bén tréi (theo nhanh 0), con
hs? duoc thém vao danh sach ndt con bén phai (theo nhanh 1) cta nit mac (i — 1) ¢

hs? trong danh séach két hop.

Cha y rang, tai mdi vong lip, budc xt Iy dong hop tir luén dugc xir 1y trude
budc di hop tir dé tao théng tin heuristic cho viéc lya chon gié tri & budc xu ly di hop
tir. Viéc tinh thong tin heuristic s& dugc trinh bay trong phan 4.2.4.

Sau khi thuc hién xong m lan lap (ciing 13 xay dung xong m vi tri cho tat ca cac

haplotype), s6 lugng ndt 14 (ndt & mic m) ¢ danh sach két hop khéac réng chinh 1a sb
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luong haplotype khac nhau can dung dé suy dién n genotype. Thu tuc xay dung 10i giai

duoc mé ta trong hinh 4.3.

Procedure Xay dung loi giai;
Dir li¢u vao: n genotype
Két qua ra: n cap haplotype suy di&n n genotype va sb luong haplotype khéc nhau
Begin
Khai tao danh séch két hop & nat goc (k% h'?,.., h™®, h"™?)
for i=1 to m do
{Buéc xir Iy dong hop tu}
for s=1ton do
if (gi = 0)or(g; = 1) then
RS = h® = g,
thém h$%, kP vao danh sach két hop & mirc i tuong ing;
end-if
end-for

{Budc xur ly di hop ta}
for s=1ton do
if (gi = 2) then
Xac dinh k7 theo cong thic 4.4;
hi? =1 - R
thém h%, kP vao danh sach két hop & muc i twong ung;
end-if
end-for
end-for
End;

Hinh 4.3: Tha tuc tim 1&i giai cia méi con kién

Vi du minh hea

Xét bai toan HIPP vai G gdm 3 genotype: g'=121, g?=002, g3=221. Loi giai
ctiia mot con kién dugc minh hoa trong hinh 4.4 véi cac haplotype la:

h?* = 000, h?? = h3* = 001, h** = 101, h'? = B3P = 111.
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P thi cau trac dong gém cac nat va canh thuéc duong in dam. Nhu vay,
H = {000,001,101,111}

1
ralitra

Hinh 4.4: Lai giai HI caa mét con kién véi g1=121, g?=002, g3=221

4.2.4. Thong tin heuristic

Nhu da noi ¢ trén, cac thong tin heuristic n;, va n;; s& cho phép dinh hudéng
xac dinh gia tri twong wng (0 hoac 1) cta h{* ¢ cac vi tri di hop tu i cia genotype g°.
S6 luong nat 1a (nat & miac m) c6 danh sach két hop khéac rdng chinh 1a sé luong
haplotype khéc nhau can dung dé suy dién n genotype. Vi viy, y tuong chinh dé xac
dinh thong tin heuristic cho niit dang xét 1a wéc lwong sé nat c6 danh sach két hop khac
rdng & mic m s& twong thich voi haplotype dang xét. Bé xac dinh céc thdng tin nay, ta

can dinh nghia vé tinh tuong thich [7] cta c4c haplotype va genotype cung do dai.
Pinh nghia 4.4. (Tinh tuong thich)
i) Ta noi haplotype h tuong thich véi genotype g néu véi moi vi tri i ma g;=0 hoic
g;=1thidéucé h; = g;, khid6 ky hiéu h - g.
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ii) Hai genotype g° va g¢ duoc goi 1a twong thich véi nhau néu ton tai h sao cho
h g° va h > gt, hon nita, ky hiéu h—{g*,g%..,9™} néu h — g° voi moi s =
1,2,..,n.

Nho dinh nghia nay, véi mdi tap G gom n genotype do dai m, ta xac dinh ma
tran quan hé tuong thich C(G) = (cg,), trong d6 c;; = 1 néu g° tuong thich véi g va

cs = 0 néu g° khong twong thich véi g*.

Nhan xét sau 1a co s& dé ta xac dinh thong tin heuristic khi kién xay dung loi
giai.

Cho hai genotype tuong thich g%, g* va h® la haplotype giai thich cho genotype
g°, ht 1a haplotype giai thich cho genotype gt, h® va ht dang trong cung danh sach két
hop ciia mot nat. Khi d6 hs va ht ¢ thé cung danh sach két hop ¢ nut 1a (c6 nghia 1a
h® va ht c6 thé gidng nhau).

Goi ¢§* 1a s6 luong haplotype twong thich vi h*® dang nam trong danh sach
két hop & con bén trai, con ¢ 1a sé luong haplotype tuong thich véi h°® niam trong
danh sé&ch két hop & con bén phai. Tuong tu, goi c3? 1a sé lwong haplotype twong thich
v6i hs? nam trong danh sach két hop ¢ con bén trai con c5? 1a sb luong haplotype
tuong thich véi hS? nam trong danh sach két hop ¢ con bén phai.

Quan hé giira cac cip dai luong (c§%, c$P) va (¢, c§P) cho ta thong tin dinh
huéng chon gia tri 0 hoac 1 doi véi hf%. Goi wi va wi tuong ting la so gid tri bang 0
cua cap (c&,c?) va (c&, cf). Nhu vay, wi va wi nhan céc gia tri trong tap {0,1,2}. Khi

do n;, van;, duoc xac dinh theo 3 kha niang nhu sau:

1) Néu w§ = w$ thi Mo=(d+c?+1)xmn,=(f+cl+1)xm (45)

2) Néu w§ > w$ thinf, = i’"ﬁ‘"; nsy = 1.0 (4.6)
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3) Néu w§ < wj thinf, = 2% s, = 1.0 (4.7)

B Tmin’
D& dang kiém tra dugc do phuc tap tinh toan dé xac dinh C(G) va st dung

thong tin heuristic déu 1a 0 (mn?).

Cha y. Thuat toan heuristics PTG cua Li dé& xuat [48] ciing dua trén cdy nhi phan va
cling c6 d6 phuc tap 12 O(n?m) nhung danh gia thong tin heuristic khong tét bang
phuong phap dugc dé xuat trong luan an. Thuc nghiém trong luan an cho thay 1oi giai
cua mot kién xay dung theo cach md ta trén cho két qua tt hon 16i giai cua PTG tim

duoc.

4.2.5. Cap nhat vét mui

Tuong tu nhu thong tin heuristic, ta chi quan tam ti vét mui & cac vi tri di hop
tir cia genotype, tac l1a cac vi tri caa genotype g° c6 g§ = 2. Céac vét mui dugc khoi
ta0 75y = T{; = Tpax cho truéc. Sau mdi vong lap, kién cap nhat mui theo quy tic
SMMAS. Kién trao d6i thong tin véi nhau dé xac dinh 15i giai xap xi tot nhat caa bai
toan HIPP trong vong lap (c6 s6 haplotype cuc tiéu). Dya vao bo
haplotype h'¢, h'?,.., A", h"P cia 16i giai ndy, ma tran vét mii 7§, dugc cap nhat theo
cong thuc (4.8):

PTimin N€U h{* # v

PTmax NEU 7% = v (4.8)

7}y« (L= p)ri, + A, Vi Az, = |

4.2.6. Hoan vi thw tw xir ly cac vi tri trong b genotype

Trong thii tuc xay dung 1oi giai cua kién & trén, viéc xua ly tuan ty theo thir ty
tang dan cua genotype va vi tri cia gen tao nén sy phu thudc co dinh huéng vao cac
thir tw nay. Thuc ra, thi vai trd cia mdi genotype va cac vi tri 1a binh ding va co thé
chon tha tu xir Iy tuy y dé dam bao tinh ngau nhién. Vi vay, &6 mdi lan xay dung 1oi
giai cua mdi kién, ta hoan vi ngau nhién cac cot va cac hang cia ma tran G dé xay
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dung 1oi giai, sau d6 khoi phuc lai theo hoén vi da xét. Bidu nay gidp cho ta phan nao
khic phuc duoc téi vu cuc bo. Cong viéc ndy dé& dang thuc hién duoc ma khéng l1am

tang d6 phirc tap tinh toan, nhung cai thién dang ké chat lugng thuat toén.

Cha y. Nhac lai rang so véi céac thuat toan ACO truyén théng [31], kién xay dung loi
giai ¢ day khong di theo duong di lién tuc. Cac théng tin heuristic va hoc ting cuong
(vét mui luu trit riéng chir khdng gan lién véi canh hoac dinh). Ngoai ra, thay vi xét do
thi cau tric cay nhi phan day du, ta xét do thi con dong caa né ddi véi mdi kién ¢ ting

budc lap.

4.2.7. Sir dung tim kiém cuc bd

Dé tang hiéu qua thuat toan, trong mdi lan Iap luan &n st dung thuat toan tim
kiém cuc bo cho 1o giai tim dwoc theo chién lugc cai tién tér hon trong 1an can khoang
cach 1-Hamming do Gaspero va Roli dé xuat trong [19]. Po phuc tap khi &p dung k¥

thuat tim kiém cuc bo nay 1a 0 (n?m).

Cach ap dung tim kiém cuc bo nhu sau: chon k (k < s6 kién) loi giai tot nhat tim
duoc trong mdi lan lap dé cai tién bang tim kiém cuc b, rdi chon 1i giai tot nhat trong

k 15i giai d6 dé cap nhat mui.
4.2.8. P phurc tap thuat toan

Thuat toan ACOHAP thyc hién N, vong lap, mdi vong lap cd N, kién tim 10i
giai. Do phuc tap cua thu tuc xay dung mot loi giai 1a 0(n?*m), con do phuc tap cua
thii tuc cuc bo dé cai tién mot 1oi giai 14 0(n?m). Nhu vay, thuat toan st dung tim
kiém cuc bd cho k (k < N,) 1oi giai tot nhat trong N, kién tham gia xay dung trong
mét 1an lap mat: (N, X n®m + k x n?m). Do d6, thuit toan c6 do phuc tap 1a: O(N,. x

N, X n?’m).
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4.3. Két qua thuc nghiém

Luan &n tién hanh thuc nghiém trén hai loai bo dit liéu: bo dit liéu chuan va dit
liéu thue dé so sanh véi phuong phap RPoly [32] va phuong phap CollHap [68]. Bo dit
licu chuan gdom cac tap SU1, SU2, SU3, SU-100kb dugc lay tir dia chi [79]. Con bo bo
dir liéu thuc 12 nhidm sic thé 20 cua ngudi da tring chau Au tai Utah [58].

Bang 4.1: Thiét dat tham s6 cho ACOHAP

Tham so Giatri | Mota
N, 30 S6 kién
Tomax 1.0 Can trén caa vét mui
Tmin max | can dudi coa vt mii
2mn
a 1 Tham s6 diéu khién anh huong cua vét mui
B 1 Tham s6 diéu khién anh huong cua théng tin heuristic
) 0.5 Tham s6 bay hoi
k N, S6 loi giai dugc ap dung tim kiém cuc bo trong moi vong lap

Tat ca cac chuong trinh déu duoc chay trén cing mot may trong khoang thoi
gian 1000 gidy. Tham sb thiét dit cho ACOHAP nhu trong bang 4.1. Phuong phap
RPoly 1a phwong phéap chinh xac t6t nhat hién nay, phuong phap nay cho két qua tdi
uu, nhung doi hoi thoi gian tinh toan Ion va chi phu hgp véi bo dit liéu nho hoac don
gian (mdi quan hé giira cac genotype it). Con phuong phap CollHap 1a phuong phap
Xap Xi tot nhat hién nay. Phuong phap heuristic PTG [48] nhanh, tuy nhién két qua
khong tot bang cac phuong phap khac. Luan an khong so séanh véi ACO_HI [7], vi két

qua ctiia phuong phéap nay rat han ché va chwong trinh hién khdng chay duoc.
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4.3.1. Thuc nghiém trén b dir ligu chuan

Bo dir liéu chuan gém cac tap SU1, SU2, SU3, SU-100kb duoc lay tir dia chi

[79] da dwoc Marchini [52] dung dé lam dit liéu chuan, so sanh véi cac phuong phap

kh&c. Sau day 1a bang tom tat thdng tin vé cac bo dir liéu nay.

Bang 4.2: Bang tom tit thong tin vé cac b dir liéu chuin

Dit liéu chuan S6 lugng test S6 lugng genotype Do dai genotype
SU-100kb 29 90 18
SU1 100 90 179
SU?2 100 90 171
SU3 100 90 187

Vi bo dir liéu chuan, luan an khong so sanh véi PTG va RPoly, vi giao dién

cia PTG khéng thuan loi dé chay nhiéu bo dit liéu, con RPoly chi phu hop véi dit liéu

c6 kich thudc nho hoac dir liéu don gian. Luan &n cho chuong trinh ACOHAP va

CollHap chay trén cung mot may trong khoang thoi gian 1000 gidy vai tieng dir liu.

Bang 4.3: Két qua thuc nghiém so satnh ACOHAP véi CollHap véi dir liéu chuan

B3 dit liw S6 luong test S6 lugng test Sb luong test
i i ACOHAP tot hon CollHap | ACOHAP bang CollHap | ACOHAP kém hon CollHap
SU-100kb 7% 86% 7%
SU1 76% 24% 0%
SU2 40% 55% 5%
SU3 66% 34% 0%

Két qua thuc nghiém cho thay, vai bo dir liéu nhé SU-100kb, ACOHAP t6t nhu
CollHap. Con véi cac bo dix lidu 16n SU1L, SU2 va SU3, ACOHAP noi troi hon han

CollHap.
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4.3.2. Thir nghiém trén dir liéu thuc

Trong muc nay, luan an thuc nghiém trén bo dir liéu thuc cho ca 4 phuong phap.
Dit liéu haplotype duogc thu thap tir HapMap giai doan 11, nhidm sic thé 20 caa nguoi
da trang chau Au tai Utah (Caucasian European in Utah - CEU). Théng tin vé c4c bo

dir liéu thuc trong bang 4.4.

Bang 4.4: Thong tin dir liéu thuc

Data set #Test #genotype Do dai genotype
CEU-100 3 88 100
CEU-200 3 88 200
CEU-400 3 88 400
CEU-800 3 88 800

CEU-1600 1 88 1600

Két qua thuc nghiém trong bang 4.5 cho thay, PTG hiéu qua kém nhat trong s6
4 phuong phap. ACOHAP tét hon CollHap trong 8/13 test, con tét nhu CollHap 5/13

test.

RPoly ¢6 thé tim duoc téi wu trong 10/13 test. Trong 10 test chi c6 2 test
ACOHAP tim duoc két qua gan tbi wu (chi léch 1 dén 2 haplotype so vai két qua téi
wu). Con 3/13 test RPoly khdng chay dugc, ACOHAP chay dugc va cho két qua tot
hon CollHap va PTG. Nhu vay, phuong phap ACOHAP la phuong phap xap Xi, nhung
cling da tim duogc két qua tdi uu trong rat nhiéu truong hop. So vai CollHap, PTG thi
ACOHAP hiéu qua néi troi hon han.
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Bang 4.5: Két qua thwc nghiém véi dix liéu thuc

Dir ligu thyc RPoly ACOHAP CollHap PTG
Al(n = 16;m = 100) 12 12 12 12
A2(n =83;m = 100) - 80 81 88
A3(n =88;m = 100) - 135 139 169
Bl(n = 66; m = 200) 38 38 39 57
B2(n = 88; m = 200) 120 122 125 161
B3(n = 88;m = 200) 140 141 145 169
C1l(n = 86; m = 400) - 85 87 88
C2(n = 88; m = 400) 143 143 146 172
C3(n = 88;m = 400) 170 170 170 175
D1(n = 88;m = 800) 176 176 176 176
D2(n = 88;m = 800) 162 162 164 175
D3(n = 88;m = 800) 175 175 175 175
E(n =88;m = 1600) 176 176 176 176

Ghi cha: Cot dit liéu thyc 1a thong tin vé test (s6 luong genotype khac nhau va do dai
genotype), cot RPoly, ACOHAP, CollHap va PTG tuong ung la két qua s6 luong
haplotype tim duoc ciia cic phuong phap RPoly, ACOHAP, CollHap va PTG. Két qua

t6t nhat trong cac phuong phap dugc to dam.

4.4. Két luan chwong

Trén day luan an da dé xuat mot thuat toan ACO cho bai toan HIPP véi db thi
dd thi cau trdc 12 mot cay nhi phan dong cho phép 1am viéc voi cac bai toan c6 do dai
genotype 16n, thdng tin heuristic hop Iy va quy tac cap nhat mui dé si dung. Thu tuc
xay dung 10i giai va cap nhat théng tin mui khong gan trén do thi ciu tric nhu cac
thuat ACO thong dung [31]. Két qua thuc nghiém so sanh véi cac phuong phap RPoly
(phwong phap dung tét nhat hién nay) va CollHap (phuong phap xap xi tot nhat hién

nay) cho thay hiéu qua cua thuat toan dé xuat trén dit liéu chuan va dix liéu thyc.

Tuy nhién, viéc &p dung tim kiém cuc bo con rap khudn theo [19], chua c6 cai
tién thich hop. Trong thoi gian tdi c6 thé nghién ciu cai tién ki thuat tim kiém cuc bo

dé tang hiéu qua thuat toan.
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Chuwong 5. THUAT TOAN AcoSeeD TIM TAP HAT GIONG CO
CACH TOI UU

Tim kiém céc doan twong ty trong cac chudi sinh hoc 1a mét trong nhitng cong
viéc thudng gap va quan trong nhét trong tin sinh hoc. Bé nang cao chat lwgng tim
kiém, hién nay ngudi ta sir dung tap hat gidng c6 cach dé sap hang dia phuong va sau
d6 thac trién ra dé tim cac doan twong déng. Tuy nhién, tim tap hat giong c6 cach toi
ru 13 bai toan thudc 16p NP-kho. Chuong nay, luan an dé xuat mot thuat toan su dung
phuong phap ACO cho bai toan nay c6 tén la AcoSeeD [22]. Thuat todn AcoSeeD co
d6 thi cau trc hop ly, ding quy tac cap nhat mui SMMAS va Ky thuat tim kiém cuc bo
duoc dinh hudng bang mot ham muc tiéu xap xi nhanh thay cho ham muc tiéu chinh
trong phuong phap ACO. Két qua thuc nghiém cho thay AcoSeeD di cai thién dang ké
hiéu qua so véi thuat toan tét nhat hién nay: SpEEDfast [50,51].

5.1. Bai toan tim tap hat gidéng c6 cach toi wu va mét sé van dé lién quan

5.1.1. Bai toan tim tap hat giéng toi wu

Bai toan gidng hang dia phuong dé tim cac doan con twong dong giira hai hay
nhiéu chudi sinh hoc 12 quan trong va thuong gap nhét trong sinh hoc phan tir. Vi
cong nghé giai ma gen ngay cang phét trién nhu hién nay, dit liéu chudi sinh hoc ngay

cang nhiéu nén rat can cac thuat toan tim kiém nhanh, hiéu qua.

Thuat toan dau tién dé tim doan twong dong gitra hai chudi duoc Smith va
Waterman dé xuat 12 mot thuat toan quy hoach dong [62] dé tim 10i giai chinh xéc.
Thuat toan nay c6 nhuoc diém 1a thoi gian chay 16n nén khong dung duoc cho céc
chudi co do dai Ion. Vi vay, ngudi ta phat trién cac thuat toan heuristic tim 101 giai it
chinh xac hon nhung thoi gian chay nhanh hon (xem [13,50,11]), trong d6 chuong
trinh thong dung nhét 1a BLAST [4]. C4c phuong phép nay dya trén y tuéng hop va
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mé réng, trong d6 viéc so khép gan dang gitra hai chudi sinh hoc thuc hién nho cac

doan c6 do dai cho trude goi hat gidng (seed) dé tim kiém va mé rong ra.

Pé ting chat luong 10i giai, Li va cac cong su (xem [47]) dé xuat dung céc hat
gidng nay khong doi hoi so khdp chinh xéac goi 1a hat giéng c6 cach (spaced seed). Vé
sau ta chi lam viéc véi hat gidng c6 cach nén ta s& goi gon Ia hat gidng. DBén nay, co
nhiéu thuat toan dugc dé xuat theo céch tiép can nay (xem [13,17,41,50,51]). Chat
lwong tim kiém anh huong rat nhiéu tir tap hat giéng duoc st dung trong tim kiém.
Duéi ddy, luan &n phét biéu bai toan tim tap gidng tbi wu theo mé hinh Bec nu_li duoc

dé xuat trong [47] va di dugc nhiéu tac gia sir dung (xem [49-51]).

Viéc so khép dia phuong hai hay nhiéu chudi sinh hoc duoc dua vé xét bai toan
trén mot mién twong dong (homologous region) biéu dién bang xau nhi phan R c6 do
dai N, ky tw 0 & mdi vi tri i cua R biéu thi khong khép (mismatch) con ky tu 1 biéu thi
khép (match). Chudi R s& goi 1a chudi so khép. Ta xét cac hat gidng duoc biéu dién
bai cac ky tu 1 hoic *, ky tu 1 biéu thi khdp con ky tu * biéu thi khdp hoic khong

khép & vi tri tudng (ing cua hat giéng khi d6i sanh voi R.
Pinh nghia 5.1. (Tinh hop ding dugc cua hat giéng)

i.  V&i mién twong dong biéu thi bai chudi so khép R = 1y1,.. 7y da cho, hat gidng
s = 5,5,..5; (I 1a d6 dai hat gidng) duoc goi 1a hop diing dwoc (hit) R néu ton

tai vi tri v cua R sao cho v&i moi i = 1,2, .., 1 ta déu co:

1 néeus; =1
Typio1 = . 5.1
vt {0 hoac1l neéus; =+ 1)

S6 lwong ky tu 1 trong hat giéng s goi 1 trong sé caa no.

ii. Mot tap hat gidng S gdm k hat giéng c6 cung trong sé duoc goi 1a hop ding

diroc R néu ton tai mot hat giong hop dung duoc R.
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Vi du: Tap hat giéng {11*1, 1*111} c6 thé hop dang dwoc cac chudi {100110100001,
1000010111001, 1000011111001, 11010010111001}.

Bay gio ta xét chudi so khdp cua hai chudi sinh hoc c6 xac suat khép ¢ mdi vi
tri caa chudi nhu nhau va bang p, tic 1a cac ky tu r; & mdi vi tri i cua chudi R =

7,75..7y déu nhan gia tri 1 voi xac suit p:
P(r,=1)=pVi <N, (5.2)
khi d6 p duogc goi la mirc twong tu (similarity level) cua R.

Bai toan tim t@p giéng téi wu nhu sau: V§i chudi so khép R co muc tuong tu p
da cho, tim mot tap S gom k hat gidng c6 cling trong sé6 w sao cho xac suat ma tap S

hop dung duoc chudi nay 16n nhét.

Cha y rang, céac hat gidng trong tap S néi chung c6 do dai khac nhau nhung c6
cling trong so. X4&c sut dé tap hat giéng S hop dung duoc chudi R goi 1a d6 nhay cua
S. Bai toan tim tap hat giong t6i wu dugc xét trong hai truong hop: do dai cac hat gidng
d3 biét hodc chua biét. Trong ca hai trudng hop, Li va cac cong su [47] di chitng minh
cac bai toan déu thudc 16p NP-kho, dic biét, ngay ca viée tinh do nhay (ham muc tiéu)
ciing thudc 16p NP-kho. Trong [47] cling d& xuat mot thuat toan dé tinh 6 nhay cam

cho tap hat giéng, n6 dugc dung trong SpEEDfast va AcoSeeD.

5.1.2. C4c cach tiép can hién nay

Bai toan tim tap hat giong tdi wu da c6 nhiéu thuat todn giai dugc cong bd.
Trong d6 phai ké dén thuat toan heuristic tham an do Li va cong su dé xuat nim 2004
[47]. Y tuong thuat toan 1a xuat phat tir tap rdng, mdi lan chon mét hat gidng cho vao
tap sao cho tap hat giéng hién tai c6 do nhay 16n nhat, thuc hién cho téi khi chon du k
hat giéng. Thuat toan leo d6i do Sun va Buhler dé xuat nam 2005 [67] thuc hién bang

cach xuat phat tir mot tap hat gidng ngau nhién, Iap lai budc cai tién 10i giai nho tréo
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d6i 2 vi tri trong mot hat giéng cua tap. Tuy nhién, do dic diém cua bai toan Ia thoi
gian tinh d6 nhay cua tap hat giéng 16n [47] nén llie va cac cong su [49] da dé& xuat
thuat toan leo ddi st dung cach tinh ham muc tiéu xap xi nhanh OC (Overlap
Complexity) [49] thay cho tinh do nhay trong mdi budc tinh toan. Nam 2011, Ilie va
cong su cdng b phan mém SpEED [50] va dugc cho 1a phan mém thé hién thuat toan
tim tap hat giéng t6t nhat hién nay. Phién ban m¢i caa phan mém nay la SpEEDfast
dugc cdng b nam 2012 [51]. Thuét toan leo ddi dung trong SpEED va SpEEDfast
duoc mé ta trong hinh 5.1. Nhuoc diém chinh cua thuat toan SpEED (hay SpEEDfast)
la sir dung thuat toan leo d6i don gian va chua tan dung duogc théng tin tir ham muc
tiéu chinh (ham tinh d6 nhay) trong tim kiém. Trong AcoSeeD, st dung két hop hai
ham, ham OC s& dugc dung dé lam ham muyc tiéu khi cai tién 1oi giai bang tim kiém

cuc bo, ham tinh d6 nhay duoc dung dé lya chon 10i giai khi cap nhat mui.

Procedure Thuat toan leo d6i tim tap hat gidng tdi uu;
Dir liéu vao: w, k, p, N, do dai cac hat giéng néu da biét.
Két qua ra: Tap hat giéng va do nhay
Begin
while (chua két thiic) do
S « Loi giai ngau nhién;
Cai tién 1o giai S bang tim kiém cuc b nhd ham muc tiéu OC:;
Tinh d6 nhay cua S va cap nhat 1oi giai tot nhat;
end-while
Pua ra 10i giai tot nhit va do nhay;
End;

Hinh 5.1: Thuit toan leo d6i dung trong SpEED va SpEEDfast
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5.2. Thuat toan AcoSeeD giai bai toan tim tap hat gidng t6i wu
5.2.1. M0 ta thuat toan

Thuat toan AcoSeeD &p dung phuong phap ACO theo luoc d6 ¢6 sir dung tim
kiém cuc bo cho mdi 10i giai tim dwgc & mdi bude 1ap. Vi thuat toan tinh do nhay cam
tén nhiéu thoi gian chay nén nd chi dung dé danh gia chat lwong cac 1oi giai sau khi da
4p dung tim kiém cuc bo, con trong qua trinh tim kiém cuc bd thi ham OC duoc ap

dung dé dinh huéng tim kiém (xem muc 5.2.4).

Thuat todn AcoSeeD giai bai toan tim tap hat gidng tdi wu dugc xét trong hai
truong hop: do dai cac hat gidng da biét hodc chua biét. Khi chua biét d6 dai cia cac
hat gidng, & mdi budc 1ap, mdi kién can thuc hién thuat toan xac dinh ching nhu mé ta
trong muc 5.2.2 trudc khi xay dung 1oi giai trén do thi cau trac duoc trinh bay trong
muc 5.2.3.

Procedure AcoSeeD;
Dir ligu vao: w, k, p, N, d6 dai cac hat giong néu da biét.
Két qua ra: tap hat gidng va do nhay;
Begin
Khai tao tap A gom N, kién, ma tran mai, cac tham s p, Timgx> Tmin
while (chua két thiic) do
fori=1to N, do
Kién thir i xac dinh d¢ dai cac hat gidng; {muc 5.2.2}
Kién thar i xay dung tap hat gidng; {muc 5.2.3}
Cai tién 1oi giai bang tim kién cuc bo nho ham muc tiéu OC;{muc 5.2.4}
Tinh d6 nhay cua tap hat gidng do kién i xay dung;
end-for
Cap nhat mui dya trén 15i giai c6 d6 nhay 16n nhét tim dwoc;{muc 5.2.5}
Cap nhat 1oi giai tot nhat;
end-while
Dua ra 1oi giai tdt nhét;
End;

Hinh 5.2: Thuat toan AcoSeeD
Véi cac tham sé w, k,p, N di cho va s6 vong lap N, hoic thoi gian chay xac
dinh trudc, thuit toan AcoSeeD xac dinh tap hat gidng téi wu cho trudng hop chua biét
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d6 dai duoc mé ta trong hinh 5.2. Trong trudong hop do dai cac hat giéng da xac dinh

thi thu tuc xac dinh d6 dai cac hat giéng duoc bé qua.
5.2.2. Thuét toan xac dinh d$ dai cac hat gidng

Trong truong hop, d6 dai cac hat gidng chwa biét nhung thudc khoang
[Lnins Lmay] 4 cho thi kién phai thuc hién thi tuc xac dinh d6 dai ting hat gidng trong
tap nho do thi cau tric duoc mo ta trong hinh 5.3. Ngoai hai dinh start va end, d6 thi
gom k cot xép tir phai sang trai, mdi cot ¢ Lygy — Ly + 1 nit dugc gan nhan tir L,
dén 1,4, biéu thi cho do dai cua hat giéng co thir tu cua cot tuong tng. Nhu vay, Cac
nat nay dugc xép thanh (L,qx — Lnin + 1) hang va k cot. Ta xép cac hat gidng theo thir
tu ting dan cua d6 dai, khi d6 mot dudng xuat phét tir dinh start, di qua k cot (chi
sang ngang hodc 1én dinh trén & cot tiép theo) va két thic ¢ dinh end s& cho mot

phuong 4n x4c dinh do dai cua tap giong.

Tha tuc kién xac dinh d6 dai cho tap hat gidng thuc hién nhu sau. Tai dinh
start Kién lya chon ngau nhién mot trong cac dinh (1, Lyin), (1, L + 1), -+, (1, Lnax)
VGi Xac suat tuong ung theo cong thuc (5.3) vai i = 1 dé di chuyén. Ta ding ky hiéu
length; dé chi nhan cua dinh tim duoc ¢ budc i va ky hiéu (i,1) 1a nGt & cot i ¢6 nhan
I. Bé cac hat gidng c6 do dai khdng giam, tai budc thir i = 2, ...k, kién s& lya chon
ngau nhién cac dinh & cot tiép theo c¢d nhan bang hoic 16n hon nhin nd da chon & cot
(i — 1) tac 1a thuoc tap dinh {(i, length;_1,.., (i, Lngy)} dé x4c dinh d6 dai cho hat
gidng thir i vai xac suat cho bai cong thic (5.3):

p; (1) = Z—lmf;;’”” (5.3)

h=v CihMih

trong d6 v = {lmin neui=1

., théng tin mui 7;, thé hién hat giéng thu i
length;_;neui > 1 ’

uu tién lya chon d¢ dai [, con thong tin heuristic n; ;, duoc tinh theo cong thuc (5.4).
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Hat gidng 1 Hat gidng 2 Hat giéng k

Hinh 5.3: P thi cau tric dé xac dinh dd dai cac hat giéng

0.5 néu (i > Dva(h = length;_,)
Nin = 41.0 néu (i = 1) hodc ((h > length;_)va(h < L, — (k —10))) (5.4)
0.1 cac truong hop khac

Cong thic (5.4) chi ra rang, thong tin heuristic caa viéc lya chon d6 dai cho hat
gidng thar i bang do dai hat giéng thir (i — 1) c¢6 danh gia thong tin heuristic bang 0.5,
vi do dai cac hat giéng la khéng giam nén thong tin heuristic cho viéc lra chon do dai
hat gidng thtr i 16n hon do dai hat gidng thtr (i — 1) va nho hon 1,4, — (k — i) nén
truong hop ndy duoc danh gia bang 1.0 (k — i hat giéng con lai van c¢6 co hoi chon do
dai khac nhau), cac truong hop khac thong tin heuristic duoc danh gia bang 0.1.
5.2.3. Thuit toan xay dwng cac hat giéng

Db thi cau tric dé xay dung loi giai tim tap gidng duoc md ta trong hinh 5.4.A,
gom k hinh chix nhat kich thuéc w X (Lq, — w). Kién xay dung lan luot k hat giéng
bang cach xuat phat tir dinh start (dinh trai dudi cia hinh chit nhat thir nhat) c6 toa do

(1,0,0), trong d6 chi s thir nhét 1a chi sb tha ty hinh chir nhat, chi sb tha hai la chi sb
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cot trén hinh chir nhat (danh s tir trai qua phai), chi sé tha ba la chi s6 hang trén hinh
chit nhat (d4nh sé tir dudi 18n trén) lan luot di chuyén qua phai hoic 1én trén dén dinh
End c6 toa do (k, w, l,,4,, — w) (dinh phai trén caa hinh chir nhat thi tha k).

Hinh 5.4.B cho thdy ring khi kién ¢ toa do (i, x,y) né chi co thé di chuyén lén
(chon hudng ,) trén hodc sang phai (chon huéng t,). Trong hinh chir nhat tha i kién
s& phai di qua dinh (i, w, length; — w), trong d6 length; 1a d6 dai cua hat giéng thtr i
dd xac dinh trude hodc 1a dugce xac dinh & muc 5.2.2, sau d6 di chuyén dén dinh dau
cta hinh chir nhat tiép theo. Véi @6 thi cau trdc va cach di mé ta nhu trén, khi di
chuyén qua hinh chit nhat thir i thi kién xay dung duoc hat giong tha i c6 d6 dai bang
length; va trong s6 la w. Khi di dén dinh End, kién da xay dung xong dugc mot loi

giai gom k hat gidng c6 trong s6 w.

Vét mii 1, , the hién thong tin hoc tang cudng cho sy uu tién lva chon di theo
huéng v khi kién dang & toa d6 (i, x, y). Khi d6, kién chon hudng di chuyén tiép theo

chi dya trén théng tin nay véi xac suat cho bai cong thic (5.5):

P, () = — X e {1} (5.5)

i i
Txy t Ty

Hinh 5.4.C minh hoa mot dudng di cua kién xay dung mot hat giéng c6 do dai 7

va trong sé 4.
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(2,w,length, —w)

(1 w,length, — w)

Start

(A)
Hinh 5.4: P thi cau tric xay dung céc hat gidng.
Hinh (A) Po thi cdu tric xay dung k hat giéng c6 trong sé6 w. Hinh (B) Hwéng kién di
chuyén tai mdi dinh. (C) Vi du xay dwng mt hat giéng trong so 4 va do dai 7.
5.2.4. Tim kiém cuc b
Sau khi mdi kién xay dung xong 10i giai trong mdi buéc lap. AcoSeeD ding Ky
thuat tim kiém cuc bo dé cai tién 1oi giai. Nhu da néi & trén, do ham tinh do nhay cua
tap hat gidng c6 do phic tap 16n [47], nén trong qué trinh tim kiém cuc bo, thuat toan
AcoSeeD sir dung ky thuat tim kiém cuc bd véi ham muc tiéu OC nhu Ilie da thuc hién

trong [49-51]. Cu thé, tir tap hat giong ma kién xay dung duoc, 1ap lai budc cai tién 10i
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giai nho trao d6i 2 vi tri trong mot hat gidng cua tap, néu ham OC duoc cai thién thi

hat gidng nay duoc thay bang hat gibng mai.
5.2.5. Cap nhat mui

Sau khi tat ca cac kién xay dung xong loi giai va cac 10i giai duoc &p dung ky
thuat tim kiém cuc bo sir dung ham muc tiéu OC thi 16 giai c6 d6 nhay Ion nhét s&
dugc dung dé cap nhat mui cho ca hai giai doan: giai doan xac dinh d6 dai cac hat
gidng va giai doan xay dung cac hat giéng. AcoSeeD sir dung cach cap nhat mui mai
SMMAS, cu thé la:

Giai doan xac dinh d¢ dai cac hat giéng duoc cap nhat moi theo hai can 1., va

Thin (CAN trén va can dudi cua vét mli 7;;) nhu sau:

pTL .. néu length; =1

7, < (1 —p)t;; + Ay trong do A, = { (5.6)

pThin néu length; # 1

Giai doan xay dung c4c hat giéng duoc cap nhat mai theo hai can t2,,, va 72,

(can trén va can dudi cua vét mai 7L ,») Nhu sau:
Tylc,y,v < (1 - p)Talc,y,v + Ari

PT2a0x MU Vi tri thir (x + y + 1) ciia hat giong thiri = v

trong d6 A, = { (5.7)

P2, néu vi tri thir (x + y + 1) ciia hat giong thiri # v
5.3. Két qua thwc nghiém

Hiéu qua ctia AcoSeeD duogc so sanh bang thuc nghiém véi hai phuong phap t6t
nhat hién nay la SpEED [50] va SpEEDfast [51]. Pé khach quan voi SpEED va
SpEEDfast, thuc nghiém so sénh trén céc bo dir liéu da céng bd trong [50,51]. Trong
cac bai bao [50,51] khuyén ring SpEED va SpEEDfast nén chay véi 5000 vong lap,
tuong (g tao ra 5000 loi giai. Do d6, trong AcoSeeD thiét dit s kién N,=50 va s6
vong lap N,=100 dé ciing tao ra 5000 1oi giai. Nhu vay, d6 phuc tap cua AcoSeeD c6
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cung do phuc tap véi SpEED va SpEEDfast. Ngoai hai tham s6 N,, N, thi AcoSeeD

, , 1
thiét dat tham sé khac nhu sau: p = 0.3, 71, = 1.0, 7k, = 21”;“;}{, 72 = 1.0,

2
2 _ Tmax

T . =
min - oxwxwxk

. Viéc lya chon, ti I& mQi can trén va can dudi cia moi giai doan dugc
chon ti 1¢ véi s6 dinh cta db thi cu triic trong giai doan twong &ng.

Vi SpEEDfast [51] chi thuc hién véi cac bo dir liéu 16n nén vai cac bo dir liéu
nhé va trung binh luan an chi so sanh véi két qua cia SpEED [50]. Ngoai hai phuong
phap SpEED va SpEEDfast, luan an ciing dan ra sé liéu vé két qua chay cua hai

phuong phap Mandala, ledera da cong bé trong [50] dé tham khao.
5.3.1. Dir liéu thuc nghiém

Thyuc nghiém thyc hién trén cac bo dir ligu ma SpEED [50] va SpEEDfast [51]

da chay khi duoc cong bb bao gom céc bo:

- B0 nho véi do dai cac hat giéng da duogc xac dinh gém 3 test;

- BO dit liéu trung binh SHRiMP c6 s6 luong hat giéng 1a 4 gom 15 test;

- BO§ dur liéu 16n gém 3 bo: bd PatternHunterIl c6 s6 luong hat giéng la 16
gém 3 test, bd6 BFAST c6 s6 lugng hat giéng 13 10 gdm 3 test va bd
MegaBLAST gom 15 test.

5.3.2. Két qua thuc nghiém trén bd dir liéu nhé véi do dai cac hat giong di xac
dinh

Két qua thuc nghiém trén 3 test caa bo dit liéu nho duge cho ¢ bang 5.1. Cot
k,w,N,p biéu thi théng tin vé tham s6 cua test twong ung. Cot
length,, length,,..,length, biéu thi théng tin do dai cac hat giébng. Cot Optimal
biéu thi d6 nhay téi wu, cot SPpEED va AcoSeeD biéu thi két qua twong ¢ng cua

phuong phap SpEED va AcoSeeD. Két qua trong cac phuong phap in dam la két qua ra
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duoc t6i vu. Két qua cua SpEED la két qua dugc cong b trong [50]. O day khong co
két qua cua SpEEDfast vi trong [51] khong cong bd két qua nay.

Bang 5.1: Két qua thwc nghiém SpEED véi AcoSeeD trén b dix liéu nhé

k |w | N p | length,, length,,.., length, | Optimal| SpEED |AcoSeeD

2 |14 |35 ]0.88 |17,21 0.82991 | 0.82886| 0.82886
3 110 |35 |0.78 |12,14,16 0.81833| 0.81833| 0.81833
4 |6 |3 |06 891011 0.85026| 0.84879| 0.85026

Nhan xét: Két qua thuc nghiém trong bang 5.1 cho thay SpEED ¢6 thé tim duoc t6i uu
1 test trong 3 test, con AcoSeeD c6 thé tim t6i wu 2 test trong 3 test. Piéu nay dugc giai
thich nhu sau, AcoSeeD da két hop duoc ca ham muc tiéu chinh va ham muc tiéu xap
xi OC. Truong hop AcoSeeD khong tim duoc t6i wu 1a vi test qua nho nén loi giai ludn

hoi tu theo ham muc tiéu OC.
5.3.3. Két qua thuc nghiém trén b dix liéu trung binh

Két qua thuc nghiém trén bo di lidu trung binh cho & bang 5.2. Cot w, p biéu thi
thong tin vé bo test SHRIMP ¢ k = 4, N = 50, con céac cot Mandala, ledera, SpEED
tuong tng biéu thi két qua cia phuong phap Mandala, ledera, SpEED. Céc két qua nay
lay trong [50]. O day khong co két qua cua SpEEDfast vi trong [51] khong cong bé két
qua nay. Cot AcoSeeD gom 3 cot nho best, worst, avg tuong tmg biéu thi két qua tét
nhat, xau nhat, trung binh trong 10 1an chay. Két qua t6t nhat trong cac phuong phap

duoc in dam.

Nhan xét: Két qua thyc nghiém trong bang 5.2, cho thay AcoSeeD tét hon Mandala,
ledera va SpEED trong tat ca céc test. Trong thuc nghiém nay, AcoSeeD chi chay 10
lan chay dé lay két qua tét nhat, xau nhat, trung binh. Can nhan manh rang, két qua xau

nhat trong 10 1an chay caa AcoSeeD ciing da tot hon cac thuat toan khac.
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Bang 5.2: So sdnh AcoSeeD véi cac phwong phap khac trén b dir liéu trung binh

AcoSeeD
w p Mandala | ledera | SpEED best Worst avg
0.75 | 90.6608 | 90.6802 | 90.91 | 90.9757 | 90.9104 | 90.9513
10 0.8 | 97.7316 | 97.7586 | 97.834 | 97.8584 | 97.8467 | 97.8521

0.85| 99.7283 | 99.7437 | 99.757 | 99.7624 | 99.7599 | 99.7614

0.75| 83.0512 | 83.2413 | 83.379 | 83.5349 | 83.4207 | 83.4728
11 0.8| 94.7845| 94.935| 94.986 | 95.0636 | 95.0144 | 95.037
0.85| 99.1929 | 99.2189 | 99.243 | 99.2498 | 99.2451 | 99.2478

0.8] 90.258 | 90.3934 | 90.575 | 90.6576 | 90.6147 | 90.6328
12 0.85| 98.0786 | 98.0781 | 98.159 | 98.1786 | 98.1682 | 98.1766
0.9 | 99.8633 | 99.8773 | 99.882 | 99.8866 | 99.8845 | 99.8853

0.85| 84.3838 | 84.5795 | 84.821 | 85.0328 | 84.915 | 84.9829
16 09| 97.3023 | 97.2806 | 97.432 | 97.483 | 97.464 | 97.4712
0.95| 99.9287 | 99.9331 | 99.939 | 99.9429 | 99.9414 | 99.9419

0.85| 72.1954 | 72.1695 | 73.166 | 73.3357 | 73.2432 73.27
18 0.9 ] 93.0855 | 93.0442 | 93.712 | 93.7912 | 93.7597 | 93.7778
0.95| 99.6603 | 99.669 99.75| 99.7617 | 99.7575 | 99.7599

5.3.4. Két qua thwc nghiém trén b dix liéu Ién

Két qua thuc nghiém trén hai bo dit liéu 16n PatternHunterll va BFAST duoc
cho trong bang 5.3, con két qua trén bo dir liéu MegaBFAST duoc cho trong bang 5.4.
Y nghia biéu thi trong céc cot nhu d3 néu & trén. Cac két qua cua SpEED va
SpEEDfast dugc lay trong [51].
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Bang 5.3: Két qua thwc nghiém so sanh AcoSeeD Vvéi cac phwong phap trén bd dir liéu
lon PatternHunterll va BFAST

Mandala

ledera

SpEED

SpEEDfast

AcoSeeD

best

worst

avg

PatternHunterll: k =16

hat gidng, N = 64

11

0.7

92.3811

92.0708

93.2526

93.3406

93.3608

93.3154

93.3576

0.75

98.432

98.3391

98.6882

98.7156

98.7346

98.7101

98.7205

0.8

99.8448

99.8366

99.882

99.8859

99.8875

99.884

99.8852

BFAST: k =10 hat

gidéng, N =50

22

0.85

Khéng
chay duogc

60.1535

60.8127

60.9329

61.0258

60.927

60.9797

0.9

Khéng
chay duoc

87.9894

88.5969

88.7120

88.8504

88.8102

88.8287

0.95

Khoéng
chay duogc

99.2196

99.3659

99.3959

99.4046

99.3988

99.4025

Bang 5.4: So sdnh AcoSeeD véi SpEEDfast trén b dir ligu lon MegaBFAST

N

P

Method

k=1

k=2

k=4

k=8

k=16

28

100

0.9

SpEEDfast

69.3241

79.6629

87.5674

92.7762

95.9170

AcoSeeD

69.4522

80.6561

88.5098

93.5635

96.5560

28

150

0.9

SpEEDfast

87.6426

93.4308

97.0118

98.7430

99.5137

AcoSeeD

87.6571

94.0766

97.5303

99.0520

99.6605

28

200

0.9

SpEEDfast

94.9876

97.8936

99.2937

99.7877

99.9409

AcoSeeD

94.9606

98.2302

99.4766

99.8588

99.9648

Nhan xét: Két qua thuc nghiém trong cac bang trén cho thiy AcoSeeD tét hon SpEED

va SpEEDfast trong hau hét cac trudng hop (trir mot test w = 28, N = 200, p = 0.9,
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k = 1). AcoSeeD di tim dugc cac tap hat gidng moi co do nhay cao hon SpEEDfast

tim duoc.
5.4. Két luan chwong

Trén day, luan an dé xuat thuat toan AcoSeeD tim tap hat giong téi vu dung
trong tim kiém twong ddng cua cac chudi sinh hoc. Két qua thuc nghiém cho thiy
AcoSeeD tét hon phuong phap tét nhat hién nay SpEED, SpEEDfast. Noi riéng
AcoSeeD di tim duoc céc tap hat gidng méi co d6 nhay cao hon han tap hat giéng ma
SpEEDfast tim duoc cong bé nam 2012. Théng qua thuat toan AcoSeeD, ching toi
cling gidi thidu cach st dung tim kiém cuc bo bang ham muc tiéu x4p xi nhanh thay
cho ham muc tiéu chinh trong ACO. Nho cach két hop linh hoat nay ma thoi gian chay

cho tim kiém cuc bo giam dang ké ma van cho két qua tét.
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Chuong 6. UNG DUNG PHUONG PHAP ACO CAI TIEN HIEU
QUA DU POAN HOAT PONG PIEU TIET GEN

Ké tir khi Watson va Crick phat hién cau truc caa DNA (DeDeoxyribonucleic
Acid), dén nay, ngudi ta dd co nhitng thanh tuu quan trong trong di truyén hoc. Tuy
nhién, viéc giai ma hoat dong diéu tiét gen van con nhiéu thach thtc. Trong chuong
nay, luan an dé xuét thuat toan ACO [23] va thuat toan di truyén [26] dé tim tham sb
cho SVM (Support Vector Machine - SVM) duoc dung dé du doan diéu tiét gen tir moi
lien két cac yéu t6 phién ma (Transcriptional Factors - TFs). Thuc nghiém trén dit liéu
thuc chi ra rang céc tham sé cho SVM tim dugc bang thuat toan ACO nay di cai tién
duoc 10% kha ning du doan so véi cach tiép can tim kiém dua trén ludi truyén théng

va tot hon thuat toan di truyen.

6.1. Bai toan du doan hoat dong diéu tiét gen

Hiéu co ché diéu chinh biéu hién gen qua cac yéu t6 phién ma (Transcription
Factors-TFs) la nhiém vuy trung tam cua sinh hoc phan tir. Nguoi ta biét rang céc trang
thai biéu hién gen duoc thanh I1ap thong qua su tich hop ctia mang tin hiéu va phién ma
hoi tu trén cac thanh phan ting cudng, con dwoc goi la mo-dun diéu tiét (Cis-
Regulatory Module - CRM)[64]. Cac mo-dun diéu tiét nay 1a cac doan DNA, n6 lién
két cac yéu to phién ma dé diéu tiét biéu dién gen lién quan. M&i md-dun cé thé diéu
tiét mot hodc nhiéu gen.

O muc do bo gen hoic cac md-dun diéu tiét gen cu thé, nguoi ta di co phuong
phap nhan dang c4c hoat dong diéu tiét ndy. Tuy nhién, & mac do toan canh, hién tai
van 1a bai todn mé. Gan day, Zinzen va cac cong su [71] da gidi thiéu mot md hinh dy

bao diéu tiét trén rudi dim Drosophila.
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6.1.1. Méi lién két yéu td phién ma trong phat trién phoi cta rudi giam Drosophila

Rudi gidm Drosophila 12 mot mau sinh vat dugce dung dé nghién cau sy phat
trién cia phéi thai trong sinh hoc. Zinzen va céc cong su [71] dé xuét sir dung phuong
phap ChIP (Chromatin Immunoprecipitation) dé thu dugc dix liéu cua yéu té phién ma
quan trong cua rudi gidm Drosophila (Twist, TinMan, Mef2, Bagpipe va Biniou) tai 5
thoi diém trong qué trinh phaét trién phdi. Cac dit liéu duoc chuan héa va trich dugc 15
dic trung biéu thi tinh tich cuc cia CRM vé diéu chinh gen nhu dugc minh hoa trong
hinh 5.1. Sau d6 Zinzen dung co so dit liéu gdm 310 CRM lay tir co so dir liéu REDFly
[39] dé nghién ciu su anh huong caa méi lién két yéu to phién ma trén biéu hién gen.

Mdi CRM duoc xép vao mot nhom biéu hién hoat dong: Mesoderm — trung bi,
Somatic muscle — co soma, Visceral muscle — co ndi tang, lan luot goi 1a Meso, SM va
VM). Ngoai ra, c6 mot s6 CRM thugc loai hdn hop nhu trung bi va co soma (goi 1a
Meso_SM) hoic co soma va co ndi tang (goi 1a SM_VM). Nhu vay, mdi CMR c¢6 thé

duoc xép vao mot trong nam nhém biéu hién:

e Meso

e SM

e VM

e Meso SM
e SM_VM.

Co so dir liéu da néu duoc dung dé huan luyén b nhan dang theo phwong phép
SVM & du doan hoat dong diéu tiét gen thdng qua xac dinh nhan cho cac CMR dua

trén cac dic trung da biét,
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Hinh 6.1: Dy do4n hoat dong diéu tiét gen dwa trén lién két phién ma
Dé rd hon cach tiép can méi, luan an gigi thiéu tom tat phuong phép cua Zinzen
va cong su di st dung SVM cho bai toan du doan diéu tiét nay.
6.1.2. Dy doan hoat dong diéu tiét gen bang phwong phap hoc may SVM
Phuong phap hoc may SVM la phuong phap hoc c6 giam sat dé nhan dang mau
(xem [3,6]). Trong phwong phép nay, dua trén tap dir liéu huan luyén di cé:

D = {x*, y*J,, (6.2)
trong d6 x* = (x¥, ..., xK) 1a cac dbi twong c6 n dic trung va y* 1a nhan 16p caa né.
Nguoi ta s& phan 16p theo ting loai nhdn bang ham phan biét tuyén tinh:

d(x) = Xz WiX; + W (6.2)
sao cho nod xac dinh 1& cuc dai.

Khi tap mau khdng tach duoc tuyén tinh, nguoi ta ding bién mém. Cac hé sé w
va w, ctiia ham phan biét co thé xac dinh nho giai bai toan quy hoach:
Cuec tiéu ham:

lwll?

](W, Wo, é—) =—+C Zt et (633.)

2
Vai cac rang budc:
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yrwTxt +wy) =1 - ¢t v(xt yt) €D, (6.3b)
E>o0ve=1,..,m, (6.3¢)

trong d6 C 1a hing s6 dwong biéu thi muc phat cac diém phan 16p sai, truong
hop tach duoc tuyen tinh tng véi C — o

Dé ting chit luong nhan dang, ngudi ta dung anh xa ¢: R® = RN nhing khong
gian dic trung 1én khong gian ¢ sd chiéu 16n hon. Anh xa ¢ = (¢4, ..., py) thudng

duoc xac dinh qua ham nhan:
K(u,v) = e Ylhuvl? (6.4a)
va:  ¢;(x)=K(u,v) (6.4b)

trong d6 v* duoc chon trudc.

Zinzen va cac cong su [71] chon céc hang sé C, y trén mot ludi k x k sao cho
két qua nhan dang céac 16p c6 sai sé nho nhat. Vi mdi cap gia tri (C,y) trén ludi duoc
chon, tap huan luyén duoc dung dé huan luyén cac bo phan lép (ding SVM & [73])
theo phuong phéap k — folds véi k = 1 (con goi 1a phuong phap Leave One Out). Vi
mdi ddi twong bo ra, nguoi ta huan luyén bo phan 16p dwa trén tap con lai va nhan dang
cho ddi tugng nay dé kiém tra. Sau khi xoay vong hét thi ngudi ta danh gid ty 1¢ sai dé
xéc dinh sai s6 cho cap gié tri tham s6 (C,y) twong ung. Cap gia tri vai sai s6 nho nhat
duoc ding dé huan luyén bo nhan dang. Phan mém du doan theo phuong phap nay co
& [78] va duoc dung dé so sanh véi phuong phap méi. So do danh gia hiéu qua dy

doan ctia tham s6 cho SVM nay dwoc minh hoa trong hinh 6.2.
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Hinh 6.2: So' d6 danh gia hiéu qua tham sé SVM
Mic du phuong phap tim kiém tham sé trén ludi 1a théng dung trong Y-Sinh
nhung nhuoc diém co ban cua né 1a khdng thé tim kiém trén luéi day (budce ludi nho)
Vi vay, khi d6 khong cai thién duoc loi giai. Dé tang chét lwong du doan, luan an dé
Xuat tng dung thuat toan di truyén [26] va phuong phap ACO [23] dé xéac dinh tham s6
SVM.

6.2. Thuat toan di truyén tim tham sé6 cho SVM dung trong dyu doan hoat déng
diéu tiét gen

Luan &n st dung phan mém SVM [73] dé phan biét lan luot ting 16p mét, nhu
cach lam cua Zinzen [71]. Nhu vay, nhadn ctia cac mau dit liéu c6 dang nhi phan, thuoc

16p thi c6 nhan bang 1, nguoc lai nhan bang -1.

Trong [26] luan &n da dé& xuit thuat toan di truyén dé tim tham sé cho SVM
ding trong bai toan dy doan hoat dong diéu tiét gen. Thuat toan di truyén da duoc noi
rd trong [57]. Luan &n xac dinh ham muc tiéu, ma héa tham sb can tim, xac dinh céc
toan tir dot bién va tuong giao chéo rdi dung gdi phan mém dua trén ngdn ngit R & dia
chi [74] dé tim tham sb tét nhét.
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6.2.1. Ma hoa cac tham sé can tim

Luan an dé xuit cach ma hod nhi phan 51 bit dé bidu dién hai tham sé C va y.
Tham sé € nhan gia trj tir 10 dén 10° duoc biéu dién bang mot day 24 bit, va y nhan
gia tri 10° dén 10 duoc biéu didn bing mot day 27 bit. Nhu vay, viéc tim C va y
tuong ng Véi viéc tim mot diy 51 bit, trong d6 24 bit dau tién 1a md ta cho C, 27 bit

tiép theo md ta cho y nhu mé ta trong hinh 6.3.

24 bits for C 27 bit;:‘. fory

Hinh 6.3: Mt nhiém sic thé biéu dién € vay
6.2.2. Cac phép toan di truyén

Phép toan ddt bién: Thuc hién dot bién theo di truyén ¢ dién, voi mdi gen dot

bién s& chuyén tir 0 thanh 1 hoic nguoc lai nhu minh hoa trong hinh 6.4

24 bits for C 27 bits for y
0|1 11011 0 0
Mutation
0|1 11011 1 0

Hinh 6.4: Gen & vi tri in ddm ddt bién 0 thanh 1 hozc ngwoc lai

Phép toan twong giao chéo: Nhu trong thuat toan di truyén co dién, phép
trong gido chéo chon ngau nhién mot vi tri cua cip nhiém sic thé rdi trao doi céc

thanh phan cho nhau dé duoc ciap nhiém sac thé méi nhu minh hoa trong hinh 6.5.
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Hinh 6.5: Minh hoa phép toan twong giao chéo ciia cip nhiém sac thé
6.2.3. Lwge dd thuat toan di truyén

Ham muc tiéu cho thuat toan 1a cuc tiéu sai s6 nhan dang bang SVM theo tham
s6 C, y nhu dd n6i & muc 6.1. Khi dé, tha tuc caa thuat toan di truyén tim cac tham s
cho SVM (GASVM) cho dy doan hoat dong diéu tiét gen dugc dac ta trong hinh 6.6.
Véi cach ma hda tham sé, ham muc tiéu va cac phép toan di truyén da néu, phan mém
dua trén ngbn ngir R & dia chi [74] dugc ding dé tim tham s6 tét nhat vai xac suat dot
bién va twong giao chéo 1y ngam dinh theo g6i phan mém nay. Két qua thuc nghiém

cua thuat todn va so sanh véi phuong phap cua Zinzen sé dugc trinh bay trong muc 6.4.

Procedure GASVM,;
Dir liéu vao: Dit liéu huan luyén va dit liéu test;
Két qua ra: Tham sb C vay;
Begin
Khai tao quan thé P;
while (chua két thiic) do
Chon loc Q tur P;
Tao P tir Q bang cac phép toéan di truyén;
Danh gia P;
Cap nhat 10i giai tot nhat;
end-while;
Dua ra loi giai tdt nhét;
End;

Hinh 6.6: Thuat toan GASVM
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6.3. Thuat toan tdi wu dan kién tim tham sé cho SVM dung trong du doan hoat

dong diéu tiét gen

Mic du thuat toan di truyén c6 hiéu qua hon phuong phap tim kiém ludi, tuy
nhién n6 c6 nhugc diém 14 cac 11 giai tao nén & cac budc lp sau trung lap véi 1oi giai
& budce trude kha nhiu. Vi vay, luan an thir nghiém xay dung thuit toan ACOSVM

cho bai toan du doan nay.

Luoc dd cua thuit todn tudn theo thu tuc dd mé ta trong chuong 2, cu thé duoc

mo ta trong hinh 6.7.

Procedure ACOSVM,;
Dir liéu vao: Dix liéu huan luyén va di liéu test;
Két qua ra: Tham sb C vay;
Begin
Khai tao tap A gom N, kién, ma tran mui, cac tham sb;
while (chua két thiic) do
for eacha e A do
Kién a xay dyng loi giai;{la mot xau nhi phan gom 51 bit}
end-for
Cap nhat mui;
Cap nhat 10i giai tét nhat;
end-while
Ghi loi giai tét nhat;
End;

Hinh 6.7: Thuat toAn ACOSVM

Dudi ddy mo ta rd do thi cau trdc, ma tran mai va thu tuc xay dung loi giai.
6.3.1. P thi cau tric va ma tran mui

Tuong ty nhu trong thuét ton di truyén, mot 16i giai do kién xay dung ciing 1a
mot xau nhi phan gém 51 bit. Cu thé Ia:

- Tham s C c6 gié tri tir 102 dén 10° duoc biéu didn bang mot day 24 bit

- Tham sb v c6 gia tri 10°® d&én 10° dugc biéu dién bang mot diy 27 bit.
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Nhu vay viéc tim hai tham sé € va y twong ang véi viéc tim mot day 51 bit,

trong d6 24 bit dau tién 12 mo ta cho €, 27 bit tiép theo mé ta cho y.

Db thi cau trac c6 dinh xuét phat s, dinh két thic t va 51 ting mdi ting gém 2
dinh c6 nhén 0 hoic 1 nhu trong hinh 6.8. Vét mui dugc dit trén dinh cua d6 thi, cu
thé: mui n;, va n;, twong Gng thé hién sy wa thich cta kién & bit thir i chon gia trj 0
hodc 1, con thong tin heuristic nhu nhau va déu bang 1. Bé xay dung loi giai 12 xau nhi
phan gém 51 bit, kién xay dung hanh trinh trén d6 thi tir dinh xuat phat s qua 51 dinh

duoc chon & 51 tang va dén dinh két thic t.

bilt 1 bilt 2 bit 51

Hinh 6.8: Po thi cau truc
6.3.2. Thii tuc x4y dung 10i gidi ciia kién va cip nhat mui
M3i kién s& xuat phat ¢ dinh s va két thic tai dinh t dé xay dung mét cap tham
s C va y theo qua trinh sau. Néu budc tht i kién lya chon dinh ¢ hang trén tuc 12 bit
thar i chon gid tri 0, con néu kién lua chon dinh hang dudi tic 12 bit tha i chon gié tri 1.

Kién k & budc thi i s& lva chon dinh tiép theo cd gia tri nhan 13 v theo xac suat:

pk(v) = —2— (6.5)

TiotTia
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Sau khi kién xay dung xong 10i giai 1a mot ddy nhi phan gém 51 bit. Ta tién
hanh giai ma xac dinh € va y. Tiép theo goi SVM sir dung tham sé € va y véi gia tri
vira tim duoc. Hiéu qua cua du doan s& danh gia d6 tot cua loi giai do kién xay dung.
Loi giai cua kién tot nhat s& duoc ding dé cap nhat mui theo SMMAS nhu sau:

PTmax N6U (i,v) € si=best

’ 6.6
PTmin N€U ([, V) € s (66)

Ti,vz(l_p)+{

i—best

Hiéu qua cua thuat toan nay duoc so sanh véi cac thuat toan di truyén va

phuong phap ludi bang thyc nghiém.

6.4. Két qua thuc nghiém

Luan &n thuc nghiém trén tap dir liéu bao gém 310 CRM da biét hoat dong diéu
tiét 1y tir co so dir lisu (REDFly, [39]). Bdi véi mdi dit ligu, tinh chinh xac caa du bao
duoc do dua trén ty I¢ du doan dang.

Thuc nghiém chay cho ca ba phuong phap: Zinzen, GASVM va ACOSVM trén
cling mot may va cung dung goéi phan mém duya trén ngdn ngitr R cho SVM. Céc thuat
toan GASVM va ACOSVM duoc chay 10 lan dé lay két qua trung binh cia 10 lan
chay cho so sanh, phian mém dy doan theo phuong phap Zinzen ldy & [78]. Két qua

thuc nghiém cho & bang 6.1 va thé hién truc quan qua biéu db ¢ hinh 6.9.

Bang 6.1: Két qua thuc nghiém so sanh 3 phwong phap

Dir liéu Grid Search GA ACO
Meso 65.23 71.04 70.9
SM 70.67 74.51 74.5
VM 67.11 80.02 80.2
Meso_SM 81.75 81.91 82.9
VM_SM 74.01 80.48 81.5
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Hinh 6.9: Biéu dd so sanh két qua dw doan diing giira ba phwong phap

Két qua thuc nghiém cho thay ca hai phuong phap tiép can metaheuristic mgi dé
xuat (GASVM va ACOSVM) tét hon cac két qua ctia phuong phap tim kiém dya trén
ludi cua Zinzen trong [71] vé do chinh xac. Hau hét cac truong hop két qua dat duoc
d6 chinh xac tot hon 5-10%, ngoai trir Meso_SM chi c6 tét hon 1%. Ca hai GA va
ACO di dat dugc két qua rat gidng nhau trong 3 trén 5 b dir liéu loai biéu hién 1a duy
nhat (Meso, SM hoic VM). Trong hai trudng hop hdn hop, ACO tét hon so vai GA.

6.5. Két luan chwong

Du doan hoat dong diéu tiét gen 1a mot trong cac budc quan trong dé hiéu céc
yéu té anh huong téi diéu tiét gen trong sinh hoc. Cac cong nghé giai ma hién nay cho
phép chlng ta giai quyét van dé nay mot céch hiéu qua cho tirng bd gen hoac cac gen
riéng ré nhung mot birc tranh toan canh van con la thach thirc. Zinzen va cong sy da dé
Xuat sir dung phwong phap ChIP dé nghién cau cac yéu to phién ma quan trong cua
rudi gidm Drosophila. Phuong phap nay 4p dung tim kiém trén ludi dé xac dinh tham
sb cho b nhan dang SVM cho két qua hira hen.

Tuy nhién, viéc tim kiém luéi bi han ché do bung né khong gian tim kiém khi
lay luéi day. Hai thuat toan GASVM va ACOSVM méi dé xuét cai thién dang ké hiéu
qua du doan hoat dong diéu tiét gen dya trén SVM da néu ctia Zinzen va cong su .
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KET LUAN

Céc bai toan TUTH khé c6 nhiéu tmg dung quan trong trong thuc tién, dic biét
la trong cac bai toan sinh hoc. Phuong phap ACO két hop thong tin heuristic va thong

tin hoc tang cuong nho mo6 phong hoat dong cuia dan kién c6 cac vu di€ém noi troi sau:

1) Viéc tim kiém ngau nhién dya trén céc thdng tin heuristic cho phép tim kiém
linh hoat va mém déo trén mién rong hon phuong phap heuristic sin c6, do d6 cho ta

.....

loi giai tot hon va cd thé tim duoc 16i giai tdi vu.

2) Su két hop hoc ting cuong thong qua thdng tin vé cuong do vét mii cho
phép ta timg buéc thu hep khong gian tim kiém ma van khong loai bo céc 1oi giai tot,

do d6 nang cao chat lugng thuat toan.

Thyc nghiém da chimg t6 kha ning ndi troi cia phuong phap ACO trong tng

dung cho nhiéu bai toan va phuong phap nay dang duoc sir dung rong rai.

Khi dung phuong phap ACO, quy tic cap nhat mui dong vai trd quan trong,
quyét dinh hiéu qua thuat toan duoc dung. Luan an dé xuit cac quy tic cap nhat moi
méi: SMMAS, MLAS va 3-LAS. Céc thuat toan nay bat bién d6i voi phép bién doi
don diéu ham muc tiéu, thuc nghiém trén cac bai toan co ban nhu TSP, UBQP, Iap lich
san xuat véi dir liéu chuan cho thay cac thuat toan dé xuat c6 hiéu qua va dé sir dung

hon so véi cac thuat toan théng dung nhat hién nay nhu ACS va MMAS.

Trong céc thuat toan nay, SMMAS don gian, dé si dung hon nén cé thé dung
réng réi. Thuat toan MLAS cho phép diéu tiét linh hoat kha niang kham phé va ting
cudng cua thuit todn theo ting thoi diém. Tuy thuc nghiém trén bai toan TSP cho két
qua htra hen nhung khoé ap dung hon. Thuat todn 3-LAS thich hop véi c&c bai todn co
théng tin heuristic tét, khi st dung chiing anh huéng nhiéu téi chat lugng cua két qua

tim kiém, chang han nhu bai toan TSP.
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Bén canh phét trién thuat toan méi, luan an cling dé xuét cac giai phap cho ba
bai todn quan trong trong sinh hoc phan tir: suy dién haplotype, tim tap hat giéng ti uu

va dy bao hoat dong diéu tiét gen.

Ddi vai bai toan suy din haplotype, luan &n dé xuat thuat toan ACOHAP. Két
qua thuc nghiém cho thdy ACOHAP cho két qua téi ru nhu RPoly (phwong phap chinh
x&c t6t nhat hién nay) trong nhiéu truong hop, hon nita, ACOHAP hiéu qua ndi troi

hon han CollHap (phuong phap xap xi tét nhat hién nay).

Ddi vai bai toan tim tap hat gidng téi vu, luan an dé xuat thuat toan AcoSeeD.
Két qua thuc nghiém cho thiy AcoSeeD cho két qua t6t hon hai phuong phap tét nhat
hién nay la SpEED va SpEEDfast.

Pbi véi bai toan du bao hoat dong diéu tiét gen, dua trén phuong phap dé xuat
cta Zinzen va cac cong sy, luan an dé xuat hai thuat toan metaheuristic: GASVM va
ACOSVM. Céc thuat toan nay twong @ng st dung phuong phap GA hoic ACO dé tim
tham sé t6t nhat cho bo hoc SVM. Thuc nghiém cho thay hiéu qua hon cach tiép can
&p dung phuong phéap tim kiém trén ludi cua Zinzen.

Hién tai hé ACOHAP, AcoSeeD, GASVM va ACOSVM sé c6 ich cho cac nha
nghién ctru sinh hoc va nhitng ngudi quan tam.

Trong tuong lai, chung t6i s& cung vai nhom nghién ciru Tin-Sinh cua Pai hoc

Cong nghé ung dung cac dé xuat mai nay cho cac bai toan khac.
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