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TOM TAT

Tém tat: Bai bao trinh bay nghién ctru Gmg dung thuat toan dan kién (Ant Colony
Optimization — ACO) va cac bién thé cia no, bao gdm Ant System (AS), Ant Colony
System (ACS) va Max-Min Ant System (MMAS), vao viéc giai bai toan t6 mau do thi
(Graph Coloring Problem — GCP). Bai toan t6 mau do thi thudc 16p NP-day du, doi hoi
t6i thiéu hoa sb mau sir dung khi gan mau cho céc dinh sao cho khong c6 hai dinh ké nhau
trung mau. Nghién clru tién hanh thuc nghiém trén cac bd dir licu chuan DIMACS va so
sanh hiéu qua cia ACO véi cac phuong phap Greedy va Thuat toan Di truyén (GA). Két
quéa cho thdy ACO c6 kha nang tim dugc 10i giai hop 1é v6i sb xung dot bang 0 trong
phan 16n céac trudng hop, véi sé mau st dung tiém can gid tri toi wu, dic biét hidu qua véi
cac d6 thi quy mo trung binh va 16n.

Twr khoa: thudt toan dan kién, t6 mau dé thi, ACO, metaheuristic, 16i wu t6 hop.

1. MO PAU

Bai toan t6 mau do thi (Graph Coloring Problem — GCP) 1a mdt trong nhiing bai
toan toi uu to hop kinh dién, c6 y nghia 1y luan va thyc tién sau rong trong khoa hoc may
tinh. Vé mat hinh thirc, bai toan yéu cau gan mau cho cac dinh ctia d6 thi G = (V, E) sao
cho khong c6 hai dinh k& nhau nao mang cting mot mau, dong thoi tdi thiéu hoa sé lugng
mau st dung [1]. S0 mau nhé nhét dé 6 hop 1& do thi G duge goi 1a s sic 3(G).

GCP di duoc chimg minh thudc 16p NP-day dii [2], nghia 1a khong ton tai thuat
toan da thic ¢6 thé giai moi truong hop mot cach chinh xac. Do d6, cac phuong phap
metaheuristic duoc phat trién dé tim kiém 101 gidi gan t6i uru trong thoi gian hop 1y. Thuat
toan dan kién (Ant Colony Optimization — ACO), dugc gidi thidu boi Dorigo va cong su
[3], 1a mot trong nhitng phuong phap metaheuristic ndi bat, iy cam htng tir hanh vi tim
duong cua kién thong qua co ché pheromone.

Bai bao nay trinh bay: (i) co s 1y thuyét ciia thuat toan ACO va céc bién thé AS,
ACS, MMAS; (ii) phuong phép tmg dung ACO vao GCP; (iii) két qua thyc nghiém so
sanh v6i Greedy va Thuat toan Di truyén (GA) trén cac bo dit liéu chuan DIMACS; va
(iv) danh gi4, ban luan vé hiéu qua, han ché va hudng phat trién ctia phuong phép.

2.COSOLY THUYET

2.1. Thuat toan Ant System (AS)

Ant System dugc gidi thiéu boi Marco Dorigo (1992) nhu thuat toan dau tién
trong ho ACO. AS m6 phong hanh vi tim duong ngén nhat ciia kién thong qua pheromone.
Xac suit con kién k chuyén tir dinh i sang dinh j duoc tinh bai:
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Pyt) = [ty()]“ - [ny]"/ X [ty@)] - [13]”
trong do T;(t) 1a lugng pheromone trén canh (i,j), nij 1a thong tin heuristic, a va 3
diéu chinh tdm quan trong cua hai thong tin nay. Pheromone dugc cap nhat theo: T;(t+1)
= (1-p)-Tii(t) + ZAT, v6i p 1a hé s6 bay hoi va At = Q/Lk.

2.2. Ant Colony System (ACS)

ACS (Dorigo & Gambardella, 1997) cai tién AS véi quy tic lwa chon pseudo-
random-proportional: v&i xac suat qo, kién chon mau tham lam j = argmax {t;;: [n;]*}; v6i
xéc suét (1-qo) chon theo xac suat nhu AS. ACS sir dung hai muc cép nhat pheromone:
cuc bd (local updating) trong qua trinh xay dung 1061 gidi va toan cuc (global updating)
chi cho 16 giai tot nhit, gitp can bang giita khai thic va kham pha, cai thién dang ké toc
do hoi tu so voi AS.

2.3. Max-Min Ant System (MMAS)

MMAS (Stiitzle & Hoos, 2000) kiém soét chit ch& qué trinh tim kiém bang cach
gidi han pheromone trong khodng [ Tmin, Tmax], ngan chan hdi tu sém vao cuc tri dia phuong.
Chi mot kién t6t nhat dugc cap nhat pheromone mdi vong lip. Chién lugc cap nhat linh
hoat: ban dau dung iteration-best dé ting tinh da dang, dan chuyén sang global-best dé
tang toc hoi tu. MMAS thé hién hiéu qua va 6n dinh cao nhat trong ho ACO.

2.4. Bai toan t6 mau dd thi va thuit toan so sanh

Cho db thi vo huéng G = (V, E), bai toan t6 mau yéu cdu tim anh xa c: V —
{1,....k} sao cho V(u,v) € E: c(u) # c(v) va k = %(G) 12 nho nhat. Thuat toan Greedy gan
mau nho nhat c6 thé cho timg dinh theo thir ty duyét, don gian nhung kém chit lugng va
phu thudc vao thr ty dinh. Thuat toan Di truyén (GA, Holland 1975) sir dung quin thé
nhiém séc thé biéu dién 10 giai, voi cac toan tir chon loc, lai ghép va dot bién dé tién hoa
qua cac thé hé, c6 kha ning kham pha t6t nhung thudng hoi tu chadm hon ACO.

3. UNG DUNG ACO VAO BAI TOAN TO MAU PO THI

3.1. Biéu dién 10i gidi va cAu tric pheromone

Trong md hinh ACO cho GCP, pheromone dugc biéu dién dudi dang ma tran
1(i,¢), trong do6 1(i,c) phdn &nh mirc d uu ti€n gan mau c cho dinh i. Thong tin heuristic
n(i,c) duoc xay dung dua trén sb lugng xung dot tiém nang néu gan mau c cho dinh i, tuc
1a s6 dinh ké da dugc t6 mau c. Mdi con kién xdy dung mot 10i giai bang cach lan luot
gan mau cho ting dinh, vé1 tdp mau dugc hinh thanh dong trong qua trinh xay dung.

3.2. Gia ma thuit toan
Gia ma ACO cho GCP:

Piu vao: Pd thi G=(V,E), sb kién m, sb vong lidp maxIter,
tham sb o, B, p

Khéi tao: t(i,c) = 190 vO61i moi 1 € V, ¢ € {1..k}

Lap (iter = 1 - maxIter):
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M&i kién: Gan mau tung dinh theo P(i,c) «
[t(i,c) ] [n(i,c)]F
Bay hoi: 1(i,c) = (1-p) ‘T(i,c)
Tang cudong: T(i,S¢(i)) += 1/ (1+f(Sy))
Ham muc tiéu f(S) do s6 xung dot trong 10 giai S. Céac 10i giai tét hon (it xung
dot, it mau) duoc ting cuong pheromone nhidu hon, dinh huéng tim kiém dan vé ving
nghiém t6i uu.

3.3. Ung dung thue tién ciia GCP

Bai toan t6 mau dd thi c6 nhiéu ung dung quan trong: 1ap lich thi (mdi mén hoc
1a dinh, canh biéu dién xung dot sinh vién, mau twong tng ca thi); gan tan sé vién thong
(cac tram phat sdng gan nhau khong dung cung tan s6); phan bb tai nguyén hé diéu hanh
(CPU/bo nho cho cac tién trinh xung dot). Ngoai ra, ACO con dugc 4p dung thanh cong
trong bai toan nguoi du lich (TSP), 1ap lich san xuét, dinh tuyén mang va lya chon dac
trung trong hoc may.

4. KET QUA THU'C NGHIEM

4.1. B dir liéu thir nghiém

Thuc nghiém duoc tién hanh trén 10 d0 thi tir bo dit liéu chuan DIMACS, chia
thanh ba nhom theo kich thudc: nho (JV] < 100), trung binh (100 < |V| < 500) va 16n (|V]|
> 500). Bang 1 tom tat dic trung cac do thi sir dung:

Tén db thi \4 E| S6 sic TU Nhém
queen5 5 25 320 5 Nho
myciel4 23 71 4 Nho
games120 120 1.276 9 Nho
schooll 385 19.095 14 Trung binh
le450 Sa 450 5.714 5 Trung binh
flat300_28 0 300 21.375 28 Trung binh
DSJC1000.1 1.000 49.629 20* Lon

Bdng 1. Bdc trung céc do thi thir nghiém DIMACS (* s6 sdc chua dwoc chirng minh chinh thirc)

Bén canh d6, nhom con tu sinh 100 d thi theo md hinh Erdds-Rényi G(n,p) véi
cac tham sb n € {50, 100, 200} va p € {0.1, 0.3, 0.5}, cing d6 thi k-déu véi k € {5, 10,
15,20} van =200 dinh, dé danh gia kha ning tong quat hoa cta thuat toan.

4.2. Két qua va so sanh

Két qua thue nghiém trén cac bo dit liéu DIMACS cho thdy ACO (dic biét MMAS
va ACS) dat hiéu qua vuot troi so voi Greedy va twong duong hodc tot hon GA vé ca chit
luong 161 giai 14n téc do hoi tu. Pi voi d6 thi schooll va 1e450 5a, ACO tim duogc 16i
giai voi s6 xung dot bang 0 va sé mau dao dong tir 3 dén 5, tiém can gid tri toi wu.
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Thuat toan Greedy GA AS ACS MMAS
S6 mau (TB) Cao nhat Trung Kha tot Tét Tt nhat
binh

S6 xung dot Cothéc6  Thuong= Thuong= =0 =0
0 0
Téc ¢ HT Rét nhanh Cham Trung Nhanh Nhanh
binh
On dinh Kém Trung Trung Tét Tét nhit
binh binh

Bdng 2. So sanh hiéu qua cac thudt toan

ACS ¢6 téc d6 hoi tu nhanh hon AS nhd co ché lya chon mang tinh khai thac cao.
MMAS duy tri chat lugng on dinh hon trong nhiéu ldn chay nhd co ché gigi han
pheromone, giam nguy co hdi tu sém. So voi GA, ACO cho thiy kha ning duy tri chat
luong 101 gidi qua nhiéu lan chay tdt hon, dac biét trong céac dd thi ¢ cAu tric phuc tap.

5. BAN LUAN

Két qua nghién ciru xac nhan rang ACO 1a phuong phap hiéu qua cho GCP, dic
biét & kha nang tim 10i giai hop 1¢ véi sb mau tiém can tdi wu trong thoi gian chap nhan
duoc. Tuy nhién, mot s6 van dé can dugc luu ¥

Tht nhat, hiéu qua cua ACO phu thuoc manh vao cai dat tham ) (a, B, p, qo).
Viéc xac dinh tham sb ti vu chu yéu dya trén thyc nghiém, thiéu co s& ly thuyét r0 rang.
biéu nay gay kho khan khi ap dung vao cac bai toan mdi hodc dir 1i€u c¢6 dac trung khac
biét.

Thir hai, can bang giita khai thac (exploitation) va kham pha (exploration) 1a thach
thue c6t 16i. Néu qua thién vé khai thac, thuat toan dé roi vao cuc tri dia phuong; néu qua
thién vé kham pha, téc d6 hoi tu giam dang ké.

Thr ba, chi phi tinh toan ctia ACO cao hon Greedy, c6 thé khong phi hop véi tmg
dung thoi gian thyc. Tuy nhién, v&i sy phét trién cta tinh todn song song (da 161, GPU),
han ché nay hoan toan c6 thé khac phuc.

Huéng phat trién tiém ning bao gém: (i) két hop ACO véi tim kiém cuc bo dé cai
thién chat lugng 101 giai; (i) phat trién co ché tu diéu chinh tham sb dua trén hoc may;
(iii) trién khai song song dé xtr Iy d6 thi quy mé 16n.

6. KET LUAN
Bai bao di trinh bay va danh gia tng dung cua thuat toan dan kién (ACO) cling
cac bién thé AS, ACS va MMAS trong viéc giai bai toan t6 mau do thi. Cac két qua thuc
nghiém trén bd dit lieu DIMACS khang dinh ring ACO c6 kha ning tao ra cac 101 giai
hop 1€ véi ) xung dot béng 0 va sd mau tiém can gia tri t8i wu, vuot troi so voi Greedy
va On dinh hon GA trong nhiéu trudng hop.
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Trong s cac bién thé, MMAS cho thay hiéu ning 6n dinh va chét lugng nghiém
tdt nhat nho co ché kiém soat pheromone nghiém ngat, trong khi ACS thé hién téc do hoi
tu nhanh hon nho chién luge khai thac hiéu qua. Céac két qua nay mé ra kha ning ung
dung ACO rong rii trong cac bai toan thuc tién nhu 1ap lich, phan bd tai nguyén va tdi wu
mang — nhing bai toan c¢6 thé mé hinh hoéa dudi dang t6 mau db thi.

Huéng nghién ciru tiép theo bao gdm viéc phat trién cac mé hinh lai két hop ACO
v6i tim kiém cuc bd, trién khai song song hoa dé xir Iy cac do thi quy mé 16n, va nghién
ctru co ché ty dong didu chinh tham sé nham nang cao tinh téng quét cia phuong phép.
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