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VE BIEN THIEN CUA VET MUI TRONG PHUGNG PHAP ACO
VA CAC THUAT TOAN MG

pO DUC DONG!, HOANG XUAN HUAN?

LVien Cong nghe thong tin, Pai hoc Quéc gia Ha Noi
2Dai hoc Cong nghé, Pai hoc Quoc gia Ha Noi

Tém tat. Trong cac thuat toan t&i wu héa dan kién (Ant Colony Optimization-ACO), vét mui bidu
thi thong tin hoc ting cudng dé tim kiém 15i giai cho céc bai toan t6i wu t6 hop NP khé. Bai bao
trinh bay mot s6 phan tich toan hoc vé tinh bién thién ctia vét mii trong hai thuat toan ACO thong
dung nhat: ACS (Ant Colony System) va MMAS (Max-Min Ant System), cidc phan tich nay 14 co sé
cho dé xuat cic quy tic cap nhat mii mdi.

Abstract. In Ant colony optimization (ACO) algorithms, pheromone trails express reinforcement
learning information to find solutions for NP-hard problems in combinatorial optimization. This
paper presents mathematical analysis on behavior of pheromone trail in two most popular ACO
algorithms: ACS (Ant Colony System) and MMAS (Max-Min Ant System), and suggests new ideas

for improving pheromone update rules.

1. GIOI THIEU

Toi uu hoa dan kién (Ant colony optimization-ACO) do Dorigo dé xuat [6] da thu hat
nhidu ngusi quan tam nghién citu va iing dung dé giai cac bai toan t6i wu t6 hop kho [1, 2, 7,
11, 15, 16].

Trén duong di, mdi con kién thie dé lai mot vét hod chat goi 1a vét miti (pheromone trail)
va theo vét mili ctia cac con kién khac dé tim duong di. Dudng c6 néng do vét mili cang cao
thi cang c6 nhicéu kha nang duge cac con kién chon. Nho cach giao tiép gian tiép nay [7] dan
kién tim duge duong di ngan nhat. Theo ¥ tudng nay, cac thuat toan ACO sit dung két hop
thong tin kinh nghiem (heuristic) va hoc ting cudng qua cac vét miui clia cac con kién nhan
tao dé gidi cac bai toan t6i wu t6 hgp bang cach dua vé bai toan tim duong di téi wu trén do
thi cau tric tuong ting ctia bai toan.

Thuat toan ACO dau tien [6] 14 he kién (AS) giai bai toan ngudi chao hang (TSP), dén
nay da c6 nhic¢u bién thé duge dé xuat, thong dung nhat 1a he dan kién (ACS) [7, 8] va hé
kién Max-Min (MMAS) [18]. Ching dugc ap dung rong rai [1, 7, 11, 16, 18] dé giai nhiéu bai
toan t6i wu to hop va hidu qua ndi troi clia chiing da duge chitng té bing thuc nghiem. Ngoai
cac ting dung, ¢6 nhiing nghién citu vé dac tinh ctia thuat toan [5, 9, 11, 12, 13, 15, 17] nhu
anh hudng ctia vét mui, thoi gian chay va tinh hoi tu, ...

Trong [17,18] Stiitzle va Dorigo da chitng minh tinh hoi tu t6i 16i gidi t6i wu ctia cac thuat
toan MMAS nhung chua tinh t6i 4nh hudng ctia tham s6 heuristic, khuynh huéng hoi tu cta
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vét mui duge xét khi gid thiét da tim duge 10 giai t6i wu. Con Gutjahr [10,11] thi dua vé xét
bién thién ctia mot qua trinh Markov dé rit ra tinh hoi tu t6i 10i giai toi wu va sy hoi tu clia
cudng do vét miii cho cac bién thé ctia thuat toan MMAS ma chua khéo sat cho ACS.

Tuy nhién trong cac bai todn téi wu td hop thi s6 phuong an 13 hitu han nén két qua vé
viéc x4c suat tim thay 1oi giai hoi tu vé 1 khi s6 lan 1ip dan ra vo han 13 tam thuong. Trong
bai bdo nay sé phan tich chi tiét hon vé cic dic tinh bién thién ctia vét mui trong cac thuat
toan ACO, trén co sd d6 deé xuat cac quy tac cap nhat mui mdi. Két qua thic nghiém cho
thay wu diém ciia cac dé xuat nay.

Bai bao gom: Muc 2 gidi thiéu phuong phap toi uu dan kién va hai thuat toan thong dung:
ACS va MMAS. Muc 3 trinh bay céc két qua khao sat xu thé thay doi ctia vét mili trong cac
thuat toan ACO. Cac quy tac cap nhat mui méi dude gidi thieu trong Muc 4. Muc 5 gi6i thieu
két qua thitc nghiem doi véi bai toan TSP dé minh hoa cho cac dé xuat méi. Va sau ciing la
phan két luan.

2. PHUONG PHAP TOI UU HOA DAN KIEN (ACO)

Trong cac thuat toan ACO, cac he ACS vd MMAS la hai thuat toan thong dung nhat va
sé dugc nghién citu trong bai nay. Vi vay, trude khi gisi thieu thuat toan ACO tdng quat, ta
tom tat bai toan TSP va hai thuat toan ACS, MMAS [7,8,18].

2.1. ACS va MMAS giai bai toan TSP
2.1.1. Bai toan TSP

Bai toan TSP dugc phét biéu nhu sau. Cho n thanh phd, ngusi chao hang can tim mot
chu trinh c6 dudng di ngin nhat qua mdi thanh phé ding mot lan. Dé don gian, ta xét bai
toan trén do thi vo huéng G = (V, E) trong d6 tap dinh V' (n dinh) ky hieu tap cac thanh
phd va E la tap cac canh, (i, ) biéu thi duong di ndi cac dinh 4, € V va c¢6 do dai d; ; (d; ;
1a khoang cach tit thanh pho 7 t6i thanh phd 7).

Dé gidi bai toan nay, phuong phap ACO dung bién vét mui 7 ; két hop véi mdi canh (7, 5)
va ban dau duge khéi tao béi gia tri 7. C6 m con kién nhan tao, & bude lap ¢ chiing thie hien
cac thu tuc zdy dung 107 gidi ngdu nhién va cap nhat maui theo ting thuat todn. Sau mot s6
budce lap cho trude, 10i gidi tot nhat tim duge 1a 10i gidi ctia bai toan.

2.1.2. Heé ACS (Ant Colony System)

Xay dung 104 gidi. Ban dau mdi con kién duge diat ngau nhién ¢ mot dinh xuat phat va tham
cac dinh khac dé xay dung dudng di véi thii tuc bude ngau nhién theo quy tic chuyén trang
thai sau.

Quy tdc chuyén trang thdi. Gid st con kién k dang ¢ dinh 4, n6 chon dinh s tiép theo nho quy
tac:

s = argmaxueJk(i){Ti,u(t)nie,u} - q < q0, (1)
J 4> qo,

trong d6 ¢ la gia tri chon ngau nhién thuoc khoang (0,1),qo € (0,1) 14 tham s6 cho trudc,

Nij = d.l} . con j la dinh duge chon theo xac suat cho bdi cong thic @ véi a = 1.
2,7
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0 , Vi & Ji(i).

Quy tdc cap nhat mui. Mui sé duge cap nhat theo cd hai quy tic dia phuong va toan cuc.
+ Cap nhat mui dia phuong. Trong khi xay dung 10i gidi ctia minh, mdi con kién sé cap
nhat mui cho canh (7, j) ma né di qua theo cong thic
Tij < (L= p)7i; + po. (3)
+ Cap nhat mui toan cuc. Co6 hai cach cap nhat mui toan cuc dude trinh bay tuong tng
trong [7, 8.
a) Cap nhat mui [7] duge 4p dung cho nhiing canh (7, j) thuoc duong di ngan nhat w*(t)
theo cong thic
Tig < (1= p)7ij + ATij (4)

trong d6 A7; ; = pL;b1 va Lgy(t) 1a do dai duong di ngin nhat w*(¢) cho dén budce lap ¢ hodc
cia buée 1ap t (tuong ing goi 14 101 gidi G-best hodc i-best). Ve sau ta sé xét quy tac nay khi
no6i dén ACS.

b) Cap nhat mui [8] 4p dung cho tat cd cac canh theo cong thiic M trong do:

AT . = {p[’g_b1 ) V(@]’) € w(t)
" 0, V(i) ¢ w(t)

2.1.3. Hé MMAS (Maz-MinAnt System)

Xay dung loi gidi. Trong hé nay, thu tuc xay dung 161 gidi thiuc hién khac v6i ACS 1a chi dung
quy tic chuyén trang thai ngu nhién véi xac suat cho bdi

Quy tdc cap nhat maui. Vi hai s6 duong Tomin Va Tmax thich hop cho truée, ban dau khéi tao
T0 = Tmax- O bude lap ¢, tru6e hét vét mui trén mdi canh dude cap nhat toan cuc theo cong
thic [ va Bl Sau d6 thye hién chan mui nhu sau

Tij y Tmin < Tij < Tmax
Tij = § Tmin  © Tij < Tmin (6)
Tmax T 2 Tmax-

2.2. Bai toan tong quat

Bay gio ta sé phat biéu bai toan t6i wu to hgp va thuat toan ACO tong quat diya trén cach
phét biéu trong [11,17].

Xét bai toan cuc tieu hoa (S, f,Q), trong d6 S 14 tap hitu han trang thai, f 1a ham muc
tieu xéc dinh trén S con € la cac rang budc dé xac dinh S qua cac thanh phan ciia tap hitu
han C va cac liéen két ctia tap nay. Cac tap S, C va Q c6 cac dic tinh sau.

1) C ={cy,...,cn} 1a tap hitu han gom n thanh phan. Ta ky hieu X 14 tap cac day trong
C do dai khong qua h: X = {< ug, ..., up, > u; € C Vi <k < h}.
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2) Ton tai tap con X* ciia X va anh xa ¢ tit X* lén S sao cho ¢ ~!(s) khong réng véi moi
s € S. Trong d6 tap X* c6 thé xay dung duge tit tap con Cp nao dé ctia C' nhd md rong tuan
tu dudi day.

3) Tt Cp md rong duge thanh X* theo thu tuc tuan tu:

i) xg =< up > 1a mé rong duge v6i moi ug € Cy.

i1) Néu z =< ug, ..., ux > 1a mé rong duge thi tit cac rang buoc 2 xac dinh duge tap con
J(zg) cia C sao cho véi moi ugy1 € J(xg) thi xpp1 =< ug, ..., ug, up+1 > 1& mé rong duge
hoac xp € X* khi J(xx) la rong.

i11) V6i moi ug € Cp, thil tuc mé rong néu trén xay dung duge moi phan ti cia X*.

Vi du 2.1. Trong bai toan TSP thi S 1a cac chu trinh trén do thi day, f 1a do dai duong di,
Q 1a rang budc cac chu trinh qua moi dinh vA mdi dinh qua ding mot lan, Cy 1a tap cac
dinh ctia do thi, néu z; =< ug, ..., ux > la dudng di qua uy, . . ., ux thi J(xy) 1a tap cac dinh
thuoc C khong tham gia vao xg.

2.3. Thuat toan téng quat

Gi4 stt v6i mdi canh ndi céc dinh i, j € C c6 trong s6 heuristic h; ; dé dinh huéng chon
thanh phan mé rong 1a j khi thanh phan cudi ctia z 14 ¢ theo thi tuc néu tren (h; ; > 0V(4, 5)).
Dan kién m con sé xay duyng 15i giai trén do thi day c6 trong s6 G = (V, E, H, ) , trong d6
V la tap dinh tuong ting véi tap thanh phan C' da néu ¢ trén (vé sau ta van dung ky hieu C
thay cho V dé chi tap dinh), E la tap cac canh, H la vectd céc trong sd heuristic ctia canh
tuong tng (trong bai toan TSP n6 1a vecto ma thanh phan 14 nghich ddo do dai ctia canh
tuong 1ng) con 7 vecto vét mui tich luy duge (ban dau duge khéi tao bang 79 > 0). Véi s6
lan lap N, dinh trude, cdc thuat toan dude mo ta hinh thitc nhu sau:

Procedure of ACO algorithms;
begin
Initialize; // khéi tao m con kién
Repeat
Construct solutions; // mdi con kién xay dung loi giai
Update trail; // cap nhat mui
Until End condition; //diéu kien két thiuc
end;

2.3.1. Xay dung loi gidi tuan tu

Sau khi khdi tao cac tham s6 duong «, 71 (sé giai thich rd dudi day cho tiing quy téc cap
nhat mui) va ligng mui ban dau 7y, cac con kién thyc hién 1gp tht tuc xay dung 16i giai tuan
tu. Trong mdi lan lap ¢, mdi con kién s chon ngau nhién mot dinh xuat phat trong Cp va két
hop thong tin heuristic v6i thong tin miui dé xay dung 16i gidi ngdu nhién theo thi tuc md
rong tuan ty néu trén véi xac suat chon dinh tiép theo nhu sau. Quy tic chuyén trang thai.
Gia sit kién r da xay dung z =< ug, ..., > 14 md rong dugc, né chon dinh y thuoc J () dé
md rong thanh z11 =< ug, ..., 4,y > nhd chon ngiu nhién vdi xac suat chon y cho bdi cong
thice (7): 78 hiy ;

P(y/7,a) = { Ziciy Tl 7 y € Jlax) (7)
)
0 , Yy & ().
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Qua4 trinh mé rong tiép tuc cho t6i khi kién r tim duge 10i gidi chap nhan duge z(r) trong
X* vado do6 s(r) = ¢(x(r)) € S. Khi do ta néi canh (i, y) thudc x(r).

Do gia thiét ii7) trong muc 2.2, vé sau ta sé xem z(r) va s(r) nhu nhau va khong phan
biet X* véi S dé tien trinh bay. Ky hiéu w(t) la 16i giai tot nhat cac con kién tim duge cho
t6i lan lap nay va w'(t) 1a 16i gidi tot nhat trong budc lap, néu w'(t) khong t6t hon w(t — 1)
ta s& c6 w(t) = w(t — 1). Ta s& quan tam t6i cac 101 gidi gan dung w(t) nay.

2.8.2.  Cap nhat mui

C6 nhiéu quy tac cap nhat mii, ¢ day ta xét hai quy tic dién hinh va duge sit dung phd
bién nhat hién nay xuat phat tit ACS va MMAS. Gia stt ¢ 1a mot ham gia tri thyc xac dinh
tréen S sao cho 0 < g(s) < co Vs € S va g(s) > g(s') néu f(s) < f(s') (trong bai toan TSP
g(s) la nghich dédo do dai duong di tuong ting), khi d6 6 méi bude lip cuong do vét mui sé
thay doi theo mot trong cac quy tic sau day.

Quy tdc ACS: Quy tac nay phéng theo ACS, bao gom ca cap nhat dia phuong va toan cuc.
+ Cap nhdat mai dja phuong. Néu con kién h tham canh (i, 7), tic 1a (¢,5) € s(h) thi canh
nay sé thay doi miii theo cong thiic

Tig — (1= p)7ij + p71. (8)

+ Cap nhat mui toan cuc. Cap nhat mui toan cuc chi cho cac canh thudce w(t):
Tij — (L= p)7ij + pg(w(t)), V(i,j) € w(t). (9)
Quy tdc MMAS. Quy téc nay thuc hién theo MMAS. Sau khi méi con kién déu xay dung xong
16i gidi ¢ moi bude lap, vét mii duge thay ddi theo cong thiic
Tij— (1 —p)7ij + AT, (10)

trong do,
w(t 1,75) € w(t
Ari; = pg(w(t)) (. .7') (t) (1)
max{r — (1—p)7i,;,0}  (i,7) ¢ w(?),
4 day 71 > 0 la tham so.
Chi 4.
1) So v6i MMAS trong muc 2.4.1, 6 cong thic () ta xem 71 = Ty VA gid thiét véi moi
t déu c6 Tmax > g(w(t)) (gid thiét nay chi dé don gian cho trinh bay).
2) Cac quy tac cap nhat mui trén 1 quy tic G-best, néu trong cac cong thitc (@) va (1))
thay w(t) bdi w'(¢) thi ta néi la quy tac i-best, trong muc sau ta chi xét cho quy tic G-best.

3. PHAN TiCH TOAN HOC VE XU THE VET MUI ACO
Phan nay sé nghién cttu tinh hoi tu cia cac thuat toan ACS va MMAS, sau khi wéc lugng
x4c suat tim thady mot phuong 4n & budce lip ¢, ta sé khao su thay déi clia vét mii.

3.1. Udc lugng xac suat tim thidy mot phuong an
Meénh dé 3.1. Cidc khing dinh sau ding

a) Bai todn tong qudt luon cé 1oi gidi t6i wu.
b) Véi méi két qud thuc nghiém, cdc gid tri f(w(t)) luon hoi tu khi t dan ra vo han.
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c) Ky hiéu tap l0i gidi cia bai todn la S* va gid tri toi wu la g x (g* = f(s) : s € S*) th
vdi moi canh (i,j) € E ta c¢é dinh gid sau
0 < Tmin = min{7o, 71, g(w(1))} < 7,5 < max{7o, 71, 9(w(1))} = Tmax- (12)

Chitng minh. Khang dinh a) 13 hién nhién vi tap S (vd X* ) la tap hitu han. Khéng dinh
b) suy tit tinh don diéu gidm ctia day f(w(t)) va day nay bi chan béi g*. Khing dinh c) dé
dang nhan dugc nho ching minh quy nap theo ¢ v6i luu ¥ rang & mdi lan cap nhat mui,
cudng do vét miui clia cac canh (i,7) theo quy tdc ACS c¢6 dang: 7 < (1 — p)75j + pdi j,
trong do6 Tinin < iy 0ij < Tmax, cOn cuong do vét mui cac canh cap nhat theo MMAS suy
tit cac cong thic (I0) va ().

Veé sau ta sé gia thiét 71 < g(w(t)) Vt va nhu vay Tmax = g*. u
Dinh nghia 3.1. V6i moi i € C, dai lugng k.(i) = min{ hzi : j,k € C} duge goi la he
s6 lech heuristic ctia dinh 4 con dai lugng k. = min{k.(i) : 1 € C} dugc goi la he s6 lech
heuristic ctia bai toan.

Vi moi s € S, ta ky higu ps(t) 1a xac suat dé m con kién tim duge s ¢ budc lap ¢, ménh
dé sau cho ta mot uéc luong can duéi ciia no.
Dinh 1y 3.1. Vi moi s € S va vdi moi t, ta luon co:
Ps(t) = pmin > 0, (13)
trong do, pmin Tdc dinh bdi cong thic
min

Pmin = 1- exrp <_ ’I’LhTha

max

mk‘hTha
*7> ) (14)
Ching minh. Gié st s duge xac dinh béi z(€ X*) =< ug, ..., ux > (k < h) dugec md rong tu
up. V6i mdi budce lap t va Vi < h, tit (@) va ([I4) ta c6 danh gia sau doi v6i xac suat p(x;i1/z;)
dé xip; =< ug, ..., Ui, ujp1 > duge mé rong tit x; =< ug, ..., u; > bdi mdi con kién r 1a

T Ry ks T
p(xis1/zi) > e > — (15)
Zue Ir(us) TmaxMujuiiy NTmax

Do d6, néu goi p(r, s) 1a xéac suat dé kién r tim dugc s ta co

k
kkaq khThq
p(r,s) = Hp($i/$i—1) > L > s (),
i=1

krka hht
N Thmax T Tmax

Vay ta c6 udc luong sau doi véi xac suat trong lan 1ap nay cid m kién khong tim thay

khrhe \N™ mkhrhe

n TI’}I%X max
mkfﬂ'h‘?‘ N N . .
Suy ra, ps(t) > 1 —exp | — 7722 ) = Pmin, ménh dé dude ching minh.

Chu y. Néu dimg quy tic chuyén trang thai cho béi () thi dé dang nhan duge

mkhrhe
Pmin = (1 — qo) [1 — exp <—Th§m>]

max

Ki higéu P(t) la xac suat tim duge 161 gidi trong ¢ bude lap (hay w(t) € S*). Dinh ly sau
la mé rong ctia Dinh 1y 4.1 trong [7], ddm bao tinh hoi tu cho céc thuat toan.
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Dinh 1y 3.2. Vi moic > 0 bé tuy v, ton tai T sao cho vdi moit > T ta déu cé: P(t) > 1—e¢.

Chiing minh. Theo Ménh dé B.1] luon ton tai 161 giai téi wu s* € S*. Tt Dinh 1y B} ta c6
ngay udc lugng

t ¢ mkhrhe
Pt)>1-— 1—pa())]=1—(1—pmin)' =1— ¢ * “min | 1
S | e R (~) g
Biéu thitc (I6) cho ta két luan ctia dinh 1y khi chon 7' dt 16n. u

3.2. Dac tinh cta vét mui

Ta thay ring trong thuc té, ¢ cac bude lap ¢ di 16n thi kha nang g(w(t)) > g(w(t + 1))
(va do d6 w(t+ 1) # w(t)) rat bé nén c6 the tit bude 1ap to c6 cac canh (i, j) khong bao giv
thudce vao w(t), vVt > tg hodc luon thuoc vao no. Ta sé khao sat dic diém cta 7;,j trong céac
truong hgp nay.

Dinh 1y 3.3. Gid st canh (i,7) thudc vao l0i gidi chap nhan dugc s nao dé va ton tai T
sao cho (i,i) € w(t),¥t > T thi cdc khing dinh sau diing

a) 7i;(t) hoi tu theo zdc sudt tdi 1 néu dung quy tdc cap nhat mui ACS.

InILl

b) 7;;(t) = 11 vdi moit >T + ﬁ néu dung quy tdc cap nhat mui MMAS.

Chiing minh. a) Ve > 0 ta can chiing minh

lim P(|’7’Z'7j(t) — ’7'1| > 6) = 0)

t—oo
Cong thic cap nhat mui dia phuong (8) c¢6 thé viét nhu saw: 7,; «— (1 — p)7j + p11 =
71+ (1 — p)(75,; — 71). Néu tur lan lap tht T t6i bude 1ap ¢ canh (i,7) duge cap nhat dia

phuong k lan thi 7, ; = 71 + (1 — p)k[Tm —71]. Do d6 ton tai kg dii 16n dé cho v6i moi k > k0
ta c6: |1i; — 71| = |(1 — p)¥[rij — 7]| < e. Ta sé ching minh

lim P(k < ko) = 0.

kh’Thq N - - .« Lo P - £ . . « L
i thi ta c6 danh gia sau doi véi xdc suat P(r; (7,7)) con kien
max

Thuyc vay, néu dat pg =
r ¢6 cap nhat dia phuong canh (,7) 6 mdi bude lap: P(r;(i,7)) > po > 0. Nén xac suat
P(r;—(1,7)) con kién r khong cap nhat dia phuong canh (7, )  mdi bude lap thod man

P(r;=(i,7)) <1—po=qo < 1. (17)

Gia st t = T + ¢ thi tit 1an lip thd T t6i t + g c6 thé xem nhu ¢6 mq con kién cap nhat dia
phuong ngau nhién canh (7, j) v6i xac suat khong cap nhat thod man (I7) trong bat cit dieu
kién nao. Lap ludn tuong tu nhu phép thit Becnouilli ta ¢6 danh gia
ko
P(k < ko) < lim gt =o. (18)

mq
i=1

b) Véit =T+ q taco

InL
7 < 7,(t) = max{(1 — p)7;;(T), 71} < max{(1 — p)ig*, 71},Vqg > —F—
In(1—p) -
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Dinh 1y 3.4. Gid st canh (i,5) € w(t),Vt > T thi cic khdang dinh sau ding
a) Néu cap nhat mui theo ACS th

o gw(T)) —n
tlfgoﬁﬂ( ) >7’1—|—pw. (19)
b) Néu cap nhat mui theo MMAS thi
lim 7, (t) > g(w(T)). (20)

Chitng minh. a) Ky hieéu k, 1a s6 lan cap nhat mui dia phuong ctia canh (i, 7) trong budc
1ap u, khi d6 ta c6: 7 (u+1) = (1—p)*+lr j(u)+ 30t (11— p)pri+ (1 - p)plg(w(T)) —71]
(c6 mot lan cap nhat toan cuc trong mai lan lap). Do g(w(t)) la ham don diéu tang theo ¢
nén ta suy ra

t—T
7i3(t) = (1= p) "7 (T +Z (1=p)pri+ Y (1= p)"plg(w(T)) — 7],
v=1

trong do q; = Zt’u:T—l—l(ku +1) va hy =15 hyp1 = hy + kp—pg2 + 1, v6i moi v > 2.
Béi vi k, < m v6i moi v nén t

t—T-1
7ig(t) 2 (1= p)7i,(T +Z (1—p)’pm1+ (1= )" Dplg(w(T) — ). (21)

S
Il
o

Lay gi6i han du6i khi ¢ dan ra vo han biéu thitc 20), lvu ¥ ring limy .o ¢; = oo ta c6 bicu
thic (19).

Khéng dinh b) chitng minh tuong tu nhd 1ay gidi han biéu thiic

t—T-1

7i5(t) > (L= p)" T (T)+ > (1= p) pg(w(T)). (22.)
v=0
Chu y. Cac cong thic (21I)) va [22)) trongching minh dinh 1§ nay cho ta uée lugng can dudi

clia g(w(t)).

4. THAO LUAN
4.1. Nhan xét chung vé cac thuat toan ACO

Nho két hop thong tin heuristic va thong tin hoc tang cuong nhd mo phéng hoat dong clia
dan kién, cac thuat toan ACO c6 céc uu diém noi troi sau:
1) Viéc tim kiém ngau nhién dya trén cac thong tin heuristic lam cho phép tim kiém linh hoat
va mém déo trén khong gian rong hon phuong phap heuristic sdn c6, do d6 cho ta 16i giai tot
hon va c6 thé tim dugce 16i gii t6i wu.
2) Su két hop hoc tang cuong thong qua thong tin vé cuong do vét mui cho phép ta ting
bude thu hep khong gian tim kiém ma van khong loai bo cac 10i gidi tot, do d6 nang cao chat
lugng thuat toan. Bay gio ta c6 cac nhan xét chung vé dic tinh khai thac va kham pha cta
cac thuat toan.
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4.2. Tinh khai thac va kham pha

Tinh khai thac 1a viéc tap trung tim kiém 10i gidi quanh pham vi ctia cac canh (i, j) thuoc
cac 1oi gidi t6t nhat da biét t6i thoi diém dang xét con tinh kham pha la tim kiém & cac pham
vi khac. Trong cach cap nhat mui G-best, ta da biét w(t) nén viéc tim kiém quanh né sé han
ché nhiéu tinh kham ph4 con khi cap nhat theo i-best sé md rong mién nay hon. Vi vay trong
thire hanh cap nhat theo i-best tot hon G-best.

Trong cac bai toan t6i wu t6 hop, thuong thi xéc suat dé mot phuong an cho trude duge
cac con kién tim duge trong mdi phép lap rat bé. Vi vay co thé sau mot sé budc lap cuong do
vét mui trén moi thanh phan clia né xac dinh theo cac cong thiic (8 - 11) s& bé va gidm kha
ning kham pha dude chiing mac du chiing c6 thé van rat hita hen thudc 16i gidi t6t. Chang
han, véi bai toan TSP ta c6 ménh dé sau.

Ménh dé 4.1. Trong bai todn TSP khong dinh hwdng, moéi chu trinh Haminton (duong lién)
qua canh (i,7) va khong qua canh (k,h) cé thé doi nhiéu nhdt 5 canh dé cé dudc chu trinh
di qua canh (k,h) ma khong qua (i, 7).

Chiing minh. Két luan ctia ménh dé dé dang nhan dude tit hinh dué6i day. Trong d6 chu trinh
gdm cac canh (dudng lién) lién qua (i, j) v nha ddi di 5 canh tuong tng {(m, 1), (n, k), (i, 5), (k, o), (p, h)}
thanh {(m, k), (n, 1), (i,0), (k, h), (p,j)} (dudng dit doan) sé dugc chu trinh di qua canh (k, h)
ma khong qua (i, 7). ]

Hinh 4.1. Hai chu trinh khac nhau 5 canh, dudng lién qua canh (7, j) va duong dit doan qua
canh (k, h).

Céc diém han ché cia ACO

1) Ménh dé trén cho thay khi thuat toan méi bat dau, cac vét mui khéi tao nhu nhau thi
mot canh (k, k) “t6t hon” canh (4, j) do né thudc chu trinh dai hon c6 thé ddo nguge mot cach
rat ngau nhien. Khi mot canh do ngau nhién ma khong dude cap nhat mui sau mot s6 bude
thi cuong do mui ctia n6 nhanh chéng bi gidm xudéng va khé dude cac con kién chon sau do6
mac diu “chat lugng” ctia n6 chua chac da 1a “xau”.

2) Néu khdi tao mui nhu nhau va khong dung thong tin heuristic thi xac suat ctia méi
canh dugc méi con kién da cho stt dung trong lan lap dau la 2/(n — 1), x4c suat nay rat bé
khi n 16n. Nhu vay tity theo titng loai bai toAn ma ty 1& giita 79 va 71 rat c6 y nghia dé can
bing gitta tinh kham pha va khai thac ctia thuat toan.

3) Cac lugng mui cap nhat theo cac cong thic (5.a), (5.b) hay (8)-(11) phu thudc vao gia
tri ham muc tiéu clia 10i gidi ma cac con kién xay dung dude trong cac buge lap. Viée xac dinh
cac gia tri 79 , 71 hay Tmin, Tmax cting phu thudc vao tuong quan véi cac gia tri chua duge xéc
dinh truée nay ciia ting bai toan thi thuat toan méi tét duge. Diéu nay rat kho thire hien.

Bay gi¢ ta sé binh luan cu thé hon vé ting thuat todn da néu.
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4.3. Cac thuat toan cap nhat miii theo quy tic ACS

Trong cach cap nhat mui toan cuc cia ACS theo [8] bdi cong thic [4] va (5.b) khong dam
béo cuong do vét mui théa man thuoc khodng [Tnin, Tmax], Vet mui clia nhiing canh khong
duge cac con kién st dung va khong thude duong di tot sé chong dan vé 0 va cac con kién sau
sé& ¢6 bo qua cac canh nay. Tuy vay, nhu da chi ra § trén, canh nay van c6 thé la canh tham
gia vao 10i giai “tot” ma bi loai do rti ro. Hién tugng nay lam gidm tinh kham pha ctia ACS,
vi thé hiéu qué ctia n6 kém MMAS [18].

Viéc chon quy téc cap nhat mui toan cuc trong [7] da khac phuc duge han ché nay nén
dén nay n6 duge thay cho cach cap nhat ¢ [8]. Tuy vay viec cap nhat dia phuong chua cho
thay 16 ¥ nghia clia hoc tang cuong.

4.4. Cac thuat toan cap nhat mii theo quy tic MMAS

Theo quy tic nay viec tim kiém chi tap trung quanh 16i gidi t6t nhat con cac canh khong
thuoc 161 gidi nay sé c¢6 cuong do vét mui nhanh chéng tut vé 7y, theo danh gia b) ctia Dinh
Iy 3. Vi vay khi 7uin nhé hon nhiéu so véi Tmay thi tinh kham pha kém con chon 7, gan véi
Tmax thi thuat toan chil yéu la tim kiém ngau nhién dira theo thong tin heuristic.

4.5. Deé xuat cac phuong phap cap nhat mui méi

Duta trén cac phan tich trén, hai quy tac cai tién ciia ACS va MMAS duge dé xuat nhu
sau: a) Phuong phdp cap nhat mui da mie: MLAS

Duta vao nhan xét 6 muc 4.3, thay cho viéc bay hoi vét mui & cac thanh phan khong thuoc
cac 10i gidi clia moi con kién trong m modi lan cap nhat mii ¢ moi bude 1ap ta cho 71 VA Tmax
tang dan. Do lech giita 71 VA Tiax cho phép ta dicu khién tinh hoi tu va kham pha. Néu thay
151 giai t6t 1t thay ddi thi cho 71 gan Tmax dé ting tinh kham pha va ngudc lai cho 71 dich xa
Tmax dé cho 16i gidi tap trung tim kiém quanh 15i gidi t6t nhat tim duge.
b) Phuong phdp Maz-Min tron: SMMAS

Dua vao nhan xét & muc 4.4, ta thay khong nén gidm vét mui 6 cac canh khong thuoc
16i gidi t6t qua nhanh nhu quy tdc MMAS ma nén dung quy tic Max-Min tron nhu sau:
ro e A s V(0. 7) € wlt)

PTmax s \V/(Z,j) gé w(t)

Trong hai phuong phap nay, SMMAS don gidn va dé dung hon nhung khong mém déo bang
MLAS.

Dé& dang kiém tra dugc céc thuat toan nay c6 ciing do phiic tap nhung MLAS c6 cliing do
phtic tap nhung it phép toan hon i ACS [7] vi khong phai tinh ham muc tiéu 6 lugng mui cap
nhat dia phuong va toan cuc, con SMMAS it phép toan hon MMAS vi khong phai so vét mui
V61 Tnin V& Tmax-

ATZ'J' = (23)

5. KET QUA THUC NGHIEM

Trong [4], két qua thic nghiém ctia mot thuat toan SMMAS va bién thé khac ciia MLAS
d6i véi bai toan lap lich san xuét cho thay thuat toan véi cac quy tic cap nhat mii nay t6t hon
ACS va MMAS. Dudi day gidi thieu két qua thiic nghiém so sanh ba phuong phap MMAS,
SMMAS va MLAS v6i 5 bo test eil51, kroA100, d198, 1in318 va rat783 véi s6 dinh tuong ting
la 51, 100, 198, 318 va 783 dinh. Day la cac bo test chuan ciia bai toan TSP duge Dorigo
va Stiitzle diing dé thyc nghiem va cong bo [8,18] (cac bo test lay tit dia chi [19]). Két qua
ciia MMAS trong Bang 1 1a két qua chay chuong trinh méi nhat ctia chinh tac gid Stiitzle,
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download tir dia chi [20], két qua chay theo chuong trinh nay tot hon két qua da cong bo trong
cac bai bao [8,18]. MMAS [18] khi cong b6 thi thiyc nghiem cho thay t6t hon ACS, hon nita
MMAS don gidn hon nén nhiéu ngudi ua dung.

Trong SMMAS va MLAS, cac tham s6 duge thiét dit nhu sauw: m = N/2; a = 1; 8 = 2;

N+50 N > 50
p = 0,05. Ngoai ra, trong SMMAS ti l¢ Z=ex dat bang N.k véi k = 100 N - 50’ viec
min <

diéu khién Tin, Tmax trong MLAS thuc hién nhu trong [4], thuc nghiem véi s6 lan chay va
s6 181 gidi nhu Stiitzle da lam [18]. Cu thé, véi cac test eil51, kroA100 va d198, ca 3 phuong
phap cho chay 25 lan, mdi lan cung chay véi s6 16i gidi S = 10000 x N (N la s6 dinh), hai
test 1in318 va rat783 chay 10 lan, mdi lan ciing chay véi s6 10i giai S = 10°, sau dé so sanh
két qua trung binh vi két qua t6t nhat clia cac lan chay.

Bdng 1. Két qué thiyc nghiém so sanh ba phuong phap MMAS, SMMAS va MLAS

Test MMAS SMMAS MLAS
cil51 426.44(0.10%) | 426.08(0.02%) | 426.00(0.00%)
426 | 428 126 | 427 426 | 426
kroA100 | 21304.40(0.11%) | 21305.76(0.11%) | 21289.70(0.04%)
21282 | 21378 | 21282 [ 21379 | 21282 | 21319
4198 15950.96(1.08%) | 15990.44(1.33%) | 15970.60 (1.21%)
15875 | 16034 | 15828 [ 16116 15902 | 16040
lin318 | 43106.30(2.56%) | 42445.80(0.99%) | 42438.10(0.97%)
42859 | 43376 | 42201 | 42873 | 42257 | 42639
rat783 8951.5(1.65%) | 8938.80(1.51%) | 8933.00(1.44%)
8920 | 8986 8868 | 8989 8904 | 8959

Két qua clia cac phuong phap véi ting bo test nam trong 6 giao gitta cot va dong tuong
ting. Trong d6 s6 ¢ trén bicu thi két qua trung binh va sb trong ngoic bicu thi do lech ctia két
qua trung binh véi két qua toi uu clia test do6, hai s6 & dudi 1an lugt 14 két qua t6t nhat va két
qua toi nhat trong cic lan chay. Két qua trung binh phan anh chat lugng ciia thuat toan con
cac két qua t6t nhat va tdi nhat dé tham khéo vé tinh kham phé clia né. Cac két qua dugc to
dam 1a két qua tot nhat trong 3 phuong phap.

Nhan xét: 1) So sanh két qud trung binh. Trong 5 test duge thuc nghiem c6 4 test MLAS cho
két qua trung binh tot nhat va SMMAS t6t hon MMAS. Chi duy nhét test d198 1a MMAS c6
két qua trung binh t6t hon SMMAS va MLAS nhung khong dang ké.

2) Két qud tot nhat. Trong 5 test duge thuc nghiem, c6 2 test v6i sé dinh nho (eil51 - 51 dinh,
kroA100 - 100 dinh) c& ba thuat toan déu tim duge 161 giai toi wu, 3 test sau thi SMMAS cho
két qua t6t hon MMAS va MLAS.

6. KET LUAN

Ta khao sat tinh bién thién ctia vét miii trong cac thuat toan ACO dién hinh, duya trén cac
két qua dat dude, dé xuat mot s6 hudng cai tién thuat toan ma hiéu qua ciia ching da dudge
thé nghiem cho mot s6 bai toan cu thé. Thic nghiém cho thay chiing cho 16i giai tét hon ACS
va MMAS. Tuy vay cac thuat toAn ACO van 1a thuat todn thyc nghiém nén viéc lya chon va
cai dat thuat toan phai dua vao timg bai toan cu thé.
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