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CHUONG I: TOI UU TO HOP

1. Bai toan t6i wu té hop tong quat.

Trong thuc té va khi xay dung cac hé thong tin, ta thuong gip cac
bai toan t6i uu to hop (TUTH). Trong d6 phai tim cac gia tri cho cac bién
rdi rac dé 1am cuctri ham muc tiéu nao d6. Pa s6 cac bai toan nay thudc 16p
NP-kho. Trir cac bai toan ¢& nho c6 thé tim 101 giai bang cach tim kiém vét

’
.....

can, con lai thi thuong khong thé tim duoc 10i giai tbi uu.
Péi voi cac bai toan ¢d 16n khong cé phuong phap giai ding, dén nay
nguoi ta van dung cac cach tiép can sau:
1)  Tim kiém heuristic dé tim loi giai du tét;
2)  Timkiém cuc bo dé tim 1oi giai téi vu dia phuong;
3) Tim Ioi giai gan dung nho cac thuat todn md phong tu nhién nhu: mo
phong luyén kim, giai thuat di truyén, t6i wu bay dan,...

Hai cach tiép can dau thuong cho 10i giai nhanh nhung khong thé cai
thién thém 1oi giai tim duoc, nén cach tiép can thir ba dang dugc st dung
rong rai cho cic bai toan c& 1on.

Trong c&c phuong phdp md phong tu nhién, téi vu dan kién (Ant
Colony Optimization - ACO) la cé&ch tiép can metaheuristic tuong d6i mdi,
duogc gidi thiéu boei Dorigo nam 1991 dang dugc nghién ctru va ung dung
rong rai cho cac bai toan TUTH kho.

Cac thuat toan ACO sir dung két hop thong tin kinh nghiém (he

uristic) va hoc ting cudng qua cac vét mui cta cac con kién nhén tao dé giai
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cac bai toan TUTH bang cach dua vé bai toan tim dudng di toi wu trén db thi
cdu triic tuong tmg cua bai toan. Phuong phap nay dugc ap dung rong rai dé
giai nhiéu bai toan khé va hiéu qua ndi trdi ciia chung so véi cac phuong
phap mo phong tu nhién khac da duoc ching t6 bang thuc nghiém.

Khi 4p dung cac thuat toan t6i wu dan kién thong dung nhu ACS va
MMAS, ngudi ta phai tim mot 101 giai du tét, trén co s d6 xac dinh cac
tham s6 cho can trén va can dudi ciia vét mui. Pidu nay gay nhiéu khé khan
khi ap dung thudt toan cho cac bai todn mdi. Ngoai ra, lugng mui cap nhat
cho mdi thanh phan trong d6 thi ty 18 véi gia tri ham muc tiéu cta 10i giai
chira n6 liéu c¢6 phan anh dung thong tin hoc tang cuong hay khéng ciing con
phai thao luan.

Viéc nghién ctru sdu hon vé cac thuat toan ACO va tng dung cta nd
dang dugc nhiéu ngudi quan tam. Tir nam 1998 dén nay, ctr 2 nidm thi co
mot hoi nghi quoc té vé phuong phap nay to chirc Brussels.

. Bai toan ngwoi chao hang (TSP).

Bai toan nguoi chao hang (Traveling Salesman Problem - TSP) a bai
toan TUTH dién hinh, duoc nghién ctu nhiéu va duoc xem 1a bai toan chuan
dé danh gia hiéu qua cac luoc do giai bai toan TUTH méi (xem [30,31]).

Bai toan dugc phét biéu nhu sau:

C6 mot tap gdm n thanh phé (hoic diém tiéu thu) € = {ci} n, 46 dai
duong di truc tiép tir ci dén cj 1a di,j . Mot ngudi chao hang mudn tim mot
hanh trinh ngan nhat tir noi ¢, di qua mdi thanh phd ding mot lan dé gioi
thiéu san pham cho khach hang, sau d6 trd vé thanh phd xuat phat.

Nhu vay, bai toan nay chinh 1a bai toan tim chu trinh Hamilton c6 do

dai ngan nhat trén d6 thi day du c6 trong s6 G = (, ), trong d6 1a tap dinh voi
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nhan 1 cac thanh phd trong C, 1a cac canh ndi cac thanh phéd tuong tmg, do
dai cac canh chinh 1a d¢ dai dudng di gitra cac thanh phé. Trong truong hop
nay, tap S sé la cac chu trinh Hamilton trén G, f 1a do dai cuaa chu trinh, Q la
rang budc doi hoi chu trinh 1a chu trinh Hamilton (qua tat ca cac dinh, mdi
dinh ding mot 1an), C 1a tap thanh phé duoc x.

(trang vai ), Co trung vai C, tap X 1a vecto d0 dai n: x = (xg, ... , Xn)
VO, ECI<

n, con X" 1a cac vecto trong d6 x; khac x; dbi vai moi cap (i, j).

Do d6, 16 giai t6i wu ctia bai toan TSP 1a mot hoan vi  cua tap dinh

{c1,c,..,cn} sao cho ham d6 dai f(r) 12 nho nhat, trong d6 f(rr) duoc
tinh theo (1.1):

f(m) =Yt d(n(i), n(i + 1)) + d(m(n), =(1)) (1.1) & day d(u, v) la
khoang cach tr u dén v.' ™

Bai toan TSP duoc xem [ bai toan chuan dé kiém dinh hiéu qua cua
cac phuong phép giai bai toan TUTH méi véi thu vién dit liéu chuan TSPLIB
(Reinelt, 1991) tai dia chi [77] (Dir liéu trong no s€ duogc sir dung trong luan
an nay).

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

Trén day cho thay cac bai toan TUTH c6 thé dua vé bai toan tim kiém

trén dd thi. Cac bai toan nay c6 thé giai ding hoac gan dung. Vi nhitng bai
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.....

toan c¢& nho hoic c6 dang dic biét ngudi ta ¢d thé tim 1o giai tdi vu nho tim
kiém vét can hoac bang mot thuat toan véi thoi gian da thire, duoc xay dung
dwa trén cac phan tich toan hoc. Nhiéu bai toan trong sé d6 1a NP-kho, nén
Vvéi cac bai toan c& 1on, nguoi ta phai tim 1oi giai gan dung. Cac thuat todn
giai gan dung cac bai toan TUTH kho thuong dua trén 3 k¥ thuat co ban:
heuristic c4u tric (construction heuristic), tim kiém cuc bo (local search) va

Metaheuristic.

3.1. Heuristic cu tric.

Khi khong thé tim dugc 161 giai t6i vu caa bai toan, trong thuc hanh
nguoi tatim 101 giai gan ding. Mot ki thuat hay duoc dung 1 heuristic cau
trac, trong do 10i giai cua bai toan TUTH dugc xay dung theo cach mé rong
tuan tu. Tur thanh phan khoitao trong tap Co ¢ muc 1.1, timg budc md rong
khong quay lui, bang cach thém vaocac thanh phan méi theo phuwong thirc
ngau nhién hay tat dinh dua trén cac quy tic heuristic dd chon. C4c quy tac
heuristic nay thuong dugc xay dung dua trén cac kétqua phén tich toan hoc
hodc kinh nghiém. Phuong phap heuristic cdu trac tham n sau day cho ta

hinh dung dugc cach tiép can nay (Hinh 1.1).

Procedure Heuristic ciu triic tham in;
Begin
sp +chon thanh phén 1o trong Co;
while (chwra x4y dyng xong & giai) do
¢ *GreedyComponent(sy);
Sp > 5spt
end-while
S > Sp:
Dua ra l&d giai s;

End;

Hinh 1.1: Phwong phap heuristic cau truc tham an
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Trong d6 GreedyComponent(s,) c6 nghia 1a chon thanh phan bé
sung Vvao s,theo quy tic heuristic da cd. Ky hiéu s, ~ ¢ 1a két qua phép
toan thém thanh phan cvao s,.

Dé& dang hinh dung phuong phap nay khi 4p dung thuat toan cho bai
toan TSP véi d6 thi day du va str dung quy tic heuristic ldng giéng gdn nhat
dé chon dinh thém vao (tc 1a chon dinh gn nhat chwa di qua dé thém vao
hanh trinh). Cac thuat todn ndy c6 uu diém 1a tbn it thoi gian chay nhung

nhuoc diém chinh 1a khong cai tién 101 giai dugc.

3.2. Tim kiém cuc b (local search).

K§ thuat tim kiém cuc bo hay con goi 1a tim kiém dia phuong, thuc
hién bang cach bat dau tir mot phuong an chap nhan duoc, 13p lai budc cai
tién 1oi giai nho cac thay do6i cuc bo. Dé thuc hién ky thuat nay, ta can xéac
dinh duoc cau trdc 1an can cua mdi phuong an (11 giai) dang xét, tac 1a
nhitng phuong an chap nhan dugc, gan véi nd nhat, nho thay doi mot sé
thanh phan. Cach thuong ding 12 1an can k-thay ddi, tac 13 1an can bao gom
cac phuong an chap nhan duoc khac véi phuong an dang xét nho thay doi
nhiéu nhét k thanh phan.

Vi du. Lan can 2-thay doi cia mot 1o giai s trong bai toan TSP bao
gom tat ca cac loi giai s ¢d thé nhan duoc tir s bang cach doi hai canh. Hinh
1.2 chi ra mot vi du mot 1oi 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 lap thuong chon theo phuong phap leo
ddi dua theo hai chién lugc: Chién luoc tot nhat va chién luoc tot hon. Vi

chién lugc tot nhat, ngudi ta thuc hién chon 1oi giai tot nhat trong lan can dé
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lam 10i giai cai tién. Tuy nhién, khi bai toan c& 16n cé thé khong tim duoc
loi giai tét nhat do bi han ché vé thoi gian. Con vai chién luge tét hon, ta
chon phuong an dau tién trong 1an can, cai thién dugc ham muc tiéu. Nhugc

diém caa tim kiém cuc bo 1a thuong chi cho cuc tri dia phuong.
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Hinh 1.2: Loi giai nhian dwoc nh thay 2 canh (2,3), (1,6) bang (1,3), (2,6)

Cac ky thuat trén thuong duoc két hop, tao thanh cac hé lai trong cac
phuong phap mo phong tu nhién duwa trén quan thé, chang han nhu thuat toan
di truyén (GA) hoic téi vu dan kién (ACO).

3.3. Metaheuristic.

Phuong phap metaheuristic 1a mot phuong phép heuristic tong quat
duogc thiét ké, dinh huéng cho céc thuat toan cu thé (bao gom ca heuristic
cau trdc va tim kiém cuc bd). Nhu vay, mot metaheuristic 1a mot luge do
thuat todn tong quét tng dung cho cac bai toan téi wu khac nhau, véi mot

chat sira doi cho phi hop véi ting bai toan.

Memetic 1a mot mo6 hinh theo phuong phap metaheuristic. Trong cac

thuat toan duoc thiét ké theo memetic, ngudi ta tao ra nhiéu thé hé quan thé
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loi giai chip nhan dugc. Trong mdi quan thé cua thé hé tuong ung, ta chi
chon ra mot s 151 giai (chang han 1o giai tot nhat) dé thuc hién tim kiém
cuc bo nham cai thién chat lugng. Qué trinh tién hoa nay cho ta tim duoc 1oi
giai tot nhat c6 thé. Hinh 1.3 mé ta mot thuat toan memetic str dung tinh toan

tién hoa (Evolutionary Computing - EC):

Proedure Thuit toan memetic-EC;
Begin )
Initialize: Tao ra quén thé dau tién;
while diéu kién dimg chua théa man do
Dénh gid céc ca thé trong cLuén thé;
Thuee hién tién hoa quén thé nhé cac toan tir cho tnirde;
Chon tép con fiy dé cai tién nhd thy tue tim kiém cuc bd;
for mdi ca thé trong fix do
Thuye hién tim kiém cuc b;
end-for . i
Chon phan ti tot nhat;
end-while; ) i
Pura ra 1o giai tot nhat;
End;

Hinh 1.3: Thuat toan memetic sit dung EC

Trong tng dung thyc té, cac thuat toan ACO thudng dugc két hop

véi tim kiém cuc bo theo md hinh memetic nay.
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CHUONG II: XAY DUNG THUAT TOAN PAN
KIEN

Loai kién 1a loai sdu bo c6 tinh chat x& hoi, ching sdng thanh ting
dan, bai vay c6 sy tac dong 1an nhau, ching thao tim kiém thirc an va hoan
thanh nhiing nhiém vu tir kién chi huy. Mét diéu tha vi trong tim kiém thic
an cua vai con kién dic biét 1a kha nang ciia ching dé tim kiém duong di
ngan nhat gitra t6 kién va nguén thire an. Trén thyc té, diéu dé nhan thay c6
trong suy nghi nhung nhiéu con kién hau hét khéng nhan ra vi ching khong

ding thi giac dé tim kiém nhitng dau méi thirc an.

Tat ca moi con kién hau nhu 1a mu, ching chi ¢6 thé tuong tac véi
nhau va véi méi truong bang cach sir dung pheromone: di dén dau chiing xit
pheromone ra dén day. M&i mét con kién tai mdi vi tri quyét dinh huéng di
tiép theo dya vao nong do pheromone cua cac huéng. Tai vi tri ma néng do
pheromone xung quanh déu bang nhau hoic khéng c6 pheromone thi chiing
s& quyét dinh hudéng di mot cach ngau nhién. Ctir nhu vay thi cac con kién ctr
di theo budc chan cta nhau va tao thanh mot duong di (path). Ta xét trurong

hop t kién & vi tri 1 va ngudn thirc dn & vi tri 2 nhu hinh vé
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Gia sur tai thoi diém ban dau c6 2 con kién ra di tim thirc an. Vi ban dau chua
c6 pheromone nén ching chon 2 hudng di khac nhau mot cach ngau nhién.
Mot hudng c6 duong di dén ngudn thace an dai hon hudng kia. Trong giai
doan dau cac con Kién di sau s& cam nhan thay nong do pheromone cia ca 2
hudng 1a nhu nhau nén ciing chon di theo mét trong 2 hudng mot cach ngau
nhién. Tuy nhién duong di ngan hon 1am cho khoang thoi gian di chuyén tir
t6 dén nguon thic an roi quay tré lai cia mdi con Kién theo con dudng do
cling ngan hon va do d¢6 mat do di chuyén qua lai ctia dan kién tai mdi vi tri
ctia con dudng ngan sé cao hon con duong dai. Do mat do qua lai 16n hon
dan dén két qua 1a ndng d6 pheromone trén con dudng ngan cang ngay cang
cao hon con dudng dai. Két qua cudi cung 1a dan kién ngay cang tir bo con
duong dai va di theo con dudng ngan. Bén mot luc nao d6 s& khéng con con

kién nao di theo con duong dai nira ma tit ca déu di theo con dudng ngan.

10
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Thuét toan dua trén hoat dong cua dan kién cd mot sb bién thé. Dang
don gian nhat goi 1a AS (Ant System). Thuat toan nay chi dung dé giai quyét
bai toan tim dudong. O muc cao hon 13 thuat toan ACO (Ant Colony

Optimization).

1. Tir nhitng con kién trong tw nhién téi thuat toan ACO.

Thuat toan ACO lay y tudng tir viéc kiém thic an cua dan kién ngoai
thuc té dé giai quyét cac bai toan téi vu td hop. Ching dua trén co s& mét
dan kién nhan tao, chiing dugc tinh todn tim kiém thac dn nho mui la nhan

tao.

CAu trac co ban cua thuat todn ACO: trong mdi thuat toan, tat ca kién
di xay dung cach giai quyét bai toan bang cach xay dung mot do thi. Mdi
canh cua d6 thi miéu ta cac budc kién c6 thé di duoc két hop tir hai loai thong

tin hudng dan kién di chuyén:

Thong tin kinh nghiém (heuristic information): gigi han kinh nghiém

ru tién di chuyén tir ndt r t6i s...cua canh as. N6 duge danh dau boi 1.

11
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Thong tin nay khong duoc thay ddi bai kién trong sudt qué trinh chay thuat

toan.

Thong tin mui la nhan tao (artificial pheromone trail information), no
gidi han “nghién ctiu su thém mudn” cta chuyén dong 1a kién nhan tao va
bat chudc mii la thuc té cua dan kién ty nhién. Théng tin nay bi thay doi
trong sudt qué trinh thuat toan chay phu thudc vao cach giai quyét dugc tim
thay boi nhitng con kién. N6 duoc danh dau béi ts.

Gidi thiéu cac buéc anh huang tir nhitng con kién that vao ACO. C6
hai van dé can cha y:

- Ching triru twong hod vai mé hinh thuc an cta kién ngoai thuc té dé

tim ra duong di tim kiém thac an ngan nhét.

- Chlng bao goém vai dic diém khdng gidng véi tu nhién nhung lai
cho phép thuat toan phat trién chaa dung cach giai quyét tét toi bai toan bi
can (vi du: sir dung théng tin kinh nghiém dé huéng dan chuyén dong cua
Kién).

Cach thuc hoat dong co ban cia mot thuat toan ACO nhu sau: m kién
nhan tao di chuyén, dong thoi va khong dong bd, qua cac trang thai lién ke
ctia bai toan. Sy di chuyén nay theo mot tap quy tic lam co s tir nhitng ving
thong tin c6 san & cac thanh phan (cac nat). Ving thdng tin nay bao gom
thong tin kinh nghiém va thong tin mui la dé hudng dan tim kiém. Qua su di
chuyén trén d6 thi kién xay dung duogc cach giai quyét. Nhirng con kién sé&
giai phong mui la & mdi lan ching di qua mot canh (két néi) trong khi xay
dung cach giai quyét (cap nhat timg budc mui la truc tuyén). Mai lan nhitng
con kién sinh ra cach giai quyét, né dugc danh gia va no co thé tao ludng

mui la 1 hoat dong cua chét luong cua céch giai quyét caa kién (cap nhat lai

12
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mui la truc tuyén). Thong tin ndy s& hudng dan tim kiém cho nhitng con kién

di sau.

Hon thé nira, cach thtc sinh hoat dong cua thuat toan ACO bao gém
thém hai thu tuc, sy bay hoi mui la (pheromone trail evaporation) va hoat
dong la (daemon actions). Su bay hoi ctia mui la dugc khai su tir moi truong
va nd duoc st dung nhu 1a mot ki thuat dé tranh tim kiém bi dung lai va cho
phép kién khao sat ving khdng gian mégi. Daemon actions 1a nhitng hoat
d6ng tdi wu nhu mot ban sao ty nhién dé thuc hién nhitng nhiém vu tir mot

muc tiéu xa téi ving cua kién.

2. Gigi thigu vé thuat toan

Céc thuat toan kién 1a cac thuat toan dua vao sy quan sat cac bay kién
thuc. Kién 1 loai ca thé song bay dan. Chung giao tiép voi nhau thong qua
mui ma ching dé lai trén hanh trinh ma ching di qua. Mbi kién khi di qua
mot doan duong s€ dé lai trén doan d6 mot chat ma ching ta goi la mui. So
luong mui sé& ting 1én khi ¢6 nhiéu kién cing di qua. Cac con kién khac sé
tim duong dua vao mat do mui trén duong, mat do mui cang 16n thi ching
cang c6 xu hudng chon. Dya vao hanh vi tim kiém nay ma dan kién tim duoc
duong di ngin nhat tir t6 dén ngudn thirc dn va sau d6 quay trd to cia minh.

Sau day 1a vi du vé ludng di ctia dan kién thuc té.

13
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Xem hinh 2a 12 giai thich rd tinh hudng trong hinh 1b.

Gia sir khoang cach DH=BH=DB qua C va =1, C la diém nam giita B
va D(hinh 2a). Bay gio chung ta xem xét diéu gi xay ra tai nhiing khoang
thoi gian roi rac: t=0, 1, 2... Gia dinh réng 30 con kién méi di tir A dén B,
30 con tir E dén D, mdi kién di chuyén véi tbe d6 mot don vi thoi gian va
khi di chuyén kién dé tai thoi diém t mot vét pheromone voi né)ng dolal.
Dé don gian chung ta xét luong pheromone bay hoi hoan toan va lién tuc
trong khoang thoi gian (t+1, t+2).

Tai thoi diém t=0, thi khong c6 vét mui nao trén canh va c6 30 kién &
B, 30 & D. Viéc lua chon duong di ciia chuing ta ngau nhién do dé, trung binh

tir mdi niat ¢o 15 con kién s& di dén H va 15 con sé& di dén C (hinh 2b)

Tai thoi diém t=1, 30 con kién mdi di tir A dén B, luc ndy né s& chon
huéng dén C hodc hudng dén H. Tai huéng dén H c6 vét mui 15 do 15 con
kién di tir B dén H, tai hudng dén C c6 vét mui 30 do 15 kién di tir B dén D
va 15 con di tir D dén B thong qua C (hinh 2¢). Do d6 kha ning kién hudng
dén chon dudng dén C, do d6 sb kién mong mudn di dén C s& gap doi s6 kién
di dén H (20 con dén C va 10 con dén H). Tuong tu nhu vay cho 30 con kién
méi di tir D dén B.

Qua trinh s& lién tuc cho dén khi tat ca kién s& chon dudng di ngan

nhét.

Trén day ching ta mo ta hanh vi tim kiém cta bay kién thuc.Sau day

, chung ta s€ tim hi€u sau hon vé cac thuat toan kién.

Thuat toan t6i wu bay kién (ACO) nghién ctru cac hé théng nhan tao
dwa vao hanh vi tim kiém cua bay kién thyuc va dugc str dung dé giai quyét
cac van dé vé toi uu roi rac.Thudt toan bay kién siéu tim kiém(ACO
meta_heuristic) 1an dau tién dugc Dorigo, Di Caro va Gambardella dé xuat

vao nam 1999.
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Dé tai: Thuat toan Kién

Metaheuristic 1a mot tap cac khai niém vé thuét toan dugc st dung dé
xéac dinh cac phuong thirc tim kiém thich hop cho mdt tip cac van dé khac
nhau. Hay noi cach khac, mot siéu tim kiém ( meta-heuristic) c6 thé coi 1a

mot phuong thirc tim kiém da nang.

ACO la mot meta-heuristic, trong d6 mdt tdp cac con kién nhan tao
phéi hop tim kiém céc giai phap tot cho cac van dé vé tdi uwu roi rac. Sy phi
hop la yéu t ¢6i 11 cua cac thuat toan ACO. Céac con kién nhan tao lién lac

voi nhau thong qua trung gian ma ta thuong goi 1a mui.

Céc thuat toan ACO dugc sir dung dé giai quyét cac van dé vé ti uu
t6 hop tinh va dong. Cac van dé tinh 1a cac van dé ma & d6 cac dic tinh cua
van dé 1a khong thay do6i trong sudt qua trinh giai quyét van dé. Con cac van
dé dong thi nguoc lai 1a mot ham cac tham s6 ma gi tri ciia nd 1a dong hay
thay doi trong qua trinh giai quyét van dé, vi du bai toan ngudi dua thu 1a

mot van dé dynamic problem

Hé théng ACO lan dau tién duge Marco Dorigo gidi thiéu trong ludn
van ctia minh vao nam 1992, va duoc goi la Hé thong kién (Ant System, hay
AS). AS 12 két qua ciia viéc nghién ciru trén hudng tiép can tri tué may tinh
nham t6i vu t6 hop ma Dorigo duoc hudng dan & Politecnico di milano voi
su hop tac ctia Alberto Colorni va Vittorio Maniezzo. AS ban dau duoc ap
dung cho bai toan nguoi du lich (TSP) va QAP

Ciing vao nam 1992, tai hoi nghi su séng nhén tao 1an dau tién & chau
Au , Dorigo va cac cong su da cong bd bai: su tdi vu duoc phan bd bsi dan
kién.

Tiép theo tai hoi nghi quéc té thir hai vé giai quyét cac van dé song
song trong ty nhién & Ha Lan (1992), 6ng va cac cong su dd cong bd bai:
nghién ciru vé cac dic tinh cia mot giai thuat kién.

Ké tir nam 1995 Dorigo, Gambardella va Stiitzle d& phat trién cac so
d6 AS khac nhau. Dorigo va Gambardella dd dé xuat Hé théng bay kién (Ant
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Dé tai: Thuat toan Kién

Colony System, hay ACS) trong khi Stiitzle and Hoos d& xuat MAX-MIN
Ant System (MMAS). Tét ca déu ap dung cho bai toan nguoi du lich d6i
xtng hay khong ddi ximg va cho két qua m§ méan. Dorigo, Gambardella and

Stiitzle ciing dé xuét nhimg phién ban lai ciia ACO véi tim kiém dja phuong.

Vao nam 1995, L.M. Gambardella va M. Dorigo d3 dé xuat hé thong
Ant-Q, 1a mdt cach tiép can hoc tang cuong cho cho bai toan TSP.Va né

dugc &p dung trong Hoc May.

Tiép d6, vao nim 1996, trong bai bao céng nghé cia minh tai
Bruxelles M. Dorigo va L.M. Gambardella d3 cong bd hé théng Ant Conoly
System. Pay 1a hé théng dé cap dén cach hoc phdi hop ap dung cho bai toan
TSP.

Ciing trong nim 1996 nay, T. Stiitzle va H. H. Hoos di dé xuét hét
thong Max-Min Ant System . Pay la mot hé thong cai tién hé thong
AntSystem ban dau va dugc danh gia 1a hé thdng tinh toan trong twong lai.

Sau do, vao nam 1997, G. D1 Caro va M. Dorigo da dé xuét hé théng
AntNet. Day 1a cach tiép can vé dinh hudng sy thich nghi. Va phién ban cubi
cung cua hé thong AntNet vé diéu khién mang truyén thong da dugc cong

bd vao nim 1998.

Ciing trong nam 1997, hé thong Rank-based Ant System, mot hé thong
cai tién hé thong kién ban dau vé nghién ctru hé thdng tinh toan da duoc dé
xuat boi B. Bullnheimer, R. F. Hartl va C. Strauss. Phién ban cudi cung cua
hé thong nay duoc cong bd vao nim 1999.

Vao nam 2001, C. Blum, A. Roli, va M. Dorigo di cho cong b vé hé
théng kién moi 1a Hyper Cube — ACO. Phién ban mé rong tiép d6 da duoc
cong bd vao nam 2004.

Hau hét cc nghién ctru gan day vé ACO tap trung vao viéc phat trién
cac thuat toan bién thé dé 1am tang hiéu ning tinh toan cua thuat toan Ant

System ban dau.
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Dé tai: Thuat toan Kién

Trén day 1a so lugc chung vé cac thuat toan kién, muc ti€p theo s€ mo

ta vé so d6 chung cua thuat toan kién.

3. So' 6 chung thuit toan dan kién

Procedure ACO
Initial();

While (DK durng) do
ConstructSolutions();
LocalSearch(); /*Tuy y, c6 thé c6 hodc khong
UpdateTrails();

End;

End;

trong do:

PK ding (tirc 1a diéu kién ding) 1a diéu kién dat dugc khi thuat toan &
trang thai két thuc. Vi bai toan ngudi dua thu thi DK dung 1a diéu kién dat
dugc khi sd vong lap cta thuat toan = s vong lip 10n nhat do ngudi ding
tu dinh nghia hodc la tat ca dan kién déu di theo mot duong (tic la duong di

ngan nhat).

ConstrucSolutions() 1a ham xay dung mét giai phap co6 thé theo phuong
phap siéu tim kiém(meta-heuristic), voi bai toan ngudi dua thu thi d6 1a ham
xdy dung chu trinh cho mdi kién .

UpdateTrails() 12 ham cap nhat mui cho hanh trinh ma kién da di qua.

LocalSearch() 1a ham tim kiém dia phwong, gitip tim ra t6i uu cuc bo.
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/ BE"'xtifféu /

Khéi tao cdc diéu kién ban dau cho
quan thé kién

l<

Xay dung phueong an

!

Cap nhat mu1

+

Cac hoat dong khac (DaemonActions)
(Tuy chon)

KEL th No

Tré lai phueong 4n tot nhat

-
C Két thuac )

Hinh 3. So d6 chung cua thuat toan bay kién

4. Cac bwéc giai quyét bai toan dan kién
Tir thuat toan trén ta c6 thé rut ra cac bude giai quyét mot bai toan

tmg dung véi thuat toan dan kién:
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Dé tai: Thuat toan Kién

Budc 1: Thé hién bai toan trong khung cua tap cac thanh phan va su
chuyén d6i hoac bai mot d6 thi duoc danh du boi kién dé xay dung céch
giai quyét.

Budc 2: Pinh nghia thich hop cho mui la ts 1a mot xu hudng quyét
dinh. D6 1a mét budce cha yéu trong viéc hinh thanhg thuat toan ACO va xac
dinh rd mui la khéng 1a mot nhiém vu tam thuong va né tinh toan yéu cau
bén trong cua bai toan sau dap an.

Budc 3: Dinh nghia thich hop kinh nghiém cho mdi quyét dinh dé
mét con kién co thé xay dung céch giai quyét, vi du: dinh nghia thong tin
kinh nghiém n.s két hop mdi thanh phan hozc trang thai chuyén doi. Thong
tin kinh nghiém chu yéu cho viéc tim kiém tét néu thuat toan tim kiém viing
khong c6 san hodc khong thé ang dung.

Budc 4: Néu thuc hién duoc, tao ra mot ving thuat toan tim kiém hiéu
qua cho bai toan sau dap an bai vi két qua cua nhiéu tng dung ACO cho bai
toan t6 hop tdi wu NP-hard thé hién qua sy tim kiém tét nhat dat dugc khi
ACO c6 vung lac quan.

Budc 5: Lua chon mot thuat toan ACO va rng dung nd vao nhirng bai
toan can giai quyét.

Budgc 6: Cac tham sé phi hgp cua thuat toan ACO. Mot diém bét dau
t6t cho tham sé phu hop 1a st dung cai dat tham sé dé tim kiém tét khi ang
dung thuat toan ACO vao bai toan don gian hoac cac bai toan khac nhau.
Mot van dé khac chi phdi thoi gian trong nhiém phu hop 1a dé sir dung tha
tuc dong cho tham sé phu hop.

N6 nén xo4 cac budc tiép cd thé chi dwa ra mot huéng dan sir dung

thuat toan ACO. Thém nira, viéc st dung 1 su két hop cac qué trinh & d6 véi
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Dé tai: Thuat toan Kién

vai bai toan sau hon va hoat dong cua thuat toan, vai lya chon ban dau can
phai sira lai. Cubi cling, chiing ta mudn trén thyc té, diéu quan trong nhat cua
cac budce 1a dau tién phai khép boi vi lva chon toi 6 trang thai nay tinh khéng

thé tinh v&i mot tham sé géc phul hop tt.
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5. Cac so' dd thuat toan khac phat trién trén mé hinh ACO

Nhiéu thuit toan di dugc dua ra dua trén mo hinh thudt toan
metaheuristic ACO. Trong cac mo hinh dua ra dé giai quyét cac bai toan t6
hop t6i wu NP-Kho sau day xin trinh bay chi tiét vé 5 mo hinh. Cac mé hinh
nay la phat trién dya trén mo hinh thuét todn ACO cu thé trinh bay & phan
trén. Theo cac nghién ciru cho thiy khi sir dung thuat toan bay kién néi chung
cac thong tin pheromone va heuristic c6 thé ap dung cho cac nat hodc canh
ndi. Trong cac thuat toan dua ra sau day thi thong tin pheromone va heuristic

chi gan v1 cac canh ma thoi.

5.1. Thuat toan Ant System (AS)

Puogc phat trién boi Dorigo, Maniezzo va Colorni nam 1991, 13 thuat
toan ACO dau tién. Ban dau c6 3 bién thé khac nhau 1a: AS-Density, AS-
Quantity va AS-Cycle khac nhau bdi cach thic cdp nhat thong tin

Pheromone.
Trong do:

> AS-Density: Thi dan kién s& dat thém pheromone trong qué trinh
xay dung 101 giai (online step-by-step pheromone update), lugng pheromone

dé cap nhat [a mot héng $0.

> AS-Quantity: Thi dan kién s& dat thém pheromone trong qua trinh
xay dung 101 giai (online step-by-step pheromone update), luong pheromone
dé cap nhat 1a phu thudc vao dd6 mong mudn (thong tin heuristic) v6i doan

dudng di qua n;.
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» AS-Cycle: Thong tin pheromone s€ dugc cap nhat khi 101 giai da
hoan thanh (online delayed pheromone update). Py 1a mé hinh cho két qua

tdt nhét va dugc coi nhu 1a thuét toan AS.

¢ Quy tac di chuyén cuia kién

Trong thuat todn AS, kién xay dung mot duong di bit dau tai mot dinh

duoc chon ngau nhién.

Tai dinh i, mot con kién k s& chon dinh j chua dugc di qua trong tap
lang giéng cua i theo cong thic sau:

py = {r""'ﬂqj}g _ . je N} (2.1)
- Zre_-vf{rﬁ} (17, )

Trong do:
;:rij" : x4c suat con kién k Iyra chon canh (1))
T : nong d¢ vét mui trén canh (1))
o : hé s6 diéu chinh anh hudmg cua 7
up : thong tin heuristic giup danh gia chinh xac

Su lya chon cua con khi quyét dinh di tir dinh i qua dinh j va duoc tinh

theo cong thuc:

1
n, = - (2.2
i
d; : khoang cach gitra dinh 1 va dinh j
i : hé 86 diéu chinh anh hudng cua 77,
N} . tap cac dinh lang giéng cua 1 ma con kién k

chua di qua
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< Quy tdc cdp nhdt thong tin mui

Trong qua trinh di chuyén tim duong di cta dan kién, ching thuc hién
cap nhat théng tin mui trén nhitng doan dudng ma ching di di qua. Gan voi
mdi canh (i,j) ndng do vét mli t; va thong sé heuristic n;; trén canh do.

Ban dau nong do mui trén mdi canh (i,j) duoc khai tao mot hang sé c,
hoac dugc xac dinh theo cong thuc:

m

T, =1, :F

I

NG (23)

Viéc cap nhap pherpmone duoc tién hanh nhu sau:

>  DAu tién tat ca pheromone trén cic cung s& dugc giam di boi

mot luong:

T, < (1- p).rﬂ. (2.4)

Véi p trong khoang (0,1) 1a téc d6 bay hoi ciia pheromone.

> Tiép theo mdi con kién trong dan sé& dat thém mot luong thdng
tin pheromone trén nhitng cung ma ching da di qua trong hanh trinh cta

chung.

Trong d6: deta t;; 1a lugng pheromone ma con Kién k dt Ién canh ma

n6 da di qua va duogc tinh nhu sau:
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' 1/ C", néukiénk qua cung (i)

T = 2.6
/ 0, nguoc lai (2.6)

Véi: C* 1a do dai duong di cua con kién tha k sau khi hoan thanh

duong di, tic 12 bang tdng céc cung thudc dudng di ma kién di di qua.

5.2. Thuat toan Ant Colony System (ACS)
Phat trién tr thuat toan AS

+» Quy tic di chuyén cia kién

Trong thuat toan ACS, con kién k dang ¢ dinh i, viéc kién chon dinh j dé di

chuyén dén duoc xac dinh bang quy luat nhu sau:

>
>
>

Cho g, 12 mét hang sb cho trudce (0<qe<1)

Chon ngau nhién mat gia tri q trong khoang [0,1]

Néu g<q kién k chon diém j di chuyén tiép theo dua trén gia tri 16n nhat
cua thoéng tin mui va thdng tin heuristic c6 trén canh twong ng vai cong

thuec:

j=arg, rrm::c(z;.f (n,) ) (2.7)

Néu g>qo kién k s& chon dinh j chua duoc di qua trong tap lang giéng cua

| theo méot quy luat phan bd xac xuat duoc xac dinh theo cong thirc sau:

S (7 .
S S A A

» Quy tdc cdp nhdt thong tin mui
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Cap nhat thdng tin mui toan cuc:
Mot con kién c6 dudng di tt nhat sau mdi 1an lip thi duoc phép cap
nhat thdng tin pheromone. Viéc cap nhat duoc thuc hién theo cdng thic sau:
T, «(1-p, +pAT;  (28)
Cap nhat théng tin mui cuc bo:

Cong thtrc sau:

, «(1-p), +pr, (2.9)

Véi p: 1a tham s6 bay hoi nam trong khoang (0,1)

0 =1/(NCo)

n: 1a s6 dinh hay 1a s6 thanh phé

Cum: chiéu dai hanh trinh cho béi phuong phap tim kiém gan nhat

5.3. Thuat toan Max—Min Ant System (MMAS)

DPuogc phat trién boi Stutzle va Hooss vao nim 1996, dugc mé rong
lén tir hé théng AS. Luat di chuyén cta kién duoc thuc hién tuong tu nhu

trong thuat toan ACS
< Quy tiic cdp nhdt théng tin mii

Thuat toan MMAS thuc hién viéc cap nhat thong tin mui khi toan bo

kién trong dan hoan thanh 15i giai va luong théng tin mui chi cip nhat trén

.....
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tin mui trén cac canh thudc loi giai t6i wu véi mot luong duoc xac dinh tai
cong thuc (2.4).
Luong pheromone trén mdt canh dugc xac dinh nhu sau:
T, T, + AT
. Ag :;ﬁ_r _ {l ! Cm-: néu kién qua canh (i.j)
ngugc lai

Chest 12 d6 dai duong di ngdn nhét cta con kién thtr k sau khi ca dan
hoan thanh duong di.

«* Khdi tao va khai tao lai thong tin mui

Thuat toan MMAS da thém vao gid tri can trén va gia tri can dudi cho
thong tin pheromone goi 1a 7min VA Tmax

Sau mdi 1an cap nhat gia tri théng tin mui Tij néu 7ij< Tmin thi s€ gan
Tij = Tmin va néu Tij > Tmax thi gan Tij = Tmax

Gi4 trj can trén ma thudng duoc thiét 1ap véi cong thirc sau:
=1
Fmax = / p Cbest

Gi4 tri can duo1 min dugc xac dinh bang cong thirc:
Tmin = Tmax /2n

5.4. Thuat toan Rank-Based Ant System (RBAS)

Pay ciing 12 mot thuat toan duoc mo rong phét trién tir hé thong AS dua ra

b1 Bullnheimer, Hartl va Strauss vao nam 1997. Thuat toan nay dua vao y

tudng xép hang cho cac 10i giai khi thuc hién cap nhat pheromone. Cu thé

nhu sau:

> Pau tién, m con kién duoc xép hang theo thtr ty giam dan dya theo chat
luong 101 giai ma no6 thu duoc. Vi du: (Si, Sz, ... Sm1, Sm) trong d6 S; 12

phuong an tét nhat.
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> Pheromone chi dugc dit thém trén cac cung ctia 6 -1 con kién c6 10 giai
t6t nhat. Luong pheromone ciing phu thudc truc tiép vao thi hang sip

xEp cua con kién.

» Cac doan duong di cua loi giai tdt nhat duoc nhan thém mot lugng

pheromone phu thudc vao chat luong 161 giai.
Céc cong thirc nhu sau:
T, <1, +0. AT + AT,

1:(C(Sglobal—best ))’ ars < Sglobal—best

Trong dé AT® = o
0, trai 1*1.

Va

2(0—;1). f(C(S.))  anes,

0, trai I*1.

rank __
Az-rs -

Toém tit tha tuc cap nhat pheromone cua thuat toan nay:

1 Procedure daemon_actions

2 for each S, do local_search (S,) {optional}

3 rank (S,,..,S,) indecreasing order of solution
quality into (s;,...,S,)

4 If (beSt (Sl ! Sglobal—best ))

5 Sglobal—best = S1

6 end if

7 for u=1t0 o-1 do

8 for each edge a, e S, do

9 t =t +(o—p)-F(C(S,))
10 end for

11 end for

12 for each edge a, € S g, 0O
13 Trs =Trs to. f (C<Sglobal—best))
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14 end for
15 end Procedure

5.5. Thuat toan Best-Worst Ant System(BWAS)

Thuat toan dugc dua ra bd1 Cordon vao nam 1999. Thuat toan nay bao
gém mot thudt todn mé rong khac ctua AS 1a MMAS (vé luét di chuyén va
viéc bay hoi cua pheromone). Bén canh do6 trong thuat toan nay con quan
tAm t&i cua viée toi wu cuc bd mot cach hé théng dé nang cao chat luong 161
giai ctia con kién. Trong thuat toan BWAS c6 3 daemon action thém vao
gdm co:
> Pau tién, ap dung luat c6 tén best-worst pheromone update dé ting cuong
pheromone trén cac doan duong di qua boi 101 giai tét nhat toan cuc
(global best solution). Thém vao d6 luat nay s€ phat nhitng canh cua 101
giai toi nhat trong 1an 13p Scurrent-worst.

> Ap dung Pheromone trail mutation dé di theo cac hudng khac nhau trong
qua trinh tim kiém.

> BWAS c6 co ché khai tao lai thong tin pheromone khi thuat toan bi dinh
tr¢, bang cach thiét 1ap pheromone trail cho tat ca cac thanh phan bang ™

M6 hinh thu tuc Daemon action cua thuat toan BWAS nhu sau:

1 Procedure daemon_actions
2 for each S, do local_search (S,)

S.urent_neq = DESL_solution (S,)

If (beSt (Scurrent—best U Sglobal—best ))
Sglobal—best = Scurrent—best

end if

for each edge a, e Sy e O

T =T+ P.f (C(Sglobal—best))
SUM=SUm + .

© 00 NO O &~ W
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10 end for
sum
1 Firesild = |Sglobad —best|
12 Seurrent_wort = WOTrst _solution (S,)
13 for each edge a, €S, v ANA 8 S a1 pes dO
14 7., =1-p).7,
15 end for
16 mut = mut (it, 7y, e )
17 for each nut/component re{l,...,I} do
18 z = generate_random_value in_[0,1]
19 if (z<=P,)
20 s = generate_random_value in [1,..., 1]
21 a = generate_random_value in_[0,1]
22 if @=0) r,=r,+mut
23 else 7, =r,—mut
24 end if
25  end for
26 if (stagnation_condition)
27 for each a, do r =7,
28 end if

29 end Procedure

Muc nay chi dua ra 5 mé hinh thuét toan ACO phat trién tir hé thong
Ant System. Nhung d6 chi 1a mot s6 cac dang tiéu biéu cia thuat toan ACO,
con ton tai rat nhiéu cac bién thé khac. Va trong d6 an sé& ap dung thuit toan
theo md hinh hé théng MMAS d¢ giai bai toan CPMP. M6 hinh thut toan

MMAS la mot trong cac thuat toan hiéu qua nhét cta cac thuét toan bé‘ly kién.
6. Thuét toan dan kién song song

Tur so dd giai thuat ta nhan théy cac ca thé kién trong giai thuat 1a rat doc
1ap v6i nhau va vi vay y tudng song song don gian va hiéu qua nhat 1a phan

chia kién ra cac b xu 1y khac nhau , cac bd xur Iy manh c6 thé nhan nhiéu
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kién, cac bo xur ly yéu hon s& nhén it kién hon. Viéc phan chia nhu vay s€
lam ting hiéu suat cta giai thuat,tuy nhién khi toi budc cap nhap ma tran mui
cac bd xir Iy can phai trao ddi dit liéu véi nhau, tuy vao thong tin dugce trao
d6i va mo hinh cac bo xir 1y ma ta co cac kiéu thuat toan song song khac

nhau va cac tham sb khac nhau cho giai thuét.
All-to-all topology:Cac cum kién gui thong tin téi tit ca cac cum kién khac

(Directed or undirected) ring topology: trong mé hinh directed ring colony
cum kién (z +1 mod p) + 1 1a hang xém ctia cum i cho tat ca cac cum kién
va trong mé hinh undirected ring colony cum kién (i - 1 mod p ) + 1 1a hang
x6m caa cum Kkién

i cho tat ca cac cum kién.

Hypercube topology: M hinh ndy yéu cau c6 p = 2k cum kién va mdi
cum kién | 1a hang xém vai cum kién j néu va chi néu kiéu biéu dién nhi
phan caa i va j chi khac nhau 1 bit. Vi vay mdi cum kién chi c6 k hang xém.
Random topology: Trong md hinh nay cac hang xém caa mdi cum kién duoc
dinh nghia mot cach ngau nhién trong mdi budc trao d6i théng tin .C6 nhiéu
phuong thirc xac dinh hang x6m ngau nhién trong trudng hop nay

Ciing c6 thé phan biét cac giai thuat vai nhau bang loai théng tin gui nhan

qua mdi budc lap.

Loi giai: Trong chién thuat nay cac 10i giai to da tim ra s& duoc gui di t6i

cac cum kién khac .cd nhiéu kiéu 1oi giai co thé dugc gui di
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Kién: Loi giai caa mot con kién tir 1an lip nay dwoc giri t6i cum kién khéc,
thong thudng day 1a 1oi giai cua con kién tét nhat

Loi giai toan cuc tét nhat. Loi giai tét nhat cia cac cum kién duoc giri di
cho tat ca cac cum kién

Loi giai cia hang xom tdt nhat . Loi giai tét nhat cua cac cum kién duoc
gui toi cac hang xom

Loi giai cuc bd tét nhat. Loi giai cuc bo tot nhat duoc giri di ti cac hang
Xxom

Vector mui . Thay vi gui 161 giai thi vector mui s& dugc gti sau mdi buéc

-

lap.

CHUONG III: MOT SO UNG DUNG VE THUAT
TOAN

. Ung dung thuit toan ACO

Thuat toan ACO duoc (ng dung cho mot sé lugng 16n bai toan tdi wu
t6 hop. Nhitng tng dung hién nay cia ACO chia thanh hai 16p tng dung: 16p
bai toan t6i wu té hop NP-hard cho cdng nghé cii thuong it thire dn. Dac tinh
thanh céng nhat caia ang dung ACO téi nhiing bai toan ma ¢ do kién két hop
véi viing tim kiém dé co cach giai quyét tét. Lop tng dung thix hai 1a bai toan
tim duong di ngan nhét, & d6 khoang cach bai toan giai quyét thay doi ¢ thoi
gian thuc thi bai toan. Nhimng thay doi nay c6 thé anh huong khong do6i cua
bai toan nhu di c6 sin, Néu anh huong bi In 1on, dic tinh dugc coi nhu chi

phi canh, thay d6i theo thoi gian. Trong trudng hop nay, thuat toan mé phong
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theo bai toan dong. Lép tng dung thir hai ciia ACO dé két ndi duong thdng
tin.

Thay cho viéc dua chi tiét cac ung dung khéc nhau cuaa ACO, ching
ta mo ta ngan lich str phat trién cua tng dung, tong quan ma rong trong ang
dung cia ACO. Bai toan to hop dau tién duoc giai quyét bai thuat toan ACO
1a bai toan nguoi du lich (TSP) bai vi bai toan nay duoc biét nhidu nhat cua
NP-hard, tim dudng di ngan nhét, dé d& dang mé phong su sinh hoat cua loai
kién dé giai quyét no. Tur khi tng dung dau tién caa AS trong luan an caa
Dorigo’sPhD nam 1991, né tr¢ thanh mot danh gia chung cua vai dong gop
t6t hon trong mo hinh thyc thi ACO hon AS.

Theo trinh ty, hai (ing dung tiép theo bai toan nhiém vu cia phuong
trinh bac hai (QAP) va bai toan 1ap lich cho ctra hang nam 1994. Gitra cac
ring dung tiép theo 1a duong thong tin tng dung dau tién, bat ddu nam 1996
véi cong viéc cua Schoonderwoerd va cong viéc AntNet boi Di Caro va
Dorigo. Nam 1997, sau mdt nim cong bd cua nha bao dau tién cho ACO
nam 1996, s6 ung dung ACO bat dau ting nhanh. Ung dung sém nhat tir
1997 bao gom bao toan duong xe cii (vehicle routing), trinh tu chudi, 1ap lich
trinh cho ctra hang va bai toan d6 hoa. Sau d6, nhiéu tac gia khac nhau da sir
dung ACO metaheuristics dé giai quyét s6 luong 16n bai toan téi wu to hop
nhu chudi chung ngan nhat, tdng quéat nhiém vy, tap che phu, nhiéu tdi va
bai toan hop 1y...Tha vi nhat cua nguoi doc 1 thay dugc tong két ang dung
c6 san nam 2000. Tir phan Gng dung trude d6, ACO gan nhu dugc sir dung
cho muc dich ki thuat, cu thé dé thiét ké nghién ctu thuat toan cho doc gia
biéu dién cau tric nhu tap quy tic I6gic classical, quy tac logic fuzzy va

thong tin Bayesian, dwa ra nhiing két qua ht:a hen.
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Ngay nay, ACO gan két qua trang thai cho vai bai toan dé no ap dung
cho: QAP, trinh tu chudi, dudng di, 1ap lich va thong tin goi diéu khién.. . Két
qua tinh todn sdn co cho bai toan khac thudng rat tot va dong tat ca trang thai
lai 1a diéu dang cht ¥, bai vi nhiéu bai toan sin sang bi tin cong manh mé
boi nd lyc tim kiém. Bén canh d6, ACO metaheuristics duoc &p dung dé giai
quyét bai toan méi cua thé gioi voi két qua day haa hen.

Vi du minh hoa

< Bai toan ngudi du lich
* Phdt biéu bai toan

Mot nguoi du lich di thdm n thanh phd Ti...T,. Xuét phat tir thanh
phd nao do, ngudi du lich muédn di tham tat ca cac thnah phé con lai, mdi
thanh phé di dung mot 1an roi tro lai thanh phd xuat phat. Goi Cij 1a chi phi
tir T; dén T;. Tim hanh trinh véi tong chi phi nhé nhat.

o Tw twong gidi quyét bai todn ngwoi du lich bang thudt toan kién

- Kién di sau stir dung vét mui la (16p Trail) va kinh nghiém (16p
Heuristics) cua kién di trudc dé tim kiém con dudng di cho minh, sau d6 con

duong tot hon s& duoc cap nhat lai.

- Ct nhu vay s& cho ta két qua con dudng di ngan nhat can tim.

« Thudt toan dan kién gidi bai toan ngwoi du lich

Ap dung thuat toan kién vao bai toan nguoi du lich véi cac théng sd
cta kién nhu sau:

m: s6 lugng kién

tij: nong do vét mui trén canh (i,j)
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p : 1a tham sé bay hoi niam trong khoang (0,1)

pi* : X&c suat con kién k lya chon canh (i j)

o hé s6 diéu chinh anh hudng cua ;

nij: thong tin heuristic gitp danh gia chinh xac su lya chon cua kién
di tir dinh i téi dinh j

B : hé so diéu chinh anh huong

Ni¥: tap cac dinh lang giéng cua i ma con kién k chua di qua

Ati* 1a lugng pheromone ma con kién k dit 1én canh ma n6 da di qua

NC: 12 sé buéc ap cua thuat toan

Sk: duong di cuia kién Kk (tap cac dinh ma kién k di qua)

g : la gia tri ngau nhién trong khoang [0,1]

ax' : nhan gia tri True, False tuong ung véi con kién k da tham hoac
chua di qua dinh i

%* Cac buroc xay dung thudt toan nhw sau:

> Pau vao:
Dd thi G=(V,E), véi tap dinh V va tap canh E, ma tran trong sé D=d[i,j] v&i
I,jJEV
S6 luong kién m.

> Dau ra: duong di S vaoi khoang cach ngan nhat Cg

» Cac buoc:

Buwoc 1: Khai tao

Khai tao cac tham sé NC, B,o.,p, s luong kién m va sé dinh n
Khai tao do dai dudng di ngan nhat Cpeq 12 hing sb

Tinh d6 dai duong di ngan nhat Cy,

Tl’nh gié. trl TmaX:l/p Cnn Vé. Tmin:Tmax/Z
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Khai tao gia tri go voi (0<qo< 1)

Khaoi gan diéu kién két thuc stop :=1

Thiét 1ap ma tran pheromone trén tat ca cac canh
Fori:=1tondo

For j:=1 to n dO Tij=Tmax

Buéc 2: Xay dung dweone di cia kién

Trudng hop hoan thanh xong tat ca cac budc lap: stop >NC thi xuat ra dudng

di ngin nhat va két thuc

2.1 thiét ldp cdc dinh khi kién chua di qua nhdn gid tri false
For k:=1to mdo
For i:=1 to n do a.:=false
Thiét lap duong di cua kién Sy =@

2.2 Chon ngdu nhién v; tri xudt phat cua kién
For k:=1tomdo
Fori:=1tondo
R<random{1..n}
B6 sung r vao dudng di Sk:={r}, ac":=true;
Gan do¢ dai duong di Cy:=0

2.3 Xdc dinh dinh dén tiép theo cua kién k
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- Chon ngau nhién mét gia tri g: q€random{0..1}

- Néu q<qo kién k chon diém u di chuyén tiép theo voi
u=arg,_ , max (z'ﬂ (n,) ;)

- Néu >0 kién k s& chon dinh u chua duoc di qua trong tap lang giéng cua

r theo cong thuc sau:

(7, ) (m.,)"

k
P = o
ZIE.".': I[r.r.l'} {Hn’ }d

ok
JMEN,

- Chon dinh u la dinh tiép theo, b6 sung dinh u vao S
Sk:={r,u}

- Tang d¢ dai duong di Cy:=Cy+dy,

- Gan a:=true

Buée 3: Xdc dinh dwong di ngdn nhdt

Ta c6 Cyla do dai dudng di cia con kién k véi k=[1..m] thu duoc tur
budc 2.

Néu Cy<Ches thi hiéu chinh Cpes:=Cx
Buoc 4: Cdp nhdt théng tin mui

Tai budc nay, chi cap nhat thong tin mui trén dudng di cua con kién k
c6 gid tri C, nho nhat thu duoc tir budc 3, tac 12 gid tri Cpes
4.1 Bay hoi thong tin mui trén cdc canh
Fori:=1tondo
For j:=i to n do 7j;:=(1-p) Tijj

4.2 Thém théng tin mli trén cac canh thude dwong di tot nhdt Sy pest

Tinh gia tri pheromone Ar=——
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NéU canh (i,j)ESkbeSt thi Tij-= Tij +AT

Kiém tra théng tin pheromone v&i can trén va can duéi
Néu Tij< Tmin thi Tij = Tmin
Néu Tjj > Tmax thi Tij= Tmax

Tang gia tr1 stop:=stop+1.

% Code bang C++
#include <cstdlib>
#include <iostream>
#include <string>
#include <sstream>
#include <math.h>
#include <ctime>

using namespace std;

/I Constants

#define INVALID -1

#define CITY_AMOUNT 6

#define POPULATION_SIZE 30
#define PHEROMONE_RATE 0.1
#define ALFA 1

#define BETA 2

#define MAX_ITERATIONS 30
#define EVAPORATION_RATE 0.5
#define POSITIVE_CONTS 0.75

struct ant {
double distance;

double fitness;
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int position;

int route[CITY_AMOUNT];

/l Variables
ant ants[POPULATION_SIZE];
double pheromone_links[CITY_AMOUNT][CITY_AMOUNT];

int distance_links[CITY_AMOUNT][CITY_AMOUNT] ={
{INVALID, 7,4,3,11,1},
{7, INVALID, 2, 8,10, 8 },
{4,2,INVALID, 9,9,3},
{3,8,9,INVALID, 5,4 },
{11, 10,9, 5, INVALID, 3},
{1,8,3,4,3 INVALID } };

int best_distance = 1000000000;

int worse_distance = 0;

double best_fitness;

double worse_fitness;

int best_route[CITY_AMOUNT];

int worse_route[CITY_AMOUNT];

double average = 0.0;

double variance = 0.0; // phuong sai

double standard_deviation = 0.0; // do lech chuan

int greater_distance = INVALID;

void init_ant(int index);

void seed_initial_pheromone(bool );
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void get_greater_distance();

bool check_visit(int ant_index, int position);
void build_solution();

void check_best_distance();

void calculate_fitness();

void pheromone_evaporates();

void update_pheromone();

Il Auxiliary methods

double calculate_time(clock _t start, clock _t end);
int get_random_number(int from, int to);

void print_route(int ant_index, int route[CITY_AMOUNT], double distance);
void print_pheromone();

string number_to_String(double n);

void print_result();

void calculate_metrics();

int main(int argc, char *argv[]) {
clock_t time_start = clock();
/[ Initializing the random number generator with a temporal seed
srand(time(0));
/I Initialize the interaction counter

int iteration = 0;

I/ Configuring the initial pheromone designs
seed_initial_pheromone(false);
I/ Taking the longest distance added to 1

get_greater_distance();

// Stop condition
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while (iteration < MAX_ITERATIONS) {
build_solution();
check_best_distance();
calculate_fitness();
pheromone_evaporates();
update_pheromone();
for (int i = 0; i < POPULATION_SIZE; i++) {

print_route(i, ants[i].route, ants[i].distance);

}
iteration++;

¥

print_pheromone();

/[ Printing the final result

print_result();

cout << "\nRuntime (ACO): "
<< calculate_time(time_start, clock()) << " ms" << endl,;
/fcin.get();

return O;

void init_ant(int index) {
ants[index].distance = 0;
ants[index].fitness = 0;
ants[index].position = 0;
for (intj = 0; j < CITY_AMOUNT; j++) {
ants[index].route[j] = INVALID;
}

/[ Positioning ant in a random city
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int random_city = get_random_number(0, (CITY_AMOUNT - 1));

ants[index].route[0] = random_city;

void seed_initial_pheromone(bool random) {
for (inti=0; i < CITY_AMOUNT; i++) {
for (intj = 0; j < CITY_AMOUNT; j++) {
if (i'=j){

double random_pheromone = (double) get_random_number (0,
100)

/100.0;

pheromone_linksJ[i][j] = (random == true) ?
random_pheromone

: PHEROMONE_RATE;

}else {
pheromone_links[i][j] = INVALID;

void get_greater_distance() {
for (inti=0; i <CITY_AMOUNT,; i++) {
for (intj = 0; j < CITY_AMOUNT; j++) {
if (distance_links[i][j] > greater_distance) {

greater_distance = distance_links][i][j];

}

greater_distance += 1,
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bool check visit(int ant_index, int position) {
for (inti=0;i<CITY_AMOUNT; i++) {
if (ants[ant_index].route[i] == position) {

return true;

}

return false;

void build_solution() {
/I For each ant
for (inti=0; i < POPULATION_SIZE; i++) {
/I Initializing the ant

init_ant(i);

I/l As long as it doesn't pass in every city
while (ants[i].position < (CITY_AMOUNT - 1)) {

int position = ants[i].position;

double transition_probability[CITY_AMOUNT];

double link_rate_sum = 0;

/I Summing up pheromone and heuristic rates

for (intj = 0; j < CITY_AMOUNT; j++) {
/I If the city already visited, do not enter the analysis
if (check_visit(i, j) == false) {

if (pheromone_links[position][j] >= 0
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and distance_links[position][j] >=0) {

link_rate_sum

pow(pheromone_links[position][j], ALFA)

* pow(
greater_distance
- distance_links[position][j],

BETA);

}
// Calculating the probability of transition

for (intj = 0; j < CITY_AMOUNT; j++) {
/I If the city already visited, do not enter the analysis
if (check_visit(i, j) == false) {
if (pheromone_links[position][j] >= 0
and distance_links[position][j] >=0) {
transition_probability[j] = (pow(

pheromone_links[position][j],
ALFA) * pow(

greater_distance -
distance_links[position][j],

BETA)) / link_rate_sum;
}else {
transition_probability[j] = 0;
}

Yelse {
transition_probability[j] = 0;
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// Doing roulette
double roulette = (double) get_random_number(0, 100) / 100.0;
double minor = 0;

double major = 0;

I Selecting the next node
for (intj = 0; j < CITY_AMOUNT; j++) {
/I If the city already visited, do not enter the analysis
if (check_visit(i, j) == false) {
major += transition_probability[j];
if (roulette >= minor and roulette <= major) {
ants[i].route[position + 1] =j;
ants[i].distance += distance_links[position][j];
ants[i].position += 1;
break;
}else {

minor = major;

void check_best_distance() {

for (inti=0; i <POPULATION_SIZE; i++) {
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if (ants[i].distance < best_distance) {
best_distance = ants]i].distance;
for (intj = 0; j < CITY_AMOUNT; j++) {

best_route[j] = antsJi].route[j];

}

} else if (ants[i].distance > worse_distance) {
worse_distance = antsJi].distance;
for (intj = 0; j < CITY_AMOUNT; j++) {

worse_route[j] = ants[i].route[j];

void calculate_fitness() {
for (int i = 0; i < POPULATION_SIZE; i++) {
double fitness = (double) ants[i].distance / (double) best_distance;
if (fitness < best_fitness) {
best_fitness = fitness;
} else if (fitness > worse_fitness) {
worse_fitness = fitness;

}

ants[i].fitness = fitness;

void pheromone_evaporates() {
for (inti=0; i< CITY_AMOUNT; i++) {
for (intj =0; j < CITY_AMOUNT,; j++) {
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if (pheromone_links[i][j] != INVALID) {
pheromone_links[i][j] = (1 - EVAPORATION_RATE)

* pheromone_links[il[j];

void update_pheromone() {
for (int i = 0; i < POPULATION_SIZE; i++) {
double pheromone_to_sum = POSITIVE_CONTS / antsJi].fitness;
for (intj = 0; j < (CITY_AMOUNT - 1); j++) {
int city = ants[i].route[j];
int next_city = ants[i].route[j + 1];
if (pheromone_links[city][next_city] != INVALID) {

pheromone_links[city][next_city] += pheromone_to_sum;

// Auxiliary methods
int get_random_number(int from, int to) {

return (from < to) ? (rand() % to) + from : 0;

double calculate_time(clock_t start, clock_t end) {

return 1000.0 * ((double) (end - start) / (double) CLOCKS_PER_SEC);
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void print_route(int ant_index, int route[CITY_AMOUNT], double distance) {
string temp = "Ant route " + number_to_String(ant_index) + " : ";
for (unsigned inti=0; i <CITY_AMOUNT,; i++) {
temp += number_to_String(route[i]);
if (i + 1) '= CITY_AMOUNT) {

temp += n, n;

}

temp +=". Distance: " + number_to_String(distance) + "\n";

cout << temp << endl;

void print_pheromone() {
string temp = "Pheromone rates:";
temp +="\n{";
for (inti=0; i < CITY_AMOUNT; i++) {
temp +="{";
for (intj = 0; j < CITY_AMOUNT; j++) {
temp += number_to_String(pheromone_links[i][j]);
if ((j + 1) != CITY_AMOUNT) {

temp += ||’ ll;

}

if (1 +1)!1=CITY_AMOUNT) {
temp +="}, ",

}else {

temp +="}";
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}
temp +="Hn";

cout << temp << endl;

void print_result() {
cout << "Worst result:" << endl;
cout << "f(x):" << worse_fitness << endl;

print_route(0, worse_route, worse_distance);

cout << "Best result:" << endl;
cout << "f(x):" << best_fitness << endl;

print_route(0, best_route, best_distance);

calculate_metrics();
cout << "Average:" << average << endl;
cout << "Variance:" << variance << endl;

cout << "Standard deviation:" << standard_deviation << endl;

string number_to_String(double n) {
stringstream out;
out << n;

return out.str();

void calculate_metrics() {
/I Calculate the average

double sum = 0;
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Thuat toan Kién

for (int i = 0; i < POPULATION_SIZE; i++) {
sum += ants][i].distance;
}
average = (double) sum/ (double) POPULATION_SIZE;
/I Calculate variance
sum = 0;
for (int i = 0; i < POPULATION_SIZE; i++) {
sum += pow(ants[i].distance - average, 2);
}
variance = (double) sum/ (double) POPULATION_SIZE;
I/ Calculating the standard deviation

standard_deviation = pow(variance, 0.5);

% Két qua chay chwong trinh

ACO ACO ACO ACO
City Ant Note City Ant | Note | City Ant | Note | City Ant | Note
1 I ic of 6 30 |Random 6 30 FIX 14 30 Random 14 30 FIX
Total table static of test Total Total Total Total
Worst | time Best Worst | time | Best Worst | time Best | Worst | time
Best distance |distance| (ms) | distance | distance | (ms) |distance| distance | (ms) |distance|distance| (ms)
CPU Intel Core I5 8th Gen
Thien's [RAM 2GB 3 40 2100 3 39 2077 100 276 2479 101 265 2311
C puter HDD SSD 160Gb
Language |C++
0S ‘Window 10
CPU AMD Ryzen 5 55000
RAM 8 GB
. |[EDD |ssp2sech 3 36 566 3 38 | 549 | 01 274 | 547 | 101 | 263 | 570
HOHDg s Language |C++
Cumputer |05 Window 10
Intel(R)
CPU Core(TM)
15-6200U
RAM 4GB ~
q 39 1146 3 38 1096 123 283 1198 115 267 1196
HDD | i
SSD 128GB
Linh's [Language |C++
Cumputer [0S Window 10
CPU Intel core i3 gen 3
RAM 4096MB
HDD 50068 3 42 404 3 39 323 118 274 536 98 289 | 10771
4 \J
Phieu's Language |C++
Cumputer [0S Window 7
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11th Gen Intel(R)
CPU
Core(TM)
< .
13-1135G7 3 38 284 3 39 | 271 | 122 | 286 | 431 | 103 | 265 | 380
RAM 8Gb
HDD 256Gb
MaiChi's |Language |C++
Cumputer |0S Windows 11
cpU IAMD Ryzen 5
4600H
RAM S Gb
Cht HDD SSD 1TB
s Language |C++ 3 40 447 g 39 738 109 284 700 115 294 494
Cumputer
0S (Window 11
e Intel Core i7-12700H
RAM 168 7 39 564 3 39 607 92 297 7806 102 306 7997
HDD SSD 512GB o0 7 - - -
HaiAnh's |Language |C++
Window 11

Cumputer |0s
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