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MO DAU

Trong cudc séng, viée dat loi nhuan cao hay thap trong kinh doanh budn
ban, cung cap dich vu phu thudc rat nhiéu yéu t6. Trong d6, co mot yéu tét quan
trong dau tién, dong gdép mot phan rat I6n d6 1a xac dinh duoc dia diém dit dich
vu thuat loi — noi cung cap dich vu cho khach hang. Co rat nhiéu tiéu chi dit ra
khi chon vi tri dit co s& nhu: thuan tién vé giao thong, 14 noi tap trung dong dan
cu, ... dé 1am sao thu duoc loi nhuan cao nhat. Dic biét, ddi voi cac trudong hop
khan cap nhu ctu thuong, ctitu hoa thi yéu cau vé khoang cach nho nhat 1a vo
cing quan trong, c6 thé noi 1a quan trong nhat trong cac yéu t. Bai toan dit ra
1a: dit cac tram dich vu & dau dé thoi gian di chuyén bénh nhan tir noi xa bénh
vién nhit (hodc nguoc lai, tir cac tram dich vu dén noi bénh nhan xa nhét) 1a nho
nhat ¢ thé. Con véi dich vu phd bién nhu tram xang, thing phiéu, bot dién
thoai, ... thi yéu cau lai a chi phi tir cac khach hang (hay ngudi ¢ nhu cau) dén
dia diém phuc vu gan khach hang nhét 13 nho nhat.

Bai toan nay thudc dang NP-kho, c6 rat nhiéu cac thuat giai khac nhau
dugc dua ra dé c6 thé tim 10i giai t6i wu cho bai toan nay nhu: thuat toan di
truyén, thuat toan tham lam, thuat toan t6i vu hoa bay dan, tim kiém tabu... Tuy
nhién cac giai thuat trén déu tén chi phi vé thoi gian va/hodc khong gian 16m.

Tbi vu hoa dan kién (Ant Colony Optimization - ACO) 14 cach tiép cén
metaheuristic twong ddi méi, do Dorigo gisi thiéu vao nam 1991 va lién tuc
duoc phat trién cho dén nay. Thanh céng dau tién ctia cac thuat toan ACO 1a giai
quyét bai toan Ngudi chio hang ndi tiéng voi sé dinh Ién téi hon 2000 vai két
qua thu duoc 1 t6t, hidu qua ctia nd dugc ching minh béng thuc nghiém.

Pau tién, luan van di hé thdng hoa cac kién thic co s¢ V& Iy thuyét do
phiic tap thuat toan, 16p cac bai toan P, NP, NP-kho va NP-day du. Sau d6, luan
van trinh bay cac bai toan dién hinh trong 16p cac bai toan vi tri co s cling cac
nghién ctru d3 duoc cong bd gan day. Tiép theo, tac gia dé xuat thuat toan dua
trén giai thuat tdi vu dan kién giai mot s bai toan vi tri co s& hién nay va so
sanh két qua thu dugc véi mot sé cong trinh di duoc cong bo gan day nham rat
ra duoc cac wu nhuoc diém cua thuat toan. Két qua nay da duogc tac gia cong bd
trong 2 cong trinh nghién cttu khoa hoc.

Noi dung chinh cua luan van dugc chia thanh 4 chuong nhu sau:



Chwong 1: Tim hiéu tong quan vé cac kién thic co s¢ vé& do phuc tap
thuat toan, 16p cac bai toan P, NP va NP-kho va cac bai toan thudc Iop bai toan
Vi tri co s& ciing nhu cac cong bd gan day.

Chuwong 2: Trinh bay chi tiét V& thuat toan toi vu hoa dan kién.

Chwong 3: Trinh bay Vé cai dit chuong trinh, thir nghiém va so sanh két
qua v6i mot s6 cong trinh di cong bd gan day.
Két luan

Tai liéu tham khao



CHUONG 1
MOT SO KIEN THUC TONG QUAN VA BAI TOAN VI TRi CO SO

Trong cudc song, viéc dat loi nhuan cao hay thap trong kinh doanh budn
ban, cung cap dich vu phu thudc rat nhiéu yéu té. Trong do, c6 mot yéu td quan
trong dau tién, dong gdép mot phan rat I6n d6 1a xac dinh duoc dia diém dit dich
vu thuan loi — noi cung cap dich vu. Co rat nhiéu tiéu chi dat ra khi chon dia
diém: thuan tién vé giao thong, 1a noi tap trung dong dan cu...dé lam sao thu
duoc loi nhuan cao nhat. Dac biét, ddi voi cac truong hop khan cap nhu ctu
thuong, ctru hoa thi yéu cau vé khoang cach nhé nhét 1a vo cing quan trong, ¢6
thé néi 1a quan trong nhat trong cac yéu to.

Yéu cau cua bai toan vi tri co s& 1a tim phuong an dat cac tram dich vu ¢
dau dé thoi gian di chuyén bénh nhan tir noi xa bénh vién nhat (hoic nguoc lai,
tir cac tram dich vu dén noi bénh nhén xa nhét) 1a nho nhat c6 thé. Con véi cac
dich vu phd bién nhu tram xang, thung phiéu, bbt dién thoai,... thi yéu cau lai a
tong chi phi tir khach hang (hay nguoi c6 nhu cau) dén dia diém phuc vu gan
khach hang nhat 1a nho nhat.

1.1. D¢ phirc tap tinh toan cua bai toan

Goi Ta(X) 1 thoi gian tinh cta thuat toan A d6i véi dau vao X. Khi d6 thoi
gian tinh trong tinh hudng toi nhét cua thuat toan A ddi véi dir liéu dau vao kich
thudc n dugc dinh nghia nhu la:

T, (n) =maxT,(X)

|X|=n
Do phuc tap trong tinh hudng toi nhat cua thuat toan P 1 thoi gian tinh
trong tinh hudng tdi nhat cua thuat toan nhanh nhdt dé giai no:

T,(n)= T!PTA(n) =min(maxT, (X))

AcA |X|=n
Trong d6 A 1a tap tat ca cac thudt toan giai bai toan P.

Viéc danh gia ding do phtc tap cta bai toan 1d mot van dé hét suc phic
tap. Vi vdy ching ta quan tdm dén viéc dua ra céc can trén va can dudi cho no.

Néu ta cé thuat toan A véi thoi gian tinh trong tinh hudng t6i nhat 1
Ta(n)= 0(f (n)) thi:

Tr(n) = T,(n) = 0(f(n))



Tic la ta co6 can trén cho d§ phac tap cua bai toan P. Thuat toan nhanh
hon s& cho cén trén tt hon.

Chung ta con quan tim dén viéc danh gia can dudi d6 phuc tap cua bai
toan, nghia 1a quan tam dén viéc né kho dén mic do ndo.

Pé chi ra rang:

Tr(m) = a(f(n)
Ta can phai chi ra rang:
i. Co thuft toan véi thoi gian tinh o (£(n)) dé giai bai toan P.
ii. Moi thuat toan giai bai toan P déu doi héi thoi gian tinh trong tinh huéng
toi nhat Id o (£ (n))
Yéu cau ii. c6 thé thay thé boi:
ii’. can dudi cho do phuc tap tinh toan cua baitoan P 1a Q (f (n)).

1.2. NP- diy di
1.2.1. Bai todn quyét dinh

Bai toan quyét dinh 13 bai toan ma dau ra chi co thé [ ‘yes’ hodc ‘no’
(Pung/sai, 0/1, chip nhan/tir chdi, accept/reject). Poi Vi Mot bai toan quyét
dinh, c6 nhitng bd dit lidu vao ciia nd c6 cau tra 1o (du ra) [d ‘yes’ va ciing co
nhitng b6 dir liéu vao co6 cau tra loi la ‘no’. Nhitng bo dir liéu vao cé cau tra loi
‘yes’ (‘no’) s€ duoc goi la bd dir ligu vao “yes’ (‘no’).
Vidu 1:

v/ Bai toan vé tinh nguyén t6: “Hoi s nguyén n c6 1a s6 nguyén to hay
khong?” N=23 la bo dir li¢u vao ‘yes’, con n=24 la b dir licu vao ‘no’
Cua bai toan.

v/ Bai toan tong con: “Cho tap | gdm n sb nguyén duong x1, Xo,...,Xn Vi 0
nguyén duong T. Hoi c6 thé tim dugc tap con S cua | véi tong céc so
trong S 1a bang T?”

v/ Bai toan nguoi du lich dang quyét dinh (Dec — TSP): “Tén tai hay
ching hanh trinh ctia ngudi du lich véi tong chi phi khong vuot qua sé K
cho tru6c?”

1.2.2. Bang chizng ngdn gen dé kiém tra
R4t nhiéu céc bai toan quyét dinh c6 mot dic diém chung, d6 1a dé xac
nhan cau tra 10i 'yes' d6i véi bo dir lidu vao 'yes' cuia chung, ta ¢ thé dua ra



bang ching ngen gon dé kiém tra xdc nhdn cdu tra 1oi 'yes' cho bé dir liéu vao
ves' do.
Vidu 2:

v Ddi V6i bai toan kiém tra tich hop s6: "C6 phai sé n 1a hop 62", dé xac
nhan céu tra 1oi 'yes' cho dau vao n, ta c6 thé dwa ra mot ude sé b (1<b<n)
ctia n. Dé kiém tra xem b ding 1a wdc s6 cua n ta ¢ thé thuc hién phép
chia n cho b sau thoi gian da thirc. Trong vi du nay b 1a bang ching ngan
gon (vi b<n) va d& Kiém tra: co thuat toan thoi gian tinh da thic dé kiém
tra b dung 1a wdc sé cua n.

v Péi véi bai toan tong con, bang chimg xac nhan cau tra 1oi 'yes' doi voi bo
di liéu (Xa,...,Xn) la vecto ¢ = (cy,...,Cn), trong d6 ci = 1 néu X; duoc chon
vao tap S va ¢; = 0 néu tréi lai. Viéc kiém tra xem tap S gdm céc sé duoc
chon c6 théa man yéu cau dit ra hay khong, 1 rang, c6 thé thuc hién sau
thoi gian da thuc.

v' Déi voi bai toan ngudi du lich dang quyét dinh, bang ching xac nhan cau
tra loi 'yes' cho ma tran chi phi C = {cj: I,]=1,...,n} cua bai toan 1a day cac
thanh phé trén hanh trinh. Viéc kiém tra xem ddy céc thanh phd di cho c6
phéi 1a hanh trinh v&i chi phi khong vuot qua K c¢6 thé thuc hién xong sau
thoi gian da thuec.

Ta goi bang ching ngan gon dé Kiém tra xac nhén cau tra loi 'yes' cho
bo dir liéu vao 'yes' cua bai toan 1a mot bang chimg co do dai bi chan bai mot da
thirc bac cb dinh ciia do dai dit ligu dau vao cuia bai toan, va viéc kiém tra né la
bing ching xac nhan céu tra 101 'yes' ddi véi dau vao da cho cua bai toan co thé
thuc hién xong sau thoi gian da thuec.

Nhu vira chi ra & trén, cac bai toan trong vi du 2 déu c6 bang ching ngan
gon dé kiém tra dé xac nhan cau tra i 'yes' cua bo dit liéu vao 'yes'.

Hoan toan tuong tu, c¢6 thé dua ra khai niém bang ching ngan gon dé kiém tra
dé xac nhan cau tra loi 'no".

D6i v6i mot sb bai toan viée dua ra bang ching ngan gon xac dinh cau tra
loi 'no' 14 d& hon so v&i viéc dua ra bang chiing ngan gon xac dinh cau tra i

yes'.
Vidu 3:



D6 vé6i bai toan kiém tra tinh nguyén t6, dé dwa ra bang chang ngan gon dé
kiém tra xac nhén cau tra 161 'no' cho dau vao n cta no, ta ¢ thé dua ra mot uée
s b cuan.

C6 nhimg bai toan ma viéc dua ra bang ching ngin gon dé kiém tra xac
nhan céu tra 101 'yes' ciing nhu 'no' déu 1a khong dé dang.

Vidu 4:

Cho don db thi v hudéng G = (V,E). Hoi c6 dudng di don dai nhat ndi hai
dinh s va t ctia d6 thi G ¢ ton tai duy nhat?
1.2.3. Lop bai toan P, NP va co-NP

Trudc hét, ta néu khai niém veé I6p cac bai toan dé giai — d6 1 cac bai toan
c6 thé giai dugc nho céc thudt toan thoi gian tinh da thic.

Dinhnghia: Tagoi P ld I6p cdc baitodn cé thé gidi duoc sau thoi gian da thirc.
Vidu 5:

Bai toan vé tinh lién thong cua dd thi co thé giai dugc nho thut toan voi
thoi gian tinh 1a O(n?), vi vay, nd 1a bai toan thuoc lop P. Bai toan cay khung
nho nhat giai dugc nho thuat toan Prim véi thoi gian O(n?), ciing thudc vao 16p
P.

Dinhnghia: Ta goi NP la I6p cdc bai todn quyét dinh ma dé xdc nhdn cdu tra
loi 'yes' Ciia né ta cé thé dwa ra bang ching ngdn gon dé kiém tra.
Vi du 6:
Céc bai toan trinh bay trong vi du 2 déu thudc Iop NP.
Dinhnghia: Tagoi co-NP [a I6p cdc bditodn quyét dinh ma dé xdc nhdn cau
tra loi 'no' ciia né ta c¢é thé dwa ra bang chimg ngan gon dé kiém tra.
Vidu 7:
Céc bai toan trinh bay trong vi du 3 déu thudc lop co-NP.

Bai toan trong vi du 4 con chua biét c6 thudc vao 16p nao trong hai 16p
NP va co-NP hay khong.

RS rang, néu mot bai toan thudc 1op P, thi ta c6 thé tim dwoc 1oi giai cua
no6 sau thoi gian da thirc, va vi thé ta ciling c6 thé xac nhan duogc cu tra loi 'yes'
ctia n6 (bang Vviéc giai nd) sau thoi gian da thic. Vi vay:

P<=NP



Tuong tu nhu vy ta co:
P<-co-NP
Mot trong nhitng van dé trung tdm ciia Iy thuyét tinh toan, d6 1a chiang minh
hoic bac bo dang thic:
P=NP
Cho dén hién nay van dé nay van la van dé ma.
1.2.4. Lép bai todn NP-khé va NP-ddy dii

Ta s& dua ra dinh nghia vé nhimg bai toan kho nhat trong 16p NP: bai toan

NP-day du (NP-complete).

Dinh nghia:

Mot bai todn quyét dinh A dwot Qoi la NP-day dii néu nhue:
I. A la bai todan trong NP;
ii.  Moi bai todn trong NP déu cé thé qui dan vé A.

Nhu vay, ¢6 thé noi khai niém vé "bdi todn khé nhat" trong I6p NP duoc
xdy dung trén co s& phép qui dan. Néu tit ca cac bai toan trong NP ¢6 thé qui
dan vé mot bai toan A thi A kho khong kém bat ¢t bai toan nao trong s6 ching,
Piéu dang ngac nhién 1 su ton tai ctia nhimg bai toan ¢é tinh chat nhu vay.

Khé khin nhét 13 viéc tim ra duoc mot bai toan nhu vay. Béi vi hé chung
ta d3 c6 mot bai toan NP-day du thi dé ta c6 thé dé dang chiing minh nhiéu bai
toan khéac 13 NP-day du nho st dung két qua sau day.

B6 dé: Gia si bai todn A la NP-dady dui, bai todn B la thuéc NP, va bdi
todn A qui dan vé B. Khi d6 bai toan B ciing la NP-day dii.

Dinh nghia: Mot bai toan A dwoc goi la NP-kho (NP-hard) néu nhw sw
ton tai thudt todn da thire d@é gidi né kéo theo sw ton tai thudt todn da thirc dé
giai mot bai toan trong NP.

Mot cach khong hinh thirc, c6 thé ndi rang néu ta cé thé giai dugc mot
cach hiéu qua mot bai toan NP-kho cu thé, thi ta ciing c6 thé giai hieu qua bat ky
bai toan nao trong NP bang cach st dung thuat toan giai bai toan NP-kho nhu 1a
mot chuong trinh con.



Tur dinh nghia NP-kho suy ra rang mdi bai toan NP-day du déu la NP-
khé. Tuy nhién, nhu d néu & trén, mot bai toan 1a NP-kho khong nhat thiét phai
la NP-day du.

Tur Bo dé suy ra rang dé ching minh mot bai toan A nao d6 1a NP-kho, ta
chi can chi ra phép qui dan mot bai toan da biét 1a NP-kho vé né.

Ta c6 bac tranh tam thoi day da hon vé phan 16p céc bai toan trén hinh
1.3:

\.  NP-hard

AEAERY NP-complete

Hinh 1.1. Phdn lop cdc bai todn

T phan trinh bay trén, ta thiy rang c6 rat nhiéu bai toan tng dung quan
trong thudc vao 16p NP-kho, va vi thé khé hi vong xay dung dugc thuit toan
dung hiéu qua dé giai chung. Mot trong nhimng hudng phat trién thuat toan giai
cac bai toan nhu vay 1a xay dung cac thut toan gan dung.

1.3. Baitoan vi tri co sé' khdng han ché kha ning

Bai toan Vi tri co s& khong han ché kha niang (Uncapacitated Facility
Location Problem - UFLP) c6 thé duoc goi véi nhiéu tén khac nhau, chang han
nhu: Simple Plant Location Problem, the location of bank accounts problem,
warehouse location problem, the standardization and unification problem, the
problem of a nonrecoverable tools optimal system...

Bai toan UFLP dugc phat biéu nhu sau: Xét mot tap I = {1,2,3,..., N}
cac co s tiém ning cung cap san pham hoic dich vu. Mot coséi € I ¢o chi phi
xdy dung 13 C; (C; > 0). Mdi co s md co thé cung cap mot sé lwong khong
gi¢i han hang hoa cho mdi khach hang. Vamot tap J = {1,2,..., M} 1a tip cac
khach hang st dung dich vu. Gid tri g;; (voii € I va j € J) 1a chi phi van chuyén
tir co s¢ i dén khach hang j. Muc tiéu 1a xac dinh mot tap hop con S cua tap hop
cac dia diém co so tiém ning I (S < I, S=@) dé cung cap cho tat ca cac khach
hang sao cho tong chi phi xay dung va chi phi van chuyén 1a nho nhét.



F(S)=>_C,+> ming, — min (1.1)

ieS jed ieS
Bai toan UFLP con c6 thé duoc md ta dudi dang mot bai toan quy hoach
tuyén tinh nguyén nhu sau:

Minimize) ¢y, + D> 9;X; (1.2)
iel iel jel
sao cho:

x; <y, (iel,jeld) (1.3)
D> % =1(jed) (1.4)
iel
x; €{0,1} (iel,jeJ) (1.5)
y; {01} (iel) (1.6)

Bai toan UFLP 13 mot trong nhimg bai toan dugc nghién ctiu rong rii nhat
trong I6p cac bai toan toi wu hoa to hop. Bai toan dugc dé xuat lan dau tién bai
Erlenkotter nim 1978 dudi dang mot bai toan quy hoach tuyén tinh. Neebe va
Khumawala nim 1981, Karkazis va Boffey nim 1981 dé xuét bai toan véi gia
dinh mdi co s& chi giao dich duwoc mot san pham. Nam 1987 Klincewicz va Luss
1a ngudi dau tién nghién ctu mot mé hinh vi tri co s& ma khong bi han ché vé s6
lugng san pham tai mdi co so.

Tét ca cac phuong phap tiép can quan trong co lién quan dén bai toan
UFLP ¢6 thé dugc chia thanh 2 loai chinh 1a: Thudt toan chinh xac va phuong
phap dua trén metaheuristics. Céc thuat toan chinh xac dé giai quyét bai toan
UFLP ching han nhu nhanh can, quy hoach tuyén tinh (linear programing),
thuat toan noi long Lagring (Lagrangean relaxation). Céach tiép cén ddi ngau
(dual approach (DUALLOC)) va phuong phip dbi ngiu nguyén thay
(primaldual approaches). Bai toan UFLP dugc ching minh 1a NP kho nén céac
thuat toan chinh xac trén co thé khong thuc su hiéu qua khi giai quyét cac
truong hop s6 Iuong co so lon. Vi vay, da co rat nhiéu cac nghién ciru giai bai
toan UFLP dua trén phuong phap heuristics hay metaheuristics.

1.4. Baitoan vi tri co sé ¢6 han ché kha ning

Bai toan Vi tri co s& c¢6 han ché kha ning (Capacitated Facility Location
Problem — CFLP) la khai quat hoa bai toan UFLP khi ma nhitng co so bi gioi
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han vé sb lwong san phém. Mac du mé hinh toan hoc cua hai bai toan nay khong
khac nhau nhiéu nhung céc phwong phap giai bai toan CFLP thi thuong khé
hon.

Trong bai toan CFLP, mdi khach hang c6 nhu cau nhat dinh dé dap ung
va cac co s& ¢o han ché vé cong suat phuc vy hay han ché vé san pham cung
cap, tic 1a tong nhu cau cua khach hang duoc phan cong mot co s khong thé
vuot qua kha nang cta co sd d6. Ca hai bai toan UFLP va CFLP duoc coi la NP-
kho (Garey & Johnson, 1990; Kariv & Hakimi, 1979). Céc bai todn vi tri co s&
¢ thé dugc nghién ctu trén khong gian roi rac hoidc lién tuc. Khi co s& co thé
duoc dat ¢ bat cu noi nao trong khu vuce, bai toan duge coi 1 1 lién tuc. Khi co
s& ¢o thé duoc dat chi tai cac dia diém cu thé, bai toan duge coi 1 rdi rac. Muc
tiéu ctia bai toan CFLP 1a tim ra p Vi tri dit co s& sao cho tong chi phi xay dung
va chi phi van chuyén giita cac khach hang va co s& 1a nho nhat. Chinh vi vay,
bai toan CFLP con ¢ tén goi khac 1a bai toan p-median.

Bai toan CFLP duge mo ta chi tiét nhu sau:

e | = {1,2..n} cackhach hang

e J = {1,2..m} céicco sdtiém ning
’ F} \ ~

e H; nhu cau cua moi khach hang i (i € I)
e §; khd nang cung cap ciacosdj(j €))

chi phi xay dung cos6j (j € J)

e C;; chiphi dichuyén (van chuyen) tir khach hang i dén cosd;.
e a la solugng it nhat céc co so c6 thé dugc chon dé mo
e b laséluong nhidu nhit cac co so c6 thé duoc chon dé mo
v = {1 néu khach hang i chon co sé j,va
Y 10 néunguoc lai;
_ {1 néu co sé¢ j dwoc mo
Yj 0 néu ngwoc lai
Ham muc tiéu c6 thé duoc biéu dién nhu sau:
Min) iy, +>.> ¢, (1.7)
jed iel jel
sao cho

z Xij =1, viel, (1.8)

jed
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DMGSSY) e, (1.9)

icl

a<) y,<b vjel, (1.10)
iel

x, {01}, viel,Vjel, (1.11)

y; {01}, Vjel (1.12)

Ham muc tiéu (1.7) 1a dé tdi thiéu hoa tong chi phi sao cho cac diéu kién
tir (1.8) dén (1.12) déu thoa man. Trong do, han ché (1.8) dam bao rang mdi
khach hang chi dugc cung cap boi mot co sé. Han ché (1.9) dam bao rang tong
nhu cau cta khach hang dugc phan cong dén mot co sd khong vuot qua kha
ning dap (ng cta co'sd d6. Han ché (1.10) dam bao rang sb Iugng cac co s& mo
14 trong khoang a va b, d6i v6i bai toan p-median thi s lugng co s¢ dugc mé ra
chinh xac bang sé p. Han ché (1.11) va (1.12) 1a cac diéu kién nhi phan.

Trong truong hop h; =1, Vi € I vas; =n, Vj €] thi bai toan CFLP s&
tré thanh bai toan UFLP.

C6 rat nhiéu phuong phap da duoc dé xuat dé giai quyét bai toan bao gom
thuat toan dua trén ddi ngau duoc Erlenkotter [13] cong bd. Y tudng chinh 1a str
dung tiép can déi ngiu quy hoach tuyén tinh tim mot can cho ham muc tiéu.
Ngoai ra, cac thuat toan da dugc ap dung dé giai quyét bai toan UFLP ciing d3
duoc céc tac gia trién khai cho bai toan CFLP.

1.5. Baitoan vi tri co'sé canh tranh

V6i bai toan UFLP hay CFLP, ham muc tiéu dugc dua ra nham ti da hoa
loi nhuan cua mot nguoi hoac giam thiéu tong chi phi cua khach hang véi co sa.
Nhung bai toan vi tri co s& canh tranh (Competitive Facilities Location
Problem) hay con duoc goi Ia bai toan rjp-centroid (rlp trung tim) xét tinh hudng
phtrc tap hon khi hai nguoi choi Trudc va Sau 1a dbi thu caa nhau lan Iwgt chon
vi tri dit co s&. Trong khi d6, mdi khach hang duya trén s& thich riéng cua ho, lya
chon co s& tét nhat trong s tat ca cac co sd duoc mé lam nha cung cap cho
minh do d6 mang lai nhuan cho ca hai bén.

Bai toan (r|p)-trung tim lan dau tién dwoc Hakimi [16] nghién ctru dudi
dang bai toan roi rac, co thé phat biéu nhu sau: Cho mot tap I hitu han cac dia
diém co6 thé chon dé dit cac co s& dich vu va mot tap J hitu han cua cac vi tri cua
khach hang, ma tran (d;;) la khoang cach tir khach hang j € ] téicosd i € I, cac
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gia tri w; xac dinh loi nhuan ctia mot co so thu duoc trong viéc phuc vu khach
hang j. Hai cong ty / nguoi choi Truoc va Sau s€ mo cac co so kinh doanh tai
cac diém cua tap I. Pau tién, ngudi choi Truwdc mé p co so. Biét duge quyét
dinh cua Trudc, Sau sé chon dé mo ra r co sd. Mdi khach hang s& chon ra co s&
gan ho nhat trong sé p + r co s& cua ca hai nguoi choi d3 mo ra nhu 1a nha
cung cap cho minh. Két qua 1a tp khach hang s& duoc chia thanh hai phan: tap
khach hang lua chon Truéc va tap khach hang lua chon Sau. Bai toan dit ra la
tim ra p Vi tri dit co s& cho Trudc dé dat tdi da nhét loi nhuan dudi sy phan tng
manh mé& nhat co thé cua Sau

Hién nay, cac nghién ctru co ban cua bai toan nay c6 thé dugc phat trién
thém nhiéu bién thé [10], [25], [29], dudi dang cac bai toan trén do thi [25], [29]
va trong khong gian Euclide [10]. Tuy nhién, dang bai toan rdi rac van dugc
nhiéu ngudi quan tim nhat va ngudi ta da chi ra rang bai toan cua Truéc thude
loai Y5 —kh6 [29] con khi d3 biét cac co s cua Truwdéc thi bai toan cua Sau
thudc loai NP-kho [8] [37]

Bai todn dudi dang dé thi. Bai toan (r|p)-trung tAm roi rac duoc phat biéu
nhu sau: (xem [10] [37])

Xét mot dd thi hai phiaday duco trongsé G = (I,], E), trong d6 tap dinh
I = {1,...,m} biéu dién tap hop cic dia diém co s tiém nang ma hai nguoi
choi Trudc va Sau c6 thé lya chon dé mo co sé, tap dinh J = {1,...,n} biéu
dién tap khach hang, E = I X ] 1a tp cac canh c6 dd do khoang cach twong
tng d;;V(i,j) € E, mdi j €] co trong s6 w; (w; > 0) ung véi doanh thu ma
co s& nhan duoc néu khach hang nay chon co so 1dm nha cung cap. Biét rang
mdi khach hang s& chon co s& phuc vu gan né nhét, trong truong hop khoang
cach téi Truoc bang khoang cach tdi Sau thi khach hang s& chon Trudc.

Ta can tim p Vi tri trong tap I cho Truwéc sao cho ti da hoa doanh thu cua
Trwedc voi Iwu ¥ rang Sau s& chon r co s tir cac dia diém con lai ciing nham toi
da hoa doanh thu cua ho khi da biét vi tri dich vu cta Trudc.

Goi (X,Y) la 101 giai cho bai toan (r|p)-trung tam, trong d6 X € I, |X| =
p 1a tap céac co s& dugc Truoc chon, vaY € {I\ X}, |Y | =r latap cac co so
duoc Sau hra chon. Voi mdi tap V €1 va Vj€J, ky hieu D(j,V) =
min{d;;| i € V}chokhoang cach t6i thiéu tir khach hang j dén tit ca cac co s6
trong tap V. Khi d6 tap khach hang s& duoc chia thanh hai phan: Tap khach
hang lva chon Truéc U™ = {j € JID(j,Y) = D(j,X)} va tip khach hang lya
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chon Sau U® = {J\U"}. Doanh thu cua Truwéc s& la p" =Xcyrw; =

Y.je;W; — p° con doanh thu ciia Sau s& la p® = Y cpys wy = Xje; w; —p'.

Yéu cau bai toan 1a tim ra tp co s& X cho Trwdc sao cho lgi nhuan cua ho
nhan dugc 13 nhidu nhat cho du Sau c6 lya chon co s& Y nao di nita. Bai toan
tim tip co s& Y t6i wu cho Sau khi biét trugc X duoc goi la bai toan (r|Xp)-
trung vi ((r|Xp) — medianoid) va n6 da duoc Hakimi ching minh 1a NP-kho
[16]. Noltemeier cung cac cdng su [25] da chirng minh bai toan tap co s& X cho
Truéc co @6 phuc tap 1a Y5 —kh6 ngay ca khi ma tran (d;;) 1a ma tran khoang
cach Euclide trén mat phang.

Bai todn dwéi dang quy hogch hai meic. Bai toan (r|p)-trung tim co thé
phat biéu dudi dang bai toan tim minimax trong bai toan quy hoach hai muc.
Ky hi¢u:

1 néu Truwdc mé co sd i
i = { 0 néu ngwoc lai (1.13)
= {1 neufau mo co sé i (1.14)
0 néu ngwoc lai
, = {1 néu khach hang j dwgc Trwéc phuc vu (1.15)
7 0 néu khach hang j dwoc Sauphuc vu '

Khi d6X = {iel | x=1,Y = {iel |y = 1}. V&i mdi khich hang
J, chung ta dinh nghia tap co s& I;(X) cho phep Sau “thu hut” khach hang j.

1.(X) :{i e 1d, <min{d, | % :1}} (1.16)
lel
V6i cac ky hiéu nhu trén, bai toan (r|p)-trung tdm duoc biéu dién nhu
Sau.
mngwjz’;(X),
DX = p, (1.17)
x e{0Liel,

Véi z7(X), y; (X) 1a phuong 4n t0i wu thi bai toan Sau s& la:
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max > w;, (1-z,),
y.z jed
y, =T,
; (1.18)

1-z,< >y, iel,

el (X)

yi,ZJ— E{0,1}, iE I,jEJ.

Luu y rang, him muc tiéu W*(X)=ZWJ.2’;(X)1& tong loi nhuan cua
jed

Pi c6 nhiéu thuat toan dé xuat cho bai toan nay [8] [37] [9]. Pic biét,
Davydov cuing cac cong su [9] theo tiép can metaheuristics da dé xuat hai thuat
todn VNS (Variable Neighborhood Search) va STS (Stochastic Tabu Search)
giai gan ding nhanh bai toan ciia Trudc, trong d6 ho dung phan mém CPLEX
(mot phan mém cua IBM cung cap nham giai cac bai toan quy hoach tuyén tinh)
dé tim 10i giai t6i wu cho Sau mdi khi biét cac co s cua Trudc; Alekseeva cling
cac cong su [5] phat trién thuat toan IM giai dung bai toan Trudéc, trong d6 cling
str dung phan mém CPLEX cho toan Sau. Két qua thuc nghiém cho thiy uu
diém cua cac thuét toan nay so vdi cac thuat toan da biét trude do.

1.6. Baitoan bd tri vi tri xay dung

B4 tri vi tri xdy dung (Construction Site Layout Problem - CSLP) 1a mot
nhiém vu quan trong can duoc xem xét can than trong cong tic quy hoach xay
dung. Muyc tiéu ctia bai toan CSLP 1a sip xép céc co so nhu: vin phong, nha
kho, phong trung bay, ... trong khong gian cua mét dy an xay dung mot cach
hop ly. Thong thuong nhiém vy nay duogc thyc hién boi cac nha quan Iy xay
dung. Tuy nhién, quyét dinh ndy thuong dugc dwa ra dya trén truc giac, thi
nghiém va kinh nghiém. Viéc bé tri hop Iy cac co s& & gop phan lam giam thiéu
chi phi xay dung, thoi gian van chuyén, xu Iy vat lieu va giam thiéu viéc di
chuyén nguyén liéu hay trang thiét bi, dac biét dbi véi cac du an 1on.

C6 rét nhiéu ham muc tiéu cho bai toan dd duoc cong bd, tuy nhién hai
ham muc tiéu sau day duoc cac nghién ctru rong rdi va pho bién nhat,

1.6.1. Ham muc tiéu thir nhat
Ham muc tiéu thtr nhat dugc chia nho ra thanh ba trudng hop @ng vai ba

loai diéu kién khac nhau trong thyuc té, ta ki hiéu cac trudng hop nay lan luot 1
TH1, TH2 va TH3.
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Trong TH1, bai toan duoc gia dinh rang cac vi tri 1 c6 sin va mdi vi tri
duoc phép dit duy nhat mot co sd [14]. Cac co s duoc hra chon dugc liét ké
trong bang 1.1.

Bang 1.1. Ky hiéu cac co so

Co so Ki hi¢u

Site office SO
Falsework shop FS
Labor residence LR
Storeroom 1 S1
Storeroom 2 S2
Carpentry workshop CW
Reinforcement steel workshop RW
Side gate SG
Electrical, water and other utilities control room | UR
Concrete batch workshop BW
Warehouse w

Céc co so trong dy an thudng c6 su két ndi kha chat ché véi nhau, vi du
nhu: mot nhan vién thuong di chuyén giira Site office va Concrete batch
workshop nhung lai rat hiém khi di chuyén tir Site office t6i Storeroom. Do d6
cac dia diém dé dit cac co so s& dugc lya chon can than dé giam thiéu tong chi
phi van chuyén va d6 ciing 1d muc tiéu bai toan. Téng khoang cach duoc dinh
nghia nhu trong ham (1.19) va (1.20)

MinF =33 35, f,d, (1.19)
i=1 x=1 j-1

sao cho:

iaxi =1{i=12,..,n} (1.20)

V6in 1a s0 lugng co s6, &, 1a ma tran hoan vi. H¢ s6 f, 1a tan suat di

chuyén dugc thuc hién boi nhan vién gitta co sd i va co sd j. Tir d6, co thé thay
f,bang f,. Tan s6 nay bicu thi bang s6 lugng di chuyén trong mot khoang thoi

gian nhat dinh, thong thuong i mot ngay. Hé s6 d; 1a khoang cach gitra vi tri i
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va vi tri j. Do d6, ham muc tiéu F 14 tong khoang cach di chuyén duoc thuc hién
béinhan vién. Hinh 1.2. dudi 3 vi du vé mot dy an véin = 11.

[

- Available location

main ...

gate

|
Hinh 1.2. Cdc vi tri biéu dién mét dw dn xdy dung
Tan sut di chuyén (trong mot ngay) giita céc co sé dugc cho trong bang 1.2.

Bang 1.2. Tan sudt di chuyén giita cdc co sé

SO|FS|LR|S1|S2|CW|RW|SG|UR|BW | W
SO| 0|52 |21 1 4 1] 2] 9 |1
FS| 5|0} 2 |5|1] 2 7 (8| 2| 3|8
LR 2 (2| 0|74 4 9 4| 5| 6 |5
S1| 2|57 08| 7 8 1] 8| 5|1
S2 |1 1|14 80| 3 4 1| 3] 3|6
cwi 1124 |7|3| 0 S | 8| 4| 7 |5
RW| 4|79 |84 5 O (7] 6| 3 ]2
SG| 1|84 |1]1| 8 7 10| 9| 4|8
UR| 2| 2|5 |8|3| 4 61910 5|3
BW| 9 3|6 |5|3| 7 3145|015
W| 1 |8|5|1|]6] 5 2 |8 3| 5|0

Nhin bang trén ta c6 thé thy tan sé di chuyén giira tir mot co sd dén coso
khac va nguoc lai 1a nhu nhau, hay noéi cach khac ma tran tan s f; 1a ma tran
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d6i xang qua duong chéo chinh. Vi dy, tan sé di chuyén tir SO dén BW va
nguoc lai déu bang 9.

Khoang cach giita cac vi tri do bang don vi mét (m) va duoc cung cap &
bang 1.3 dudi day.

Bdng 1.3. Khodng cdch giita cdac co so (don vi m)

1 (2 (3 (4|56 |78 |9 (10|11
0[15(25(33|40(42|47|55|35(30|20
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42127117191 2|1 0| 5115({35({40|50
4713212214 7| 5| 0(10(30|35|40
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TH2 1a trwong hop maé rong tir TH1 véi Site gate va Main gate phai luon
duoc dat twong Gng & Vi tri thir 1 va vi tri thi 10. Picu nay dugc xac dinh dua
trén doi séng thuc té. Trong xay dung, Main gate va Side gate thuong dugc xac
dinh dau tién va nam & nhiing Vi tri quan trong thuan loi cho viée ra vao. Do do,
Main gate va Side gate dugc dinh vi trén nhirng vi tri xac dinh trudc.

TH3 duoc gia dinh réng cac co sO nhu: Site office, Labor residence,
Concrete batch shop khong thé duoc dit & nhitng vi tri thir 7 va 8 [20]. Truong
hop nay duoc sir dung dé minh hoa cac han ché, trong d6 cac co sd ¢6 kich
thuoc Ion s€ khong duoc phép dat & nhiing vi tri nho.

1.6.2. Ham muc tiéu thir hai

Ham muc ti€u thir hai dugc dwua ra vai hai loai trrong hop tng véi cac bd
dit liéu khac nhau, chung ta s& ki hiéu cac trudng hop do6 lan lwot 1a TH4 va
THS.

Muc tiéu bd tri co s& & phan ndy 1a chi phi khoang cach giita cac ddi
tuong lién k&. Bai toan duoc mo phong boi Yeh [38] va Mawdesley [23] cing
cac cong su. Bai toan CSLP con ¢ thé duge xdy dung nhu sau:
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n n n n n
MinF=> >5,C, +ZZZZ Oy A (1.21)
x=1 i=1 x=1 i=1 y=1 j=1
sau cho:
5,; =0if 5, =1and y = x (1.22)
5, =1if 6, =1landi # j (1.23)

V6i ham muc tiéu F duge tinh bang tong céc tich cua khoang cach va chi
phi. §,,1a gia tri cua ma tran hoan vi (=1 néu co s& x dugc dit vao vi tri i), C, la
chi phi xdy dyng co s¢ x ¢ Vi tri i. A, =1 néu vj tri i Ia hang x6m cva vi trf j,

D,, 1a chi phi tuong tac gitra co s& x V&ico s y. Hinh 1.3. la mot vi du véin =

12.
=R E
i Site Gate
i Building 1
|
[
I Building 2

%:Le
E-oundar\
Main Garte

Hinh 1.3. Vi du vé m¢t dw dn xdy dung

Trong TH4, c6 hai toa nha duoc dat ¢ dinh trén mot khuon vién va 12 vi
tri c6 san dé dat cic co so tién ich nhu: Reinforcing steel shop 1 (R1),
Reinforcing steel shop 2 (R2), Carpentry shop 1 (C1), Carpentry shop (C2),
Falsework shop 1 (F1), Falsework shop2 (F2), Concrete batch plant 1 (B1),
Concrete batch plant 2 (B2), Job office (JO), Labor residence (LR), Electricity
equipment and water-supply shop (E), Warehouse (W). Ma tran chi phi xay
dung C, ma tran chi sé cac vi tri lang giéng A va ma tran chi phi twong tac D
duoc cho twong tng & cac bang 1.4, 1.5 va 1.6.

Bdng 1.4. Ma tran chi phi xday dung (C)
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Bang 1.5. Ma trdn ldng giéng (A) trong TH4
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Bdng 1.6. Ma trd@n chi phi twong tdac giita cdc co so (D) trong TH4
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TH5 ciing twong ty nhu TH4 chi khac nhau vé ma tran vi tri lang giéng A
va ma tran tuong tac D. Cac ma tran nay duoc cho tuwong ung ¢ bang 1.7, 1.8

Bang 1.7. Ma trdn ldng giéng (A) trong TH5

nhu sau:
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Bdng 1.8. Ma trdn chi phi twong tdac giita cdc co so (D) trong TH5
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Bai toan CSLP dugc phan loai la bai toan phan loai bac hai va né da duoc
ching minh 1a NP-kho [24]. C6 rat nhiéu phuong phap khac nhau dé giai quyét
bai toan bao gdm ca viéc ap dung céc thuét toan chinh xac chang han nhu nhanh
can...hay céc thuat toan g?m dung nhu: PSO, GA, va ACO...

Phuong phap GA di duoc ap dung rong rii cho viéc giai quyét bai toan
CSLP [20]. Mawdesley cting cac cong sy da dé xuat mot giai thuat ma céac chi
phi di chuyén dugc mé phong st dung thuat toan GA ting cudng (augmented
GA) [23]. Ka Chi Lam cung cac cong su [19] da dé xuat mot thuat toan két hop
thuat toan Max-Min Ant System (MMAS) véi GA.

Thuat toan PSO duya trén qué trinh t6i vu héa ngiu nhién duoc ldy cam
hang tir hanh vi tu nhién ctia cic con vat nhu chim, ong, c4. Mdi ca thé trong
dan c6 thé dugc sir dung lam dai dién cho mét 1oi giai cua bai toan. Mot bay dan
gom rét nhiéu c4 thé duoc khai tao & cac vi tri ngdu nhién s& bay vé phia vi tri
t61 wu theo mot con dudng ma ludn dugc cap nhat kip di 1dp lai dva trén vi tri
hién tai tot nhat cta cac ca thé. Trong [39] Zhang va Wang da dé xuat mot
phuong phap dua trén thuat toan PSO dé giai quyét cac cong trinh xdy dung
khong dong déu, bai toan vi tri co so.

Thuat toan ACO 1a mdt thuat toan metaheuristic duoc 1y cam hang tir
sinh hoc bat chudc hanh vi cua kién trong qué trinh tim kiém thic an. Thuat
toan nay da duoc Dorigo cung cac cong su [12] dé xuat dua trén quan sat tir dan
kién thuc. Trong thuc té tu nhién, cac con kién bat dau tim kiém thic an mot
cach ngau nhién. MJi con kién s& chon cac hudng di khac nhau va con kién di
trén con dudng ngan nhat sé cd xu hudng dé lai vét mui pheromone véi ndong do
cao hon cac con dudng khac, nhu vay, cac con kién 1an can s& ngiri thay vét mui
& cac duong di c6 nong d6 cao va co xu hudng tham gia vao con dudng ngan
nhat va tiép tuc lam ting vét mui Ién. Cac con kién sé tiép tuc tham gia qua trinh
ndy cho dén khi phan 1on lwong vét mui dugc hoi tu trén con dudng ngin nhét.
Pé ap dung ACO, céc bai toan tdi vu héa duoc chuyén thanh bai toan tim con
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duong tot nhat trén mot dd thi co trong sb. Ning va Liu [24] da st dung thuat
toan MMAS nhu mot cai tién cua thuat toan ACO dé giai quyét bai toan CSLP.
Gharaie [14] cung cac cong sy da ap dung ACO dé giai quyét bai toan CSLP
tinh trong mot du an xay dung.

Gulben Calis va Orhan Yuksel [6] trinh bay mot thuat toan lai gitta ACO
va tim kiém dia phuong (2-opt). Trong [7] Gulben Calis va Orhan Yuksel dé
xuat mot thuat toan két hop giira ACO vé6i Phéan tich Parametric (PA) va tim
kiém dia phuong (2-opt) cho két qua tot hon so véi nhitng nghién ctru trude day.
Adrian [3] da @& xuat cach thic hra chon tham sé t6i wu cho 3 thuét toan GA,
PSO va ACO. Qua thuc nghiém, 6ng két luan rang ACO duoc xem I3 nhanh
nhat trong s6 ba thuat toan khi 4p dung vao bai toan CSLP.

1.7. Baitoan bd tri co'sé theo hang

Bai toan bé tri co s theo hang (Single row facility layout — SRFL) 1a mot
bai toan dic biét cua bai toan vi tri co sd, gid sur cac co s& dugc sap xép trén mot
hang dai, mdi co s& i ¢6 do dai L, (L, >0). Mot ma tran kich thuéc nxn dugc
ky hiéu la ¢ =(c,) V6i C,la chi phi van chuyén tir co s& i dén co s¢ j. Mot
phuong an 11 duoc goi 1d mot cach sap Xép cac co s& thanh hang theo thir tur

M={z,.. 7.} trong d6 g vitri { dit co sé L gnhi do, chi phi dugc tinh
nhu sau:

n-1 _n
Mlnlmlzez:Zcﬂiﬂjdﬂi”j

b (1.24)
VoI
d,, =l 12+ 1, +1 /2

i<k<]j (1 25)

14 khoang céch giita trung tim co s¢ dén trong phuong an sap xép. Muyc tiéu cua
bai toan Ia tim ra phuong an sap xép sao cho ham muc tiéu thu duoc 1a nhé nhét.

SRFL 1a mdt bai toan thuoc loai NP-kho va di c6 nhidu phuong phép
chinh x4c ciing nhu xap xi dugc dé xuét giai. Cac phuong phap chinh xac duoc
cac tac gia cong bd nhu: Thuat toan nhanh can, thuat toan quy hoach tuyén tinh
nguyén (integer programing), thuat todn quy hoach dong, phuong phdp si€u
phang cét (cutting plane). Tuy nhién, cac phuong phap chinh xac déu cé nhugc
diém chung 1a gip khé khan khi giai quyét mot khdi wong lon cac tinh toan va
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bo nhé luu trir Véi s6 lwong co sd I6n. Chinh vi vay, céc thudt toan heuristic va
metaheuristic d3 dugc dé xuat 1dm giam chi phi tinh toan va thoi gian chay cua
thuat toan ma van cho nhiing li giai chap nhan duoc. Solimanpur [34] dé xuat
thuat toan ACO va PSO dugc Samarghandi dé xuét [31]. Feristah Ozcelik [27]
da dé xuat giai thuat lai gitra giai thuat di truyén va tim kiém dia phuong. Sinem
[33] dé xuat thuat toan dan doi giai bai toan nhanh cho 101 giai tét trong thoi
gian ngan.
1.8. Két luan chwong

Trén day ching ta di tim hiéu cac kién thac tong quan vé do phuc tap
thuat toan, 16p cac bai toan P, NP, NP-kho. Viéc danh gia mot bai toan thudc 1op
nao 1a cong doan dau tién va vo cing quan trong, nd gop phan gitp nguoi lap
trinh dinh hudng va lua chon cac thuat toan giai phu hop cho bai toan.

Céc bai toan dién hinh trong 16p cac bai toan vi tri co s& cung céac thuat
toan da dugc dé xuat giai cac bai toan d6. Chi tiét viéc danh gid, so sanh hiéu
nang cua cac thuat toan s€ duoc trinh bay trong chuong 3.
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CHUONG 2
THUAT TOAN TOI UU HOA PAN KIEN

Toi wu dan kién (ACO) la mot phuong phap metaheuristic dya trén ¥
trong mé phong cach tim dudng di tir to téi ngudn thire an cua cac con kién tu
nhién. Pén nay n6é duoc cai tién da dang va c6 nhiéu tng dung [1]. Trudc khi
gioi thiéu phuong phap ACO, can gigi thiéu phuong thic trao doi thong tin gidn
tiép cua cac con kién thuc va mo hinh kién nhan tao.

2.1. Tirkién thue dén kién nhan tao

Khi tim duong di, dan kién trao doi thong tin gian tiép va hoat dong theo
phuong thic tu to chiic. Mac du don gian nhung phuong thic niy giip cho dan
kién c6 thé thuc hién dugc nhimg cong viéc phic tap vuot xa kha ning cua ting
con kién, dic biét 1a kha nang tim duong di ngan nhat tir to dén ngudn thic an
mic du ching khong c6 kha niang do do dai duong di. Trudc hét ta xem cac dan
kién tim duong di nhu thé nao ma c6 thé giai quyét dugc cac van dé téi uu hoa.
2.1.1. Kién thuc

Trén duong, moéi con kién dé lai mot chat hoa hoc goi 1a vét mui
(pheromon) ding dé danh dau dudng di. Bang cach cam nhan vét mui, kién c6
thé lan theo dudng di ¢én ngudn thirc in duoc cac con kién khac kham phé theo
phuong thirc chon ngau nhién cé dinh huéng theo nong d6 vét mui. Cac con
kién chiu anh huéng cua cac vét mui cua cac con kién khac 1a y tudng dé thiét
ké thuat toan ACO.

Thi nghiém trén cdy ciu doi

C6 nhiéu thuc nghiém nghién cttu vé hanh vi dé lai vét mui va di theo vét
mui cua loai kién. Mot thuc nghiém duoc thiét ké boi Deneubourg va cac dong
nghiép (Deneubourg, Aron, Goss, & Pasteels, 1990; Goss et al., 1989) nho dung
mot chiéc cau ddi ndi tir to cua loai kién t6i ngudn thirc dn nhu minh hoa trong
hinh 3.1. Ho da thuc nghiém véi ti I& do dai duong r = % gitta hai nhanh ciia
chiéc cau d6i khac nhau, trong d6 I, 13 d6 dai ctia nhanh dai con I a ¢ dai cua
nhanh ngan.

Trong thuc nghiém thiz nhdt, chiéc cau dbi c¢6 hai nhanh bang nhau (r =
1, hinh 3.1.a). Ban dau, kién hra chon dudng di mot cach ty do di tir to dén
ngudn thirc 3n, ca hai nhanh déu c6 kién di, nhung sau mot thoi gian céc con
kién nay tip trung di theo cung mot nhanh. Két qua c6 thé duoc giai thich nhu
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sau: Ban dau khong c6 vét mui ndo trén ca hai nhanh, do d6 cac kién hra chon
nhanh bét ky Vi xac sudt nhu nhau. Mot cach ngau nhién, s& c6 mot nhanh cé
s6 lwong kién lya chon nhiéu hon nhanh kia. Do kién dé lai vét mui trong qua
trinh di chuyén, nhanh c6 nhiéu kién lya chon s& c6 ndong do6 mui 16n hon néng
d6 mui ctia nhanhcon lai. Nong d6 mui trén canh I6n hon sé& ngay cang 16n hon
vi ngdy cang c6 nhiéu kién hra chon. Cudi cung, hau nhu tit ca cac kién s& tap
trung trén cung mot nhanh. Thuc nghiém nay cho thayla su tuong tac dia phuong
gitta cac con kién nho thong tin gian tiép qua vét mui dé lai ma c6 thé diéu chinh
hoat dong vi mo cua kién.

15 cm

Nest ‘ Food Nest 1 (X 2 Food
v
(b)

Hinh 2.1. Thi nghiém trén cdy cau doi
() Hai nhanh c6 d6 dai bang nhau.
(b) Hai nhanh c¢6 d6 dai khac nhau.

Trong thuc nghiém thi hai (xem hinh 2.1b), d0 dai gitra nhanh dai hon
gap d6i nhanh ngan hon (ti Ié r = 2). Trong trudng hop nay, sau mdt thoi gian
tat ca cac kién chon di duy nhit theo dudong ngan hon. Ciing nhu thuc nghiém
thir nhat, ban dau kién lya chon dudng di theo hai nhanh nhu nhau, ta c6 thé gia
sir mot nura kién di theo nhanh nge"ln va mot nira di theo nhanh dai (mac du ng?tu
nhién nhung van c6 thé mot nhanh s& c6 nhiéu hra chon hon nhanh khac). Tuy
nhién thuc nghiém nay khac voi thuc nghiém trén: boi vi mot nhanh ngan hon
nhanh kia nén cac kién hra chon theo nhanh ngin hon s& nhanh chong quay tré
lai tir ngudn thire an vé to va phai hra chon gitta nhanh ngén va nhanh dai, ndng
d6 mui trén nhanh ngin dang cao hon ndng d6 mui trén nhanh dai, do d6 nd vu
tién lya chon di theo nhanh ngén hon. That tha vi, chung ta c6 thé quan sat théy
rang, voi nhanh dai gip doi nhanh ngin thi khong phai tat ca cac kién ciing déu
di theo nhanh ngén hon va phai mat mot thoi gian nita thi cac kién nay sé& di theo
nhanh ngin hon. Piéu nay duoc hiéu 1a mot loai tham do, tim dudng moi.

(a)
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Mot didu thu vi nira 14 diéu gi s& xay ra néu sau khi hoi tu lai xuat hién
mot duong méi tir to dén ngudn thirc an. Viée nay duoc thuc nghiém nhu sau:
Ban dau tir t6 ¢én ngudn thirc an chi cé6 mdt nhanh dai va sau 30 phut thi thém
mot nhanh ngin (xem hinh 3.2). Trong trudng hop ndy, nhanh ngan thudng
khong dugc kién chon ma chung tip trung di trén nhanh dai. Diéu ndy c6 thé
giai thich bai ndng d6 vét mui trén canh dai cao va do sy bay hoi cham cua vét
mui nén dai da s6 cac con kién lra chon cac nhanh dai (vi ndng d6 vét mui cao)
va hanh vi nay tiép tuc cung ¢ trén nhanh dai, ngay ca khi mot nhanh ngan xut
hién. Viéc bay hoi vét mui c6 thé co loi cho viée tim dudong méi, nghia 14 viéc
bay hoi c6 thé gitp kién quén di duong di toi uu cuc b dé tim duong di mai tot
hon c6 thé duge kham pha.

A 30 min N

1
ﬂwﬁ ~ m\/ﬂ

\J

Hinh 2.2. Thi nghiém ban dau chi mét nhdnh dai va sau 30 phit thém nhinh
ngdn

2.1.2. Kién nhén tao

Qua thuc nghiém cay cau d6i ta nhan thay rang dan kién trong ty nhién co
thé sir dung luat di chuyén theo xac suat dua trén thong tin dia phuong dé tim
duoc duong di ngan nhat gitra hai dia diém. V&t mui cta dan kién lam ta lién
tudng to1 cach hoc tang cuong (reinforcement learning) cho bai toan chon tac
dong toi wu goi Mo Mot md hinh mé phong cho bai toan tim duong di ngan nhat
gitra hai nut (twong tng 13 t6 va ngudn thic 3n) trén d6 thi, trong d6 ding céc
tac tir (agent) 1Am con kién nhan tao.

Tuy nhién, trong céc bai toan tng dung thi cac d6 thi phuc tap hon, tir mdi
dinh c6 nhiéu canh nén néu mé phong trung thuc véi kién tu nhién thi nhiéu con
kién s& di luAn quan va hiéu qua s& rat kém. Vi vay ngudi ta dung da tac tir
(multiagent) 1dm dan kién nhan tao, trong d6 mdi con kién c6 nhiéu kha ning
hon kién ty nhién. Mdi con kién nhan tao (vé sau sé& goi 1 kién) c6 bd nhé riéng,
cO kha nang ghi nhd cac dinh da tham trong hanh trinh va tinh dugc d6 dai
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duong di né chon. Ngoai ra céc con kién ¢6 thé trao dbi thong tin c6 dugc Véi
nhau, thuc hién tinh toan can thiét, cap nhat mui. ..

Nho céc con kién nhan tao nay Dorigo [12] da xay dung hé kién (AS) giai
bai toan nguoi chao hang, hi€u qua cta né so vdi cac phuong phap mé phong tu
nhién khéc nhu SA va GA da duoc kiém ching bang thuc nghiém va dugc phat
trién va tng dung phong pht vdi tén goi chung 1a phuong phap ACO.

2.2. Phwong phap ACO cho bai toan TUTH tong quat

2.2.1. Do thi cdu triic

Xét bai toan t6i wu t6 hop (TUTH) tong quat dudi dang bai toan cuc tiéu
hoa (S, f, ), trong @6 S 1a tap hiru han trang thai, f la ham muc tiéu xac dinh
trén S con 2 1a céc rang budc dé xac dinh S qua cac thanh phan cua tap hiru han
C va céc lién két cua tap nay. Cac tap S, C va 2c¢o céac dac tinh sau.

1) Ky hi€u X 1a tap cac xau trong C do dai khong qua h: X = {< ug,...,u; >
u; C Vi <k <h}, khi 6 mdi phuong 4n s trong S dugc xac dinh nho it nhat
mot xau trong X nhu & diém 2.

2) Ton tai tap con X*ctia X va anh xa @ tir X* 1én S sao cho ¢~ (s) khong rong
VGi Moi s S. Trong d6 tap X*c6 thé xay dung duoc tir tap con C, ndo d6 cua
C nhd mé rong tuan tu dudi day.

3) Tir C, mé rong dugc thanh X *theo thi tuc tuan tu:
) xo = < uy >1a mo rong duoc voi moi u, €C,.

i) Néu x,. =< uy,...,u; > la mo rong duogce thi tir cac rang budc Q xac dinh
duoc tap con J(x,) cta C sao cho Vi moi Uy, € J(x) dé Xy, =<
Ug,..., Uy, Uy > 1a md rong dugc hoic x, e X* khi J(x,) 1 rong.

i) Voi moi u, €C,, thi tuc mé rong néu trén xay dung duoc moi phan tir
cuaX’.

Mdi bai toan TUTH dugc xem nhu mot bai toan tim kiém xau do dai
khong qué h trén @6 thi ddy c6 cac dinh c6 nhin trong tap C. Dé tim cac 1oi giai
chap nhan duoc, ta xdy dung d6 thi day véi tap dinh V ma mdi dinh cua nd
trong ¢ng Vi moi thanh phan cua €. Cac 10 giai chap nhan duogc & 1a cac xau
duoc tim theo thil tuc tuan tu hay 1a budc ngau nhién nhu mo ta chi tiét trong
muc 3.2.2.
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Thong thuong, d6i Véi cac bai toan thudc loai NP-kho, nguoi ta co cac
phuong phap heuristic dé tim 10i giai du tot cho bai toan. Cac thuat toan ACO
két hop thong tin heuristic nay voi phuong phap hoc tang cuong nhd moé phong
hanh vi cua dan kién dé tim 10i giai tot hon.

Gia st voi mdi canh ndi cac dinh i, j & € c6 trong sé heuristic h; ; dé dinh
hudng chon thanh phan ma rong 14 j khi thanh phan cudi cua x;, 13 i theo thi tuc
tuan tu néu trén (hy; > 0 (i, j)). Ky hiéu H 1a vecto cac trong sé heuristic cta
canh twong tmg (trong bai toan TSP nd co thé 1 vecto ma thanh phéan 1a nghich
dao d6 dai cua canh tuong tmg), con i vecto biéu thi cac thong tin hoc ting
cudng 7 ; (Ve sau goi 1a vét mui, ban dau dugc khéi tao bang 7,>0) dinh huéng
MG rong x;, VGi thanh phan cudi 13 i nho thém thanh phan j theo tha tuc tuan ty.
Truong hop dac bict, h; ; va t; ; chi phu thudc vao j thi cac thong tin nay chi daé
& cac dinh twong Gmg. Khong giam tong quat, ta s& xét cho trudng hop céac thong
tin nay & cac canh.

Khi d6 ta goi dd thi G = (V,E, H, 7) 1a d6 thi cdu triic clia bai toan toi uu
t6 hop dang xét, trong d6 V 14 tap dinh, H vada cac théng tin dd ndi & trén con E
14 tap canh ndo d6 cua do thi sao cho tir cac canh ndy c6 thé xay dung dugc tap
X* nhd mé rong tap C, theo tha tuc tuan tu. Néu khong co thong tin heuristics
thi ta xem H ¢ cac thanh phan nhu nhau va bang 1.

Truong hop tong quat, G 1a @6 thi day, tuy nhién tuy theo rang budc cua
bai toan ma cac canh c6 thé giam bét dé giam mién tim kiém 1o giai theo tha
tuc tuan ty. Chang han, véi bai toan tim cuc tri cua ham giai tich f(xy, ...,xn) trong
d6 xi thudc tap gia tri hitu han V; thi d6 thi cu trac c6 tap dinh V=U™, V;, céc
dinh phan bé thanh n ting va tang I chtra cac dinh thudc tap Vi con tap canh E
chi gém cac canh ndi cac dinh thudc tang i véi cac dinh thugc tang i + 1 (i =
1,2,..,n — 1) nhu trong hinh 3.3. Khi d6 tap Co la tap V1, mdi i giai tuan tu s&
dugc mo rong tir mot dinh thudc tap nay.
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Hinh 2.3.Dé thi Cdu triic tong qudt cho bai todn cuc tri ham f(x,...x,)

Véi @b thi cau trac da xac dinh, thuat toan ACO tuong ung thuc hién theo
luge db dudi day.

2.2.2. M td thudt todn ACO tong qudt.

Véi diéu kién két thic da chon (co thé 1a s6 budc lap hodc/va thoi gian
chay cho trudc), ngudi ta ding dan kién m con thuc hién kip xay dung 1o giai
trén d6 thi cau trac G = (V, E, H, 7) nhu sau: Trong mdi lan lap, mdi con kién
chon ngau nhién mot dinh u, € C, 1am thanh phan khai tao x, = {u,} va thuc
hién xay dung loi giai theo tha tuc budc ngau nhién dé xay dung 1oi giai. Dua
trén 10i giai tim duoc dan kién s& thyc hién cap nhat mui theo cach hoc tang
cuong.

Thui tuc budc ngdu nhién:

Gia st x, =< ug,..., Uy > la mo rong duogc, tur cac rang buoc Q xac dinh
dugc tap con J(x,) cua C sao cho voi moi uy,;eJ(x) thi X, =<
Ug, ..., U, Uksq > 13 m& rong dugc hodc x, eX* khi J(x) 1a rong. Pinh j =
Upyq dé Mo rong dugc chon véi xac sut P(j) nhu sau:

7% s s B )
P(j) = Zle][(;g[f[il;é][hil]ﬁ J €J(%) (2.1)
0 Jj €J(xx)
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Qua trinh md rong tiép tuc cho tgi khi kién r tim dugc 10i giai chap nhan
dugc x(r) trong X* va do d6 s(r) = @(x(r)) €S. Khi d6 ta noéi canh (i,y)
thugc x (7).

Cap nhat mui:

Tuy theo chit lwong cua Ioi giai im dwge ma vét mui trén mdi canh s&
dugc diéu chinh ting hoic giam tiy theo danh gida mirc d6 uu tién tim kiém vé
sau. Luwong mui cap nhat theo mdi quy tic cap nhat mui khac nhau cho ta céac
thuat toan khac nhau. Vi vay, quy tic cap nhat mui thuong dung 1dm tén goi
thuat toan. Pa s6 trong chiing déu c6 dang:

T, < (1=p)t;; +AG ),V (0,)) (2.2)

d6i Vi cac canh dugc cap nhat, trong d6 p 1a hang sb thuoc khoang (0,1) 1a ty 18
lwgng mui bi bay hoi.

Cac buac thuc hién cua cac thuat toan ACO dugc dac ta trong hinh 2.4.

Procedure of ACO algorithms;
Begin
Initialize;// khoi tao ma tran mui, khéi tao m conkién
Repeat
Constructsolutions;  // mdi conkién xay dung 1oi giai
Update trail; /I cap nhat mui
Until End condition; //diéu kién két thic
End;

Hinh 2.4. D4c ta thudt toan ACO
Nhdn xét chung vé cdc thudt toan ACO
Nho két hop thong tin heuristic va thong tin hoc ting cudng nhd méd phong hoat
dong cua dan kién, cac thuat toan ACO c6 cac uu diém ndi troi sau:
1) Viéc tim kiém ngdu nhién dua trén cac thong tin heuristic 1am cho phép tim
kiém linh hoat va mém déo trén mién rong hon phuong phap heuristic san cé, do
d6 cho ta 10i giai tot hon va c6 thé im dugc i giai toi vu.
2) Su két hop hoc ting cudng thong qua thong tin vé cudng do vét mui cho phép
ta timg budc thu hep khong gian tim kiém ma van khong loai bo cac 10i giai tot,
do d6 nang cao chét luong thuat toan.
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Chu y. Khi 4p dung phuong phap ACO cho mdi bai toan cu thé, c6 ba yéu td
quyét dinh hiéu qua thuat toan:

1) Xay dung dé thi cdu tric thich hop. Trong muc 3.2.1 ta di chi ra rang
viéc xay dung @6 thi cau tric dé tim duoc o1 giai cho bai toan theo thu tuc tuan
tu khong kho. Khé khan chinh 1a véi cac bai toan ¢ lon thi khong gian tim
kiém qua rong, doi hoi ta stir dung cac rang budc Q mdt cach hop ly dé giam
mién tim kiém cho méi con kién.

2) Chon théng tin heuristic. Thong tin heuristic tot s& tang hiéu qua thuat
toan. Tuy nhién, nhiéu bai toan ta khong c6 thong tin nay thi c6 thé danh gia
ching nhu nhau. Khi d6 lac ban dau, thuat toan chi don thuan chay theo phuong
thirc tim kiém ngdu nghién, vét mui thé hién dinh huéng cua hoc ting cuong va
thuat toan van thuc hién duoc.

3) Chon quy tac cdp nhdt mui. Quy tac cap nhat mui thé hién chién lugc
hoc cua thuat toan. Néu d6 thi cdu tric va thong tin heuristics luén phu thuoc
vao timg bai toan cu thé thi quy tic cap nhat mui la yéu té phd dung va thuong
dung dé dat tén cho thuat toan.

Pé hiéu 16 phuong phap ACO, dudi day gisi thidu cac thuat toan ACO
dién hinh giai bai toan ngudi chio hang.
2.3. Phuong phap ACO gidibai toan TSP

Bai toan ngudi chao hang (Traveling Salesman Problem: TSP) 1a bai toan
¢ nhiéu ¢ng dung trong thuc té. N6 thudc loai NP-kho va duge xem 1 bai toan
chuin dé danh gia hiéu qua cua cac thuit toan giai cac bai toan TUTH méi.
Thuat toan ACO dau tién duoc goi la hé kién (Ant System: AS), cac thuét toan
ACO Vé sau 1 cai tién cua AS va déu dung bai toan TSP dé thir nghiém chat
lugng.

2.3.1. Bai todn TSP va dé thi cdu tric

Bai toan TSP xuat phat tir thuc t&, mot nguoi gidi thidu san pham mudn
tim mot hanh trinh ngan nhat xuat phat tir thanh phd ctia minh di qua tit ca cac
thanh phd ma khach hang can gigi thiéu san pham vasau do trd vé thanh phd
Xuat phat voi dicu Kién cac thanh phé cua khach hang chi di qua dting mot lan.

Vé phuong dién todn hoc, bai todn TSP 1a mdt bai toan tim chu trinh
Hamilton c6 d6 dai ngan nhat trén d6 thi day c6trong s6 G = (N,A), trong d6 N
la tap cac dinh tuong tng vai tap cac thanh phd, A 14 tap cac canh ndi cac thanh
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phd Véi trong sb 1a do dai twong tmg. Cha ¥ rang néu do thi khong phai day du
ta luén co thé thém cac canh con thiéu dé nhan duoc mot dd thi moi ¢ day du
va trong s cac canh nay du lon déhanh trinh t6i wu trén G’ ciing 14 hanh trinh t6i
uu trén G. Ta ky hiéu do dai mdi canh (i,j) € 4 1a d;; tuong Gng véi khoang
cach gitta thanh phd i va thanh phd j (véi moi i,j € N). Trong trudng hop tong
quat 1a bai toan TSP duoc xét trén d6 thi c6 hudng vakhoang cach giita cap dinh
i,j 6 thé phu thudc vao huéng cia canh, khicé it nhat mot canh ma d;; # d;
thi ta noi bai toan la khong doi xung va ky hiéu la ATSP, nguoc lai thi 1a bai
toan doi ximg (udn ¢6 d;; = d;; Vi, j).

Nhac lai rang chu trinh Hamilton 13 mot dudng di dong tham tat ca cac
dinh, mdi dinh dung mot lan. Muc tiéu cua bai toan TSP 1a tim mot chu trinh
Hamilton trén d6 thi c6 do dai ngan nhat. Do d6, 10i giai téi wu ctia bai toan TSP
1a mot hoén vi r cua tap n dinh {1, 2,..,n} (n = |N|) sao cho ham d¢ dai f ()
14 nho nhat, trong d6 f(r) bang:

f(m) = Z?=_11 dn(i)n(i+1) + dn(n)n(l) (2.3)
Théng tin heuristic trén canh (i,j) theo truyén thong thay cho h;;s& ky hiéu
1 7 va la nghich dao cita d6 dai canh 7, = — V (i, ). Trong tét ca cac thujt
ij

toan ACO gidi bai toan TSP, vét mui duoc dinh trén cac canh va do do 7;; dung
dé chi thong tin hoc ting cudng cho mé rong truc tiép 1o giai tir i dén ;.

Khi d6 d6 thi cu trac cua bai toan a do thi ddy G = (N, E, H,7). Néu
X =< Ug,..., Uy > la duong dimd rong duoc, tirc 1a cac dinh u; déu khac nhau va
k <nthi](xg) =Ny, 1a cac dinh ma duong x, chua di dén. Cac thuat toan ACO
cho bai toan TSP da c6 déu thuc hiéu trén d6 thi cau triic nay. Cac két qua thyuc
nghiém [12] d3 chi ra hiéu qua ni troi ctia phuong phap nay so véi cac tiép can
khac.
2.3.2. Cac thudt toan ACO cho bai toan TSP

Thuat toan ACO ¢6 thé ap dung truc tiép cho bai toan TSP voi dd thi cau
trac G = (V,E, H,7) di noi & trén c6 khong gian tim kiém 13 c4c hanh trinh c6
thé. Rang budc Q thoa man khi ma hanh trinh do kién xay dung 1a mot hanh
trinh dting, tic 1 chu trinh Hamilton biéu thi mdt hoan vi chi s6 céac thanh phd.

Qua trinh mbi con kién xay dung 1o gia theo thu tuc budc ngau nhién nhu
sau:
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- Lwa chon thanh phd xuat phat cho kién (c6 thé theo mot s tidu chi nao
do).

- Thuc hién lap thi tuc md rong bang cach lap di lap lai viéc thém mot
thanh phd ma kién chua di qua (xem hinh 3.5) cho dén khi tat ca cac
thanh phd déu duoc thim: tinh xac sudt hra chon dinh méi nho gid tri
thong tin mui va thong tin heuristic roi chon ngau nhién dinh méi thém
vao theo phan bb ngau nhién nay.

- Quay tro lai thanh phd xuat phat.

an
9

A\ ¥
\“‘\ .
P ,r.\.%
\k_/l - U “

Hinh 2.5. Lua chon dinh di tiép theo khi kién

Sau khi tat ca cac kién xay dung xong hanh trinh, cac kién s& dé lai vét
mui trén céc canh ma kién da di. Trong mot sé trudng hop, trudc khi thém mui,
cac hanh trinh xdy dung duoc c6 thé cai tién bang cach ap dung thi tuc tim kiém
cuc bo. Luge d6 thuat toan ACO giai bai toan TSP ¢6 ap dung tim kiém cuc bo
(theo Iwge dd thuat toan memetic trong chuong trude) duge dic ta trong hinh 2.6

Procedure Thuat toan ACOTSP
Begin
Initialize: Khaoi tao vét mui
while Khi diéu kién dimg chua thda méin do
for i=1ton_antsdo
Xay dung loi giai;
Caitién loi giai do kién xdy dung bang tim kiém cuc bg;
Cap nhat 1oi giai tot
Cap nhat mui
end while
End

Hinh 2.6. Dac td thudt toan ACO gidi bai toan TSP.
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Thuat toan ACO dau tién 1a thuat toan AS (Dorigo ndm 1991 dugc gidi
thiéu dé giai bai toan TSP da dat dugc hiéu qua kha quan ban dau nhung chua
phai 1 thuat toan t6t nhat cho bai toan nay. Tuy nhién AS dong vai tro rat quan
trong, cac thuat toan ma rong, cai tién cua thuat toan ACO sau nay déu dya trén
thuat toan AS. Su khac biét chinh gitra cac thuat toan mé rong ctia AS nhu thuat
toan elitist AS, rank-based AS va MAX-MIN...1a cach thirc cap nhat mui cling
nhu viéc quan Iy vét mui. Bang 2.1 cho thay da sé céc thuat toan ACO méi déu
duoc thir nghiém trén TSP trir thuat toan ANTS va hyper-cube framework.
Trong bang nay, dong giao v&i cot TSP 1a ¢6 biéu thi thuat toan twong tmg c6 ap
dung giai bai toan TSP va khong c6 nghia khong thir nghiém cho TSP.

Bdng 2.1.Thudt todn ACO theo thir tw thoi gian xudt hién

Thuattoan ACO | TSP Tac gia va thoi gian cong bo
Ant System (AS) | Co Dorigo (1992); Dorigo, Maniezzo & Colorni
(1991, 1996)

Elitist AS Co Dorigo (1992); Dorigo, Maniezzo & Colorni
(1991, 1996)

Ant-Q Co Gambardella & Dorigo(1995); Dorigo &
Gambardella (1996)

Ant Colony Co Dorigo & Gambardella (1997a,b)

System

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

System

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

ANTS Khong | Maniezzo (1999)

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

Trong cac thuat toan ACO hién nay thong dung nhat Ia hé kién MAX-MIN
(MMAS) va ACS, tuy hiéu qua cta chiing nhu nhau nhung MAX-MIN dé dung
hon con ACS dugc nhém ctia Dorigo quan tdm hon. Dudi day, ching toi gidi
thiéu céc thuat toan AS, MMAS va ACS theo trinh ty thoi gian xuat hién.

2.3.2.1. Hékién AS

Ban dau c6 ba phién ban cua AS ma Dorigo dé xuat 1a ant-density, ant-
quantity va ant-cycle. O phién ban ant-density va ant-quantity, cac kién cap nhat
vét mui truc tiép Ién canh vira di, con trong phién ban ant-cycle vét mui duoc
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cap nhat khi tat ca cac kién da xay dung xong hanh trinh va lrgng mui dugc cap
nhat caa mdi kién phu thudc vao do dai hanh trinh ma kién tim duoc. Hai thuat
toan ant-density va ant-quantity khong hi€éu qua so véi ant-cycle nén khi noéi téi
thuat toan AS nguoi ta chi quan tim dén phién ban ant-cycle.

Hai budc chinh cua thuat toan AS 1a xay dung 1oi giai cua kién va cap
nhat mui. Trong AS, mot 1oi gia tim dwoc bang phuong phap heuristic nao d6
(c6 thé dung phuong phép an tham) duoc ding dé xac dinh vét mui khdi tao.

Ly A N . 5 = A 5 r \ m PR ,
Gia tri vet mui khai tao cho tat ca cac canh lait;; = 74 = WV(l,]), trong d6 m
1a s6 kién, €™ 1a do dai 1oi giai tim duoc cua thuat toan heuristic. Ly do cho
viéc Iya chon nay 13 néu khoi tao vét mui 7, qua thap thi viéc tim kiém c6
khuynh huéng nhanh chéng hoi tu quanh nhiing hanh trinh dau tién tim duoc,
dan dén viéc tim kiém hudng vao ving ndy va chat lugng 1oi giai kém, con néu
khoi tao vét mui qué cao thi c6 thé phai mat nhiéu vong lip dé bay hoi mui trén
cac canh t6i va thém mui cho cac canh tét dé hudng viéc tim kiém vao ving
khong gian c6 chét luong tét.

Xay dung loi gidi

Trong AS, m con kién nhan tao dong thoi xay dung 1o giai. Ban dau céac
kién dugc dit ngiu nhién trén cac thanh phd. Tai mdi budc, kién sé& lya chon
theo x4c suat, goi 1a ngdu nhién theo ti I& (random proportional) d¢é chon dinh
dén tiép theo. Cu thé, kién k dang ¢ dinh i s& hra chon dinh j theo x4c suat:

B
]

[Hﬂahu N k
,héuj € N,
ple = { Eplraletra? "o = T (2.4)

0,néuj €€ N/
Trong 46 n;; = = gia tri heuristic nhu d4 ndi ¢ trén, a, B 14 hai tham s
ij dij

quyét dinh dén su anh hudng twong quan giita thong tin mui va thong tin
heuristic, N¥ 14 c4c dinh lan can ctia dinh i ma kién k c6 thé di dén (Ia tap cac
dinh ma kién k chua dén, x4c suat cho lya chon cac dinh khong thudc N¥ bang
0). Theo quy tic ngau nhién nay, xac suat lya chon canh (i, j) ting theo gia tri
thong tin mui 7;; va thong tin heuristic 7;;. Vai tro cta hai tham s a, B nhu sau:
néu @ = 0, thanh phd gan nhat s& duoc hra chon nhiéu hon, khi d6 thuét toan
tuong duong véi thuat toan chon ngau nhién theo nghich ddo do dai canh ma
khong c6 hoc ting cuong. Néu B = 0, chi c6 thong tin hoc ting cuongbiéu thi
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qua vét mui dugc sir dung makhong cé théng tin heuristic. V&i a > 1, thuat toan
nhanh chéng bi tic nghén (tat ca cac kién sé& lua chon ciing mot hanh trinh) va

.....

Dé cai dat, mdi kién k s& duy tri mot bo nhé M* chira thong tin 1an huot
cac thanh phd ma kién da di qua. Thong tin trong bd nhd dung dé xac dinh céc
thanh phé 1an cén phu hop N. Hon nita, thong tin trong b nhd M* gitip cho
kién tinh duwoc do dai hanh trinh T¥ va dung dé xac dinh cac canh duoc cap nhat
muL

Lién quan dén viéc xay dung 1oi giai, c6 hai cach dé thuc hién: xay dung
|oi giai song song va xay dung tuan tu. Trong cach xay dung song song, tai mdi
budc tat ca cac kién s& di chuyén sang dinh tiép theo, trong khi cach xay dung
tuan tu thi 1an luot ting kién xay dung 1oi giai (mét kién xay dung xong méi
dén kién tiép theo). Chu ¥ ring trong AS, ca hai cach xdy dung ndy 13 nhu nhau
vi khong anh hudng gi dén thuat toan nhung diéu nay khong diing véi thuat toan
ACS.

Cap nhat mui

Sau khi tat ca cac kién xay dung xong hanh trinh, vét mui s& duoc cap
nhat. Viéc nay s& thuc hién nhu sau: trudc tién tat ca cac canh sé& bi bay hoi theo
mot ti I€ khong d64i, sau d6 cac canh c6 kién di qua s€& dugc thém mot rong mui.
Viéc bay hoi mui dugc thuc hién nhu sau:

Trong d6 0 < p < 1 1a hé s6 bay hoi. Tham sb p dugc sir dung dé tranh
sy tich tu vét mui qua nhiéu trén mot canh va gitp cho kién “quén” di cac quyét
dinh sai lam. Trén thuc té néu mot canh khong dugc kién hra chon vét mui
nhanh chéng bi giam theo cip s6 nhan. Sau khi bay hoi, tat ca cac kién sé& dé lai
vét mui ma né di qua:

Tij <« Tij + Z;(n=1 Ale] V(l,]) € E, (26)

Trong do Arf‘j 14 Twong mui do kién k cap nhat trén canh ma kién k di qua. Gia
tri ndy bang:

ck

1 o
AT{‘,- ={ néu canh (i, j)thudcT o

0 ngwoc lai
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Trong d6 C* 1a @6 dai hanh trinh T* do kién k xdy dung, gia tri ndy dugc
tinh bang tong d6 dai cac canh thudc hanh trinh. Theo cong thic (2.6), cac canh
thudc hanh trinh t6t hon s& dugc cap nhat nhiéu hon. Néi chung, canh nao cang
c6 nhiéu kién str dung va 1a canh thudc hanh trinh ngdn sé& cang dugc cap nhat
mui nhiéu hon va do d6 s& duoc cac kién hra chon nhiéu hon trong cac vong lip
Sau.

Hiéu qua cua thuat toan AS so vdi cac phuong phap metaheuristic khac c6
xu hudng giam khi kich thude bai toan ting vi vy dd co nhiéu nghién ciu tap
chung cai tién thuat toan AS.
2.3.2.2. Hédan kién (ACS)

Thuat toan ACS (Dorigo & Gambardella [11]) khac véi AS & ba diém
chinh. Tht nhét, d6 14 su khai thac kinh nghiém tim kiém manh hon AS thong
qua viéc st dung quy tic lya chon dua trén thong tin tich liiy nhiéu hon. Thu
hai, viéc bay hoi mui va dé lai mui chi trén cac canh thudc vaoloi giai tot nhat
dén lac d6 (best-so-far: G-best). Thir ba, mdi lan kién di qua canh (i, ;) dé di
chuyén tir i ¢én j, vét mui s& bi giam trén canh (i,j) dé tang cudng viéc tham do
duong méi. Sau day ching ta s& tim hiéu chi tiét nhitng thay doi.

Xay dung loi giai
Trong thuat toan ACS, khi kiém k dang dung ¢ dinh i lya chon di chuyén dén
dinh j theo qui tac:

. {argmaxZEN{‘{Til[Tlil]B}; néuq < q (2.8)

J,ngwoc lai

trong d6 g 13 mot bién ngAu nhién phan bd déu trong [0,1], ¢, (0< g, < 1) 1a
mot tham sé cho trude va J 1a mot bién ngdu nhién Iwa chon theo phan bd xac
suat nhu trong (2.4) v6i @ = 1. Hay noi cach khac, vdi xac suat g, kién lya chon
kha nang tot nhat c6 thé dya trén két hop cua thong tin hoc tir vét mui va thong
tin heuristic (trong truong hop nay kién khai thac thong tin da hoc) trong khi d6
V6i xac sudt (1 — q,) kién thuc hién kham pha trén cac canh. Bicu chinh tham
s g, cho phép thay d6i mic do khai tic va Iwa chon tap trung tim kiém quanh
loi giai best-so-far hoac kham pha cac hanh trinh khac.

Cap nhat mui toan cuc
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Trong ACS chi ¢ duy nhat mot kién tim duoc 1o giai tot nhét (best-so-far
ant) dugc phép dé lai mui sau mdi lan kp. Viéc cap nhat mui trong ACS duoc
thuc hién nhu sau:

Ty« (1= p)ty;+ pArf, v(i,j) € TP, (2.9)

trong d6 Ats = Cib CPs 1a @6 dai 1oi giai tét nhat, TP 1a tap cac canh thudc 1oi
giai tot nhat. Mot diéu quan trong can chu ¥ trong ACS 1a vét mui dugc cap nhat
bao gom ca bay hoi va dé lai mui va chi cho céc canh thudc T?%, khong phai cho
tit ca cac canh nhu trong AS. Diéu nay rat quan trong vi theo cach thirc nay thoi
gian cap nhat mui cho mdi lan lap giam tir O(n?) con O (n) trong d6 n 14 sb
thanh ph6. Tham s6 p 1a tham s bay hoi. Khong gidng nhu AS |, trong (2.5) va
(2.6) trong (2.9) vét mui duoc dé lai giam theo tham sé p. Két qua cua viéc cap
nhat nay 1a vét mui dugc thay d6i bang trung binh theo trong sé giira vét mui cii

va luong mui dugce de lai.

Trong thi nghiém, ngudi ta ciing sir dung chon Ioi gia tét nhat trong budc
lap (iteration-best: i-best) dé cap nhat mui.Véi cac bo dit liéu TSP nho thi viéc
str dung iteration-best va best-so-far khong nhiéu, nhung voi dir lisu I6n (s6
thanh phé 16n hon 100) thi viéc str dung best-so-far cho két qua tot hon nhiéu.
Cap nhat mui cuc b

Ngoai viéc cap nhat mui toan cuc thi ACS con str dung cap nhat mui cuc

bo. Viéc cap nhat mui cuc bo duoc thuc hién ngay Iap tic khi canh (i, j) co kién
di qua theo cong thuc:

Tij < (1 =8)1;; + &1, (2.10)

trong d6 £(0 < & < 1) va 1, 1a hai tham s6. Gia tri T, chinh Ia gia tri khoi tao
mui cho tit ca cac canh. Theo kinh nghiém gia trj tot cho & bang 0.1, gid tri 7, 1
nclnn, trong d6 n 1a s6 thanh phé, C™ la d6 dai hanh trinh theo thuat toan
heuristic an tham. Hiéu qua cua thut toan cap nhat mui cuc bo 1a mdi khi kién
str dung canh (i,j) thi vé&t mui trén canh (i, ) bi giam lam cho kién it Iya chon
lai canh nay. Hay nodi cach khac, viéc cap nhat mui cuc bd lam cho tang cuong
kham phé céc canh chua dugc st dung. Trén thuc té, hiéu qua cta cach cap nhat
mui nay 1 thuat toan khong bi tic nghén (nghia 1a cac kién khong bi hoi tu vao
mot con duong) nhu AS.
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Mot didu quan trong can chd ¥, nhu di noi & trén, d6i v6i AS thi viée cac
kién xay dung hanh trinh song song hay tuan tu 1a khong anh huéng gi, nhung
trong ACS thi lai c6 anh huong vi ACS c6 dung cap nhat mui dia phuong. Trong
trién khai thuc nghiém, thuat toan ACS thudng cho tat ca cac kién dong thoi xay
dung hanh trinh mic du khong c6 két qua thuc nghiém ching to su lya chon nao
tot hon.

Ton tai mot quan hé tha vi gitta MMAS va ACS: ca hai thuat toan déu sir
dung gigi han vét mui mic du trong ACS khong 1d rang nhu trong MMAS. Trén
thyc té, trong ACS vét mui khong bao gio nhé hon 7, bai vi khi cap nhat theo
hai cong thuc (2.9) va (2.10) thi vét mui luén 16n hon hoac bang t, va viéc khai
tao mui ban dau 1a 7,. Hon nira, vét mui khong bao gi vugt qua # Do d6, vét

mul T, < Tij < m

Cubi cung, ACS 14 thuat toan ACO dau tién str dung danh sach ung ctr
vién dé han ché so luong hra chon trong qué trinh xdy dung loi giai. Danh sach
ng cir vién bao gdm céc hwa chon dugce danh gia tot nhat theo mot sé tiéu chi
heuristic. Trong TSP, danh sach @ng ctr vién cho mdi thanh phé i 1a cac thanh
phd j gan véi i. C6 rat nhiéu cach dé dinh nghia nhiing thanh phé trong danh
sach Gng ctr vién. Thuét toan ACO dau tién sap xép cac thanh phé lan can cua i
theo tiéu chi ting dan va thém sé cand cb dinh cho mdi danh sach cua i. Theo
cach nay, cac danh sach vng ctr vién c6 thé duoc xay dung trude khi bat dau tim
kiém va s& duoc giir ¢d dinh trong suét qué trinh tim kiém. Khi kién dang ¢ dinh
i kién s& lya chon trong sé cac ung cir vién chua dugc tham, trong trudng hop
tat ca cac thanh phd trong danh sach (ng cir vién déu duoc tham thi chon mot
thanh phd chua duoc thim ngoai danh sach. Trong bai toan TSP, két qua thuc
nghiém cho thay viéc st dung danh sach wng ctr vién lam ting chat luong 1o
giai va lam giam do phtc tap.
2.3.2.3. Hékién Max-Min

Thuat toan Max-Min Ant System — MMAS duoc Stutzle va Hoos [36]) dé
Xut voi bon diém thay ddi so véi AS.

Thi nhat, dé tang cuong kham pha 161 giai tét nhat tim duogc: chi con kién
c6 101 giai tét nhat im dwoc trong lan kp (i-best ant) hoic cho dén lic d6 (G-
best) duoc cap nhat mui. That khong may, diéu ndy c6 thé dan dén tic nghén, tat
ca céac kién s& cung di mot hanh trinh boi vi luong mui trén cac canh thudc hanh
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trinh tot dugc cap nhat qua nhiéu, mic du hanh trinh nay khong phai 1a hanh
trinh t6i uu.

Thi hai, dé khac phuc nhugc diém trong thay doi thir nhat, MMAS 1a dua
ra mién giéi han cho vét mui, vét mui s& thudc [T,im Tmax]-

Thi ba 14 vét mui ban dau dugc khoi tao bang 7,,,,, va hé sé bay hoi nhd
nham ting cudng kham pha trong giai doan dau.

Piém thay d6i cudi cing 1a vét mui s& duoc khoi tao lai khi tic nghén
hoac khong tim dugc 10 giai tot hon trong mot s6 budc.
Cap nhat mui

Sau khi tat ca cac kién xay dung loi giai, vét mui duoc cap nhat bang tha
tuc bay hoi gibng nhu AS (cong thire 2.4), sau d6 duge thém mot uong mui nhur
sau:

Ty < Ty + AT (2.11)
trong do Atf’je“ = ﬁ. Kién duoc hra chon dé thém mui ¢ thé 1a G-best (khi
do Arpest = i) hoic iteration-best ant (khi d6 ArPest = Cl—b trong d6 CP1a do

dai hanh trinh cta i-best ant).Sau d6 vét mui s& bi gidéi han trong doan
[Tmini Tmax] nhu sau:

Timax NECU T j > Tmax
T;; =T N€uUT;; € [Timins Tmax] (2.12)
Tmin NCU T ; < Tmin

No6i chung, MMAS dung ca i-best ant va G-best ant, thay phién nhau. R0
rang, viéc lya chon tan sb twong ddi cho hai cach cap nhat mui anh hudng dén
hudng tim kiém. Néu ludn cap nhat bang G-best ant thi viéc tim kiém s& sém
dinh hudngquanh TS, con khi cap nhét bang iteration-best ant thi s6 lwong canh
duoc cap nhat mui nhidu do d6 viée tim kiém giam tinh dinh hudng hon.

Két qua thuc nghiém chi ra rang véi bo di liéu TSP nho dat dugc két qua
tt khi chi st dung i-best ¢é cap nhat. Trong khi véi bo dit lisu TSP 16n véi hang
traim thanh phd, hiéu qua tot bang cach ting cuong su cap nhat bang G-best.
Piéu nay co6 thé thuc hién duoc bang cach tang cuong tan suat sir dung T2 dé
cap nhat (Stutzle 1999).

Gi6i han vét mui
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Trong MMAS, gi6i han trén 7,,,, va giéi han dudi t,,;, cho vét mui trén
tit ca cac canh dé tranh tinh trang tic nghén. Dic biét viéc giéi han vét mui c6
anh hudng dén gidi han xac suat p; ; trong doan [Pyin, Pmax]Cho lya chon dinh j
khi kién dang & dinh i, v6i 0 < prin < Dij < Prmax < 1. Chi khi |Nf| =1 thi
Pmin = Pmax = 1

D& thiy, néu chay mot trong thoi gian dai thi can trén cua vét mui la %
trong d6 C* la do dai hanh trinh t6i uvu. Dya trén két qua d6, MMAS dit 7,4,

1
pcbs

bing ——, mdi khi tim duoc best-so-far tour méi t,,,, dwoc cap nhat lai. Can

du6i T,,;, = T’ZJ trong d6 a 13 mot tham sb. Két qua thuc nghiém chi ra rang:
dé tranh tic nghén can dudi 7,,;,, dong vai trd quan trong hon T,,,,. Tuy nhién,
Tmay lal Nitu ich trong viéc thiét dat gia tri vét mui khi khoi tao lai.
Khéi tri va khéi tao lai vét mui

Khi bat dau thuat toan, vét mui duoc thiét dit bang ude wgng can trén cua
Vét mui T,,,,. Cach khdi tao nhu vay két hop vdi tham sé bay hoi nho lim cham
sy khac biét vét mui ciia cac canh, do d6 giai doan dau cia MMAS mang tinh
kham pha.

Pé ting cuong kha ning kham phd, MMAS khdi tao lai vét mui khi gip
tinh trang tic nghén (kiém tra tinh trang tic nghén do duoc dua trén sy thong ké
vét mui trén cac canh) hodc sau mot sé budc lap ma khong tim dugc o1 giai tot
hon.

MMAS 14 thuat toan dugc nghién ctu nhiéu nhat trong cac thuét toan
ACO va nd c6 rat nhidu mé rong. Mot trong cac cai tién 1a khi khai tao lai vét
mui, viéc cap nhat mui thudng xuyén bang 1oi giai tét nhat tim duoc ma&i nhat
thay vi ¢d dinh. Mot cai tién khac st dung luat di chuyén theo kiéu ACS.

2.4. Mot so van dé khac khi ap dung ACO
2.4.1. Dac tinh héi tu

Gutjahr [15] khoi dau cho nghién ctru dic tinh hoi tu cua thuat toan MMAS
khong co thong tin heuristic. Ky hiéu P(t) 1a xac suat tim thay loi giai cta thuat
toan MMAS trong vong t phép 1ap, w(t) 1a 1oi giai tét nhat ¢ budc kip t. Nho
str dung md hinh Markov khong thuan nhat, Gutjahr da chiing minh rang véi xac
suat bang 1 ta co :
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1) limw(t) =w" lim P(¢) = 1 (2.13)

2) lim T, ;= 7,4, V6i Moi canh (i, j) thudc 1o giai t6i wu tim duoc. (2.14)

t—oo LT

Mo hinh nay cua Gutjahr khong ap dung dugc cho ACS. Truong hop
MMAS khoéng cé thong tin heuristic, Stiitzle va Dorigo [35] da ching minh
rang:

Ve > 0,V6i t dilon thi P(t)>1-¢, (2.15)
dodo:lim P(t) = 1. (2.16)

Céac tac gia cling suy ludn rang két qua nay ciing dang cho ACS. Vi gia
thiét da tim duoc 101 giai toi wu sau hitu han budc, Stiitzle va Dorigo suy ra
rang vét mui cua cac canh thuoc 1oi giai téi vu tim dugc hoi tu dén 7,4, con
vét mui trén cac canh khong thudc 101 giai nay hoi tu Vé t,,;, hoac 7,. Suy luan
ndy 13 tAm thuong.

Plelegrini va Elloro [28] d3 nhan thay sau mot thoi gian chay thi da sé vét
mui trén canh 1 bé va chi s6 it a 1én noi troi.

2.4.2. Thuct hién song song

Dac tinh ty nhién cua cac thuat todn ACO giip cho ching cé thé thuc
hién song song theo di liéu hodc theo quan thé. Trén thuc té, c6 nhiéu mé hinh
song song dugc st dung cho céc thuét toan dya trén quan thé c6 thé d& dang
tuong thich voi ACO. Hau hét cac chién lugc song song truc tiép co thé chia
thanh chién luoc min (fine-grained) va thd (coarse-grained). Pac tinh cua fine-
grained 13 rét it bd xtr Iy duoc chi dinh dé xt Iy don va viée trao d6i thong tin
gitta cac by xu ly thuong xuyén. Nguoc lai, véi coarse-grained thi mot hugng
lon, tham chi tat ca bo xir Iy duoc chi dinh dé xur 1y don va thong tin trao d6i I
rat it.

Mo hinh song song fine-grained da dugc Bolondi & Bondanza nghién ctru
cho AS giai TSP trén may CM-2 két ndi thong qua cach tiép can gan mot bo xur
Iy cho mdi kién. Két qua thuc nghiém cho thay trao d6i thong tin 16n co thé Ia
van dé ddi véi cach tiép can nay vi phan lon thoi gian dung dé lién lac nham cap
nhat vét mui. Két qua tuong tw dugc Bullnheimer, Kotsis, and Strauss dua ra.

Nhiéu tic gia (Bolondi & Bondanza; Bullnheimer va cong su,; Kruger,
Merkle, & Middendorf; Middendorf, Reischle, & Schmeck; Stutzle) da nghién
ctru mo hinh song song cho chién Iugc coarse-grained va cho thiy c6 nhiéu hira
hen hon cho ACO. Trong truong hop nay, p dan kién chay song song trén p bo
Vi Xt ly.
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Stutzle dd thuc hién theo cach khong cé su truyén thong giita cac dan
kién. Viéc nay twong duong véi chay doc lap song song cua nhiéu thuat toan
ACO vala cach dé nhat dé song song thuat toan ngau nhién. Cac két qua tinh
toan ctia Stutzle chi ra rang phuong phap nay Ia rat hiéu qua.

Mot s6 nha nghién ctru khac dd xem xét trudong hop thong tin duoc cac
dan kién duogc trao d6i trong khoang thoi gian nhat dinh.Vi du, Bullnheimer dé
xuat thuc hien mot phan khong dong bo song song (Papi). Trong Papi, thong tin
mui dugc trao ddi gitta cac dan kién sau mot sb 1an kip ¢d dinh va ting cuong
qua quan sat thuc nghiém. Kruger d dua ra thong tin can trao ddi gitra cac dan
kién va cach thae dé cap nhat mui. Két qua thuc nghiém cho thay viéc trao doi
|oi giai tot nhat tim dugc va dung dé cap nhat mui tét hon viée trao d6i ma tran
mui. Middendorf da phat trién tiép cua Michel & Middendorf dé dua ra cach
trao d6i loi giai cua m dan kién, cho phép trao doi thong tin sau mot s6 budc ¢o
dinh. Théng tin trao d6i bao gom: (1) Ioi giai tot nhat tim duoc cua tat ca cac
dan kién; (2) 1oi giai tét nhat G-best hoic 1oi giai i-besthoic ca hai duwoc gui cho
dan kién lan cén, trong d6 1an can 1 truc tiép theo vong. Két qua chinh dat duoc
14 han ché duoc thong tin trao doi.

Mot s6 mo hinh thuc hién song song cho thuat toan kién trén kién trac
chia sé bo nhé str dung OpenMP (Chandra, Dagum, Kohr, Maydan, McDonald,
& Menon) cting da duoc khao sat.

2.4.3. ACO Kkét hop Véi fim kiém cuc bé

Nhiéu tai liéu chi ra ring véi cac phuong phap metaheuristic, mot cach
tiép can day hira hen dé thu dugc 1o giai c6 chat lwong cao 1a két hop véi thuat
toan tim kiém cuc bo.

M5 hinh ACO c¢6 thé bao gom ca tim kiém cuc bo. Sau khi kién xay dung
xong 1oi gidi, c6 thé ap dung tim kiém cuc bd dé nhan duoc 1oi giai téi uu dia
phuong. Viéc cap nhat mui duoc thuc hién trén cac canh thudc 1o giai toi vu dia
phuong. Viéc két hop xay dung 1o giai voi tim kiém cuc bd 1a mot cach tiép can
dau hira hen. Trén thyc té, boi vi cach xdy dung loi giai cia ACO sir dung lan
can khac voi tim kiém cuc bo. Thyuc nghiém cho thay kha ning két hop tim kiém
cuc cai tién duoc 1o giai 1a kha cao.
2.4.3.1. Thong tin heuristic

Chung ta biét rang khi thuat toan ACO ap dung giai TSP ma khong sir
dung tim kiém cuc b, thong tin heuristic 1a diéu rat can thiét dé cho loi giai tot,
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Trén thuc té, trong giai doan dau vét mui dugc khdi tao nhu nhau, vét mui
khong thé gitip kién nhan tao tim dudng di dan toi cac 16 giai tot vi chung chua
khac nhau nhiéu. Vai tro chinh ctia thong tin heuristic 1a tranh diéu nay, no gitp
kién c6 thé xdy dung duoc hanh trinh tot ngay trong giai doan dau. Nhiéu trudng
hop, nho tim kiém cuc bo nén kién van c6 thé tim dugc 1oi giai tot trong giai
doan dau ma khong can s dung thong tin heuristic nao ca, mac du co cham hon.
Do d6, thong tin heuristic ¢ thé khong con qua can thiét.

2.4.3.2. Sé lrong kién

Nhu di néi ¢ trén, néu khong st dung tim kiém cuc bo va thong tin
heuristic it (hodc khong c6), trong giai doan dau vét mui khong thé ginp kién
nhan tao tim dudng di dan toi cac 1oi giai tot. Néu sur dung sé luong kién it,
trong giai doan dau s& khong tim dugc 10i giai tot va nhu vay viéc cap nhat mui
duoc cap nhat dua trén cac 101 giai khong t6t. Khi d6 s& hudéng viéc tim kiém
xung quanh 1oi giai khong tot va thuat toan s& khong hiéu qua. Co thé khac phuc
phan nao nhugce diém ndy bang cach ting sb kién dé ting kha ning tim duoc 1o
giai tot trong mdi vong lp. Truong hop co sir dung tim kiém cuc b hoic thong
tin heuristic manh viéc sir dung nhiéu kién 14 ling phi. Do d6, theo kinh nghiém
ctia cac tac gia khi lam thuc nghiém 13 khi c¢6 sir dung tim kiém cuc bo hoidc co
thong tin heuristic manh thi s kién thuong dat tir 10 ¢én 30 kién, trong truong
hop nguoc lai s6 kién thuong ting theo voi kich thudc bai toan.

2.4.3.3. Tham sé bay hoi

Néu trong mdi vong 1ap, kién c6 thé xay dung duoc 1o giai tot (st dung
tim kiém cuc bo hoac thong tin heuristic manh) thi tham sb bay hoi dat lon dé
gitip cho kién quén di nhiing loi giai da xay dung tap chung tim kiém quanh loi
giai tot m&i duoc xay dung. Trong truong hop nguoc lai, néu trong mdi vong lip
kha ning kién tim duoc 10i giai tot it thi tham s bay hoi dat nho.

2.5. Két luan chwong

Phuong phap ACO la mot phuong phap metaheuristic dang duoc sur dung
rong rai dé giai cac bai toan TUTH khé va hiéu qua noi troi cua chung da dugc
chang to bang thuc nghiém. Phuong phap nay mo phong cach tim duong di cuia
kién ty nhién. Trong d6, 15i giai chap nhan duoc cua bai toan duge cac con kién
nhan tao xay dung nho thu tuc budc ngau nhién trén do thi ciu trac. Viée tim
kiém dinh moi cua duong di dua trén sukét hop thong tin heuristic va thong tin
hoc tang cudng biéu thi bai vét mui.
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Khi ap dung phuwong phap nay, c6 ba yéu té quan trong:
1) Xay dung d6 thi ciu tric

2) Xéac dinh thong tin heuristic

3) Chon quy tic cap nhat mui

Trong d6 hai yéu t& dau phu thudc vao timg bai toan cu thé, con yéu td
thir ba c6 nhiéu dé xuat va nghién cru cai tién nhung van con c6 thé nghién ctu
sau hon dé c6 céc cai tién hiu qua.
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CHUONG 3
CAI PAT THU NGHIEM

Nhu di trinh bay trong chuong 1, cac thuat toan xap Xi to ra kha hiu qua
trong viéc tim 101 giai cho cac bai toan thudc loai NP-kho bao gdm ca giai thuat
t61 wu dan kién. Chuwong nay tap trung danh gia chi tiét hiéu suat cua cac thuat
toan d6 trong timg bai toan cu thé dé thay rd dugc uwu, nhuoc diém cua thuat
toan toi uvu dan kién so véi cac thuat toan khac da dugc cong bo.

3.1. Thuat toan rjp-ACO giai bai toan r|p trung tim

D3 c6 nhiéu thuat toan ding, heuristics va metaheuristics duoc dé xuat
cho bai toan nay. Gan day, Davydov cung cac cong su [9] da dé xuat 2 thuat
toan metaheuristics VNS (Variable Neighborhood Search) va STS (Stochastic
Tabu Search) giai gan dung nhanh bai toan Trudc; Alekseeva cung céc cong su
[4] da dé xuat 2 thuat toan metaheuristics IEM (lterative Exact Method) va
MEM (Modified Exact Method) giai dting bai toan cho Trudc, sau d6 phat trién
thuat toan IM (lteration Method) [5] hiéu qua hon cac phuong phép d3 biét trudc
d6. Cac thuat toan nay déu giai bai toan quy hoach 2 mic nhd dung phan mém
CPLEX dé tim 1oi giai toi wu cho Sau mdi khi biét cac co sé cua Trwdc. Ching
t61 d3 d& xuat thuat toan rjp-ACO dura trén thuat toan toi wu dan kién giai dé giai
bai toan va so sanh véi cac cong bd trén, két qua nay da duoc dang trong [2].

3.1.1. Lwgc do tong quidt

Trong thuét toan rlp-ACO, Trwéc va Sau thuc hién qua trinh 1ip tuan tu
viéc tim 10 giai gan ding cho mdi ngudi choi. Ky hiéu ng,, T va ng,, S tuong
tmg 13 s6 kién duoc dung dé tim 10 giai gan dung cho ngudi choi Trieéc va Sau
trong mdi vong 1p, N,ppeq 12 sO vong 1ap tuan tu tim 1o giai cta thuat toan. Khi
d6 v&ir va p di cho thuat toan r|p-ACO thuc hién theo lwgc d6 nhu hinh 3.1.

Budc 1. Khoi tao ma tran vét mui cho 776 va ngy T, NgneS, Neotal
Budc 2. Thuc hién lap:
2.1. ACO- Truéc; /IVGi mdi kién k tim 10i giai Xy cho Trudc
2.2. ACO- Sau; // Tim loi giai Y cho Sau voi loi giai cua Truoc la X,
2.3. Chon ra X* 13 10i giai t6t nhét trong s6 cac 10i giai X;
2.4.LS(X*);  // Tim kiém dia phuong cho 10 giai X* tot nhat
2.5. Cap nhat X* va trd lai 2.1 néu chua két thuc.
Budce 3. Trich 161 giai cho trude va sau.

Hinh 3.1. Thudt todn r|p-ACO
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Trong dé céc thu tuc ACO- Truoc va ACO- Sau dugc trinh bay chi tiét
trong MmucC Sau.

3.1.2. Thii tuc ACO

Cac tha tuc ACO- Truoc va ACO- Sau thuc hién nhu mo ta trong hinh 3.1,
chi khac nhau & tap vi tri dugc chon trong mdi budc kip. Trude khi md ta cu thé
ting thu tuc, chung ta cung tim hiéu 4 yéu té quan trong trong thuat toan toi uu
dan kién 1a: @6 thi ciu trac va thu tuc budc ngau nhién, thong tin heuristics, quy
tac cap nhat mui, k§ thuat tim kiém dia phuong.

D06 thi cdu triic va thii tuc budc ngdu nhién.

Do thi cau tric cho ACO-Truéc (hoac ACO-Sau) la mot do thi G(V, E)
turong tng gom p (hoic r tang), cac dinh & mdi tang c6 cau tric nhu nhau (V; =
D) 1a tap vi tri c6 thé dat co sd, cac dinh ¢ tang trude c6 canh két ndi vai cac
dinh ¢ tang lién sau né nhu duge md ta trong Hinh 3.2. Khi xdy dung loi giai
theo thii tuc budc ngau nhién, kién chon ngau nhién mét dinh thudc tap tng cur
allow ¢ tang hién tai dya trén vét mui va thong tin heuristics sau d6 dinh nay
duoc loai khoi tap tng cir cho viéc chon dinh ké tiép ¢ tang sau. O tang tht nht,
tap allow cua Truwéc bang {I3}, con tap allow cta Sau= {I — X}. Néu kién k ¢
dinh y nao d6 cua tng i thi xac suat né chon dinh x trong tap allow(y) & tang
sau dugc cho béi cong thac (3.1).

pl= (31)

Y zeallow(y)TEny

Luu ¥ rang khi mot dinh (vi tri) d3 duoc Kién di qua thi dinh tuong Gng bi
loai khoi tap tng cir cho mdi tang sau khi xay dung 10i giai. Viéc xay dung i
giai cua kién két thuc khi qua hét cac tang.

Hinh 3.2. DPé thi cdu tric
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Thong tin heuristic

Thong tin heuristics 1, cua dinh x duge tinh bang tong loi nhuan cua !
khach hang gan dinh x nhét chia cho tong do dai tir [ khach hang nay t6i x nhu
trong cong thuc (3.2)

l
Zi=1 Wi

n = ——--:----"
x ¥t dists[x,i]’

(3.2)

trong d6 [ = % 1a ty sd gitra s6 luong co so trong I va p, 7, 1a gia trj vét
mui trén dinh x (x € ;).
Quy tac cdp nhdt vér mui

Sau mdi vong lip cua thu tuc ACO- Truéc / ACO- Sau, cuong do vét mui
trén mdi dinh s& duogc cdp nhét theo quy tic SMMAS (xem [1]) cho boi cong
thirc (3.3)

7, « (1 — p)1; + At (3.3)
i _ JPTmin néu (l) ¢ W(t)
vol At; = {meax néu (i) e w(t)

w(t) 1a 10 giai tot nhat & budc lap thi t sau khi da thuc hién tim kiém dia
phuong, va T,,, Va T,y 12 2 tham sé duoc xac dinh trudc.

ACO-Truoc

Thu tuc ACO- Truoc thuc hién qua trinh tim 101 giai cho nguoi choi Truoc
duoc dic ta trong hinh 3.3, trong d6 mdi kién sé& lan luot xay dung loi giai cho
riéng minh.

Procedure ACO- Truoc
Begin
for mdi kién k € ng,, T do
Xay dung 1oi giai X cho kién thir k;
Return X;
End;

Hinh 3.3. Thi tuc ACO- Truoc

ACO- Sau

Dé danh gia duoc loi nhuan ma Trwéc nhan duoc khi chon phuong an X thi
bai toan Sau phai dugc giai quyét. Nhu da duoc trinh bay & trén, bai toan Sau
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hay con dugc goi la bai toan (r|Xp) — medianoid da dugc chimg minh la NP-
khé. Thi tuc ACO- Sau dugc xay dung nham tim ra  co s t6i wu cho Sau khi
biét duoc p co so ciia phuong an X do Trwéc chon nhu trong hinh 3.4. Vi moi
phuong 4n X, ching ta sir dung sé luong kién 1a ng,, S, mdi kién s& xay dung
phuong an Y cho Sau cho riéng minh. Loi giai tot nhat ciia phuong an Y s& duoc
str dung dé tim kiém dia phuong nham ting chét lwong loi giai tai méi budc kp.
Két thuc qua trinh 1ap s& tra vé [0 giai Y t6t nhat (Y*) cho ngudi choi Sau.

Cau trac d6 thi, thong tin heuristic va quy tac cap nhat vét mui trong thuat
toan ACO- Sau tuong ty nhu trong thuat toan ACO- Truoc.

Procedure ACO- Sau(X)
Begin
Khoi tao ma tran vét mui cho Sau va ng,, S kién;
repeat
for mbi kién k € n,,.S do
Xay dung 1o giai Yx cho kién thi k;
Chon ra Y* 1a 1o giai tt nhat trong cac Yi;
LS(Y*); //Tim kiém dia phuong cho phuong 4n Y*
Cap nhat Y*;
until gap diéu kién ding
return Y*,
End;

Hinh 3.4. Thudt todn ACO-Sau
Ky thudt tim kiém dia phwong

Ky thuat tim kiém dia phuong thuc hién d6i voi phuong an X nhu sau: Mdi
phan tir trong phuong an X s& dugc thay thé boi mot phan tir trong tap tng cur U,
néu ham muc tiéu thu dugc 13 cao hon thi ghi nhan lai phwong 4n X. Qua trinh
ndy duoc lap lai cho dén khi moi phan tir trong U duoc thay thé vao moi Vi tri
trong X.
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Procedure LS(X)
Begin
U=1-X;
for mdi x € X do
for mdiu € Udo
Thay thé x bang u;
If (loi nhuan thu dugc 1a tot hon) then Cap nhat X;
Return X;
End,;

Hinh 3.5. Thudt todn tim kiém dia phwong

Thuat toan tim kiém dia phuong giup cho viéc cai thién két qua duoc tot
hon, tuy nhién d6 phic tap cia thuat toan lai kha 16m, vi thé chung ta nén éap
dung tim kiém dia phuong véi kién tét nhat tai mdi budc kp nham muc dich tim

.....

3.1.3. Két qud thiz nghiém

Thuat toan r|p-ACO duogc cai dat thir nghiém trén bo dir liu tir thu vién
Discrete Location Problems®. Tt ca cac bo thir nghi¢ém déu c6 kich thuéc nhu
nhau |I| =|J| =100. C6 2 bo dir liéu la Eclidean va Uniform. Trong loali
Eclidean, ma tran (d;;) xac dinh khoang cach Eclide gira cac diém trén mot mat
phang, va tit ca cac diém d6 déu thudoc pham vi 7000 x 7000. Trong loai
Uniform, mdi phan tir ctia ma tran (d; j) €0 gia tri ngau nhién trong khoang tir 0
dén 104 Trong mdi bo dit lisu déu c6 hai loai loi nhun, truong hop thir nhat
w; =1 v61 moi j € J, cOn trong truong hop thir hai thi cac gia tri nay dugc lua
chon ngiu nhién trong khoang tir 0 dén 200. Két qua thir nghiém véi cac bo p =
r = {10,15} trén bo dir ligu Eclidean va p = r = {7} trén b dir licu
Uniform duogc trinh bay lan luot & cac bang dudi day.

Thir nghiém V& thuat toan rfp-ACO duoc tién hanh chay 20 lan trén cuing
moét mdy tinh Intel Pentium G3220 3.0GHz, RAM 4GB, Window 7
Professional. Muc dich cta thir nghiém 1a danh gia hiéu suat cua thuat toan dé
Xuat thong qua so sanh loi nhuan I6n nhat cua Trweéc nhan duge va do phuc tap
thoi gian (phat) cua thuat toan dé Xuat vdi cac gia tri twong tng cuia thuat toan
IM [5] (cai dat trén may tinh Intel Xeon X5675, 3 GHz, RAM 96 GB, Windows

"http://math.nsc.ru/AP/benchmarks/Competitive/p_med_comp_eng.html
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Server 2008 va phan mém CPLEX 12.3) va VNS, STS [9] (cai dat trén may tinh
Pentium Intel Core Dual PC, 2.66 GHz, 2GB RAM).

Céac tham s trong thir nghiém duoc thiét dat nhu sau:

11| = |J| =100, ngp; T = 50, ngpeS = 10, Nyprq; =100 ;

Tiax = 1.0, Tpin = Tz’jl‘;fa =1,8=2,p=0.1

Céac bang 3.1, 3.2, 3.3 1a cac két qua tinh toan trung binh twong tng cta cac
thuat toan r|p-ACO, IM, VNS va STS . Trong d6, bang 3.1, 3.2 1a két qua khi
chay trén bo dit liéu Euclidean, bang 3.3 1a két qua khi chay trén bo dit liéu
Uniform. Trong mdi bang, cot Bo test thé hién ma cua mdi bo test thir nghiém
trong bo dir lieu, cot W*(X) va Time twong tng 13 loi nhuan I6n nhat ma Trudc
thu duoc va thoi gian chay cua mdi thuat toan duoc tinh theo don vi phut.

Bdng 3.1. Bg da ligu Eclidean, p =r =10

Wj=1 W]-E 0...200
=
B | Wx(X) me W(X) Time (phit)
test (phit)
r|p- r|p- r|p- VNS | STS | r|p- VNS | STS
IM IM IM IM
ACO ACO ACO ACO

111 50| 50| 13.28| 13| 4,361 (4,361 |4,361|4,361| 583| 60| 0.35|1.07

211 491 49| 528| 20| 5,310|5,310| 5,310| 5,310 4.28| 42| 042| 04

311 48| 48| 13.83|195| 4,483 |4,483|4,483|4,483| 148 |146| 0.35|0.35

411 491 49| 209 135| 4,994 4,994 |4,994|4994| 153 | 33| 3.33|0.33

511 48 | 48 0.5]2/70| 4,906 | 4,906 | 4,906| 4906 | 1.37|399| 1.78| 0.47

611 47| 47| 9.13|900| 4,595 | 4,595 | 4,595 | 4,595 09]143| 1.8|0.75

711 51| 51 09| 12| 5,586 5,586 | 5586|5586 | 7.22| 73| 093| 1.7

811 48 | 48| 20.3|145| 4,609 4,609 | 4,609 4,609 | 3.65|152| 3.47|1.48

911 49| 49| 1.45|102| 5,302 5,302 5,302 5,302 | 2.35 6 04033

1011 49| 49| 5.92|180| 5,005|5,005|5,005(5,005| 3.28| 97| 3.57|1.73

Trong Bang 3.1, véi trudng hop W; = 1 thi thudt todn r|p-ACO cho két qua
tuong dong véi thuat toan IM nhung véi thoi gian nho hon nhiéu. Con déi véi
truong hop W; € 0...200 thi thuat toan VNS, STS va r|p-ACO hon nhau
khong dang ké vé mat thoi gian, bai vi khi sb lugng co s& dugc chon cho Truoc
va Sau 14 thap thi 6 phac tap cua bai toan con nhd, nhung vé6i s6 luong co s
duoc chon ting dan thi d6 phic tap cua bai toan ting 1én dang ké. Trong
Ekaterina Alekseeva [4] d3 chimg minh d6 phic tap cua bai toan 1a 16n nhat khi
p =r={15, 16, 17}.




52

Bdng 3.2. Bg di ligu Eclidean p =r = 15

W, € 0...200
Bo test W*(X) Time (pht)
rlp-ACO[IM | VNS [STS |r[p-ACO[IM  |VNS[STS
111 4596|4596 | 4596|4506  20.08| 72| 4.97| 2.9
211 5373|5373 5,373 | 5,373|  45.17| 3,845 3.35| 1.4
311 4,800 | 4,800 | 4,800 | 4,800 7.03]395.00| 0.38] 1.5
411 5,064 | 5,064 | 5,058 | 5,064|  14.47| 1,223| 1.85| 2.03
511 5,131 5,131 5,123| 5,131|  26.83| 2,120| 3.24] 3.62
611 4881[4,881| 4,881[4,881| 1892| 2293| 1.4]1.92
711 5,827 | 5,827 | 5,827 | 5,827 136 1,320 4.69] 3.52
811 4,675 4,675 4,620 4,675 6.35| 4,570] 5.03| 2.1
911 5,158 5,158 | 5,157 | 5,158|  41.67| >600| 4.23| 2.63
1011 5,195 5,195| 5,195 5,195|  81.73| >600| 0.4]0.82

Két qua trong Bang 3.2 cho thy thuat toan r |p-ACO cho két qua chinh xac
trong thoi gian ngan hon nhidu so voi thuat toan IM khi s6 Iuong co s& duoc
chon cho Truwéc va Sau ngay cang ting. Véi p = r = 15, trong mot sé bo test,
thuat toan IM mic du véi cdu hinh manh nhung phai chay trong vai nghin phut
méi thu dugc két qua (vi du bo test 811 yéu cau mot khoang thoi gian 16n dén
4,570 phut), nhung thuét toan r|p-ACO chay trong khoang thoi gian chap nhan

duoc (trung binh khoang 27 phut). So vdi thuat toan VNS va STS thi thuat toan

r|p-ACO chay cham hon béi Iy do chinh 1a r|p-ACO duoc dung dé giai ca hai

bai toan cho Truoc va Sau, trong khi d6 VNS va STS chi giai bai toan cua Truoc

(con bai toan cua Sau duoc giai boi phan mém CPLEX).

Bdng 3.3. Bg di#ligu Uniformp =r =7

W, € 0...200
Bo test W*(X) Time (phut)
rlp-ACO[ VNS [STS | r[p-ACO | VNS|STS
123 5,000 5,009] 5,009| 38.26| 5.08| 1.1
223 5459 5450 5,450 |  36.92 | 3.05| 1.1
323 5019] 5,009 5,019  79.28| 2.42| 0.92
423 4,908 | 4,008| 4,908| 17553 | 4.95| 2.44
523 5,208 | 5,198 5,208 8.4| 4.88] 0.38




53

623 5,032 | 5,032 5,032 11.67| 495 3.3
723 5,055 5,055 5,055 18.62 | 4.78 | 1.05
823 4,951 4,860 | 4,951 42| 493| 1.25
923 5,127 | 5,060 5,127 14.43 | 3.63| 1.87
1023 5,084 | 5,067 | 5,084 59.1| 5.38| 4.65

Tur két qua thir nghiém trong Bang 3.3 ¢6 thé két luan rang thuat toan r|p-
ACO dé xuit cho két qua tuong duong véi thuat toan STS trong khi d6 thuat
toan VNS chi dung vdi cac bo test 123, 223, 423, 623, 723. Thoi gian chay cua
thuat toan khong t6i uu bai Iy do tuong tu nhu phéan tich & trén.

3.2.So0 sanh cac thuat toan giai bai toan CSLP

Nhu da dugc trinh bay ¢ chuong 1, bai toan CSLP la mdt bai toan thudc
l6p NP-kho va da c6 nhiéu thuat toan dugc dé xuat giai bai toan. Trong d6, thuat
toan di truyén (GA) dugc H. Li va P. E. Love dé xuét giai bai toan & TH2 va
TH3. H. Zhang va J. Y. Wang [39] da dé xuat thuat toan PSO (Particle Swarm
Optimization) giai bai toan & TH3. Thuat toan ACO duoc rat nhiéu céc tac gia
dé xuat, tuy nhién nam 2015 G. Calis va O. Yuksel [7] dwa ra mot thuat toan két
hop giira ACO va phan tich tham sb cho thay sy manh mé cua thuat toan ACO
khi dugc phan tich va toi wu tham s6. Nam 2016, Quang cung cac cong su [30]
da dé xuat thuat toan lopt-aiNet giai quyét bai toan CSLP, dong thoi so sanh va
danh gia ca bén giai thuat GA, PSO, ACO va lopt-aiNet Vi timg truong hop cu
thé nhu trong cac bang 3.4, 3.5.

Bang 3.4. So sdnh két qud ciia cdc THI1, TH2 va TH3

THL | TH2 | TH3
GA [20] 15,090

GA21] 15,160
PSO [39] 16,060
ACO [14] 12,546

ACO [6] 12,628
ACO-PA[T7] 12,150 12,578| 12,606
opt-aiNet [30] 12,436| 12,582| 12,616
lopt-aiNet [30] | 12,150| 12,546 12,606

Nhin bang 3.4. ta c6 thé thay trong THI va TH3 thi két qua cua lopt-aiNet
va ACO-PA 1a twong dwong nhau (bang 12150 & TH1 va 12606 & TH2). Tuy
nhién, trong TH2 thuat toan ACO-PA t6 ra kém hiéu qua hon so vai thuat toan
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lopt-aiNet cuy thé 13 thuat toan lopt-aiNet cho két qua tot hon 0.25% so voi thuat
toan ACO-PA. V& mit thoi gian, dé tim ra 1oi giai cho mdi lan chay thi thuat
toan ACO-PA mat 1.15 gidy v6i may tinh Intel Core 2 Duo 2.66GHz va 4GB
RAM. Trong khi d6, lopt-aiNet chi mat 0.15 gidy trén may tinh cau c¢6 céu hinh
thép hon 1a CPU Pentium P6200 2.13GHz, RAM 2GB.

Bang 3.5. So sdnh két qud trong TH4 va TH5

TH4
RUN GA[3] PSO [3] ACO [3] | opt-aiNet[30] | lopt-aiNet[30]
result | time | result | time | result | time | result | Time | result | time
1 91| 0.53 90| 1.93 90 | 0.37 100| 0.19 90| 0.22
2 90| 0.52 91| 1.97 90| 0.34 101| 0.18 90| 0.18
3 93| 0.56 90 | 1.97 93| 0.32 100| 0.18 90| 0.20
4 90 | 0.58 90| 1.93 911 0.33 102 | 0.21 90| 0.21
5 91| 0.52 92| 1.96 90 | 0.32 103 | 0.20 90| 0.20
Awe | 910|054| 906|196| 90.8|0.33| 101.2| 0.19 90.0| 0.20
TH5
1 90| 0.52 93| 1.82 90 | 0.37 103 | 0.19 90| 0.21
2 92| 0.55 90| 1.87 911 0.35 104 | 0.20 90| 0.20
3 90 | 0.54 90| 1.89 93| 0.35 105| 0.18 90| 0.22
4 96 | 0.54 91| 1.88 911 0.33 100| 0.19 90| 0.24
5 90| 0.52 90| 1.89 90| 0.35 104 | 0.21 90| 0.20
Awe | 916|054 90.8|187| 910 0.35| 103.2| 0.19 90.0| 0.21

Bang 3.5. thé hién hiéu suat cua céc thuat toan GA, PSO, ACO, opt-aiNet
va lopt-aiNet trong 5 1an chay. Thuat toan tot nhat cho két qua toi wu (= 90) 1a
thuat toan lopt-aiNet do Quang cuing cac cong su [30] dé xuét, sau d6 dén thuat
toan ACO véi két qua trung binh 14 90.8 trong THI va 91.0 véi TH2. Vé mat
thoi gian, thuat toan opt-aiNet va thuat toan lopt-aiNet chay trong thoi gian ngan
nhat chi mat 0.19 — 0.2 gidy trong TH4 va 0.19 — 0.21 gidy trong THS5, thuat
toan ACO mat 0.33 gidy trong TH4 va 0.35 gidy trong TH5, thuat toan GA str
dung 0.54 giay trong ca hai loai TH4 va THS, thuat toan PSO dugc danh gia la
thuat toan cham nhét véi 1.96 gidy trong TH4 va 1.87 gidy trong THS.
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3.3. Ap dung thuit toan ACO-SRFL giibai toan SRFL
3.3.1. Mo td thudt todn

Thuat toan ACO-SRFL duoc xay dung dua trén thudt toan ACO c6 luge do tong
quan nhu hinh 3.6.

Procedure ACO-SRFL;

Begin
khoi tao ma tran mui, khéi tao m con kién;
Repeat

Xay dung 1o giai cho mdi con kién;
Chon ra kién k cho 1oi giai t6t nhat;
Ap dung tim kiém dia phuong cho kién k;
Cap nhat vét mui;
Until gap diéu kién két thuc
End;

Hinh 3.6. Thudt todn ACO-SRFL
3.3.2. Pé thi cdu triic va thii tuc xdy dung 161 gidi

Tuong ty nhu d6 thi cdp trac cua thuat toan rip-ACO, db thi ciu tric cua
thuat toan ACO-SRFL dugc chia thanh n tang, voi mditang i 1a tap V; gom n —
i + 1 dinh tir duwgc danh s6 tir 1... n nhu hinh 3.7.

Hinh 3.7. Do thi cdu triic thudt todan ACO-SRFL

M3i kién sé& xay dung oi giai bang cach di chuyén tir ting 1 xudng ting n
trong dd thi cau trac, tai mdi ting kién s& chon mot dinh bat ky dua trén xac suit
duoc tinh dya theo gid tri vét mui va thong tin heuristic nhu trong céng thic 3.4.
Pinh duoc chon s& duoc loai bo ra khoi tang tiép theo cua do thi. Qua trinh nay
duoc lap di l3p lai cho dén khi dén ting n ciia d6 thi, lic nay tai tAng n thi chi
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con duy nhat mot dinh va dinh d6 duoc két nap ndt vao 10i giai. Tha tu chon cac
dinh tir tAng 1 dén tang n trong do thi cau trac ctia mdi kién s& chinh 1a 1oi giai
cuia kién do.
a.,bB
pJIC( = Z Txnx (3'4)

B
z€allow (y) TFn,

3.3.3 Quy tic cdp nhdt vét mui

Thuat toan ACO-SRFL st dung quy tic cap nhat vét mui 1a SMMAS tuong
tu nhu trong thudt toan rlp-ACO, va quy tic nay chi 4p dung cho kién c6 1oi giai
t6t nhat tai mdi budc lap.

3.3.4. Tim kiém dia phwong

Dé tang hiéu qua thuat toan, trong mdi lan lip chung t6i dung thuat toan
tim kiém dia phuong (local search) cho 15i giai tét nhat tim duogc tai mdi budc
lap theo chién Iwgc 2-opt.

3.3.5. Két qud thiz nghiém

Trong phan nay, thuat toan ACO-SRFL duogc cai dat va thir nghiém trén
mot s& bo dit liéu cta bai toan SRFL 1a: LW5, S8H, S10, LW11, H20, H30. B6
di ligu LWS va LWI11 duoc dua ra boi Love va Wong [22]. Bo dir ligu S8H,
S10 dugc Simmons [32] dé xuat. Hai bo dir lisu H20 va H30 lan luot duoc
Nugent [26] va Heragu [17] cong bd. Bang 3.6 cho thiy sé luong co so va i

'''''

Bdang 3.6. Loi gidi téi wu ciia 6 bg diw lidu

Bé dir liéu | So lwong co'sé | Loi giaitoi wu
LW5 5 151.0
S8H 8 2,324.5
S10 10 2,781.5
LW11 11 6,933.5
H20 20 15,549.0
H30 30 44,965.0

MOJi bo dir liéu déu duoc tién hanh chay 20 lan thuat toan ACO-SRFL
trén cing mot may tinh Intel Pentium P6200 2.13GHz, 2GB RAM. Két qua va
thoi gian chay trung binh cua thudt toan duoc so sanh voi két qua trong [34],
[33], [17], [18].
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Céac tham sb trong bai duoc thiét lap nhu saw: @ =1, B =2, p = 0.2,
numAnt = 10, diéu kién ding cua thuat toan 1a sau khi chay hét 100 budc lap.

Bang 3.7. So sdnh két qud thudt todn ACO- SRFL Véi cdc thudt todn khdc.

Bodirlieu [17] | [18] | [34] | [33] |ACO-SRFL
LW5 151 151 151] 151 151
S8H 73045 23245 2324.5(2329.82 23045
S10 27815 27815| 27815 2836 27815
LWIl  [6933.5 7265.5| 69335 7130.2 69335
H20 15602| 15549.0{15549.0{16052.2]  15549.0
H30 45111 - (501432 45019.0

Nhin bang 3.7 ta c6 thé thiy, thuat toan ACO-SRFL cho két qua chinh
xac & cac bo dir licu LWS5, S8H, S10, LW11, H20 va cho két qua tét hon [17]
[33]. Khi so sanh toc do thuc hién cua thuat toan ACO-SRFL véi thoi gian chay
ctia cac thut toan khac thi chung ta c6 thé thdy rang thuat toan ACO-SRFL
chay nhanh hon tat ca cac thuat toan khac. Tuy nhién, trong cac thuat toan da
cong b chi ¢ thuat toan dan doi [33] dugc thyc hién trén may tinh tét hon cta
tac gia. Do vay, dé dam bao tinh khach quan, bang 4.8 chi so sanh thoi gian chay
thuat toan ACO-SRFL v¢i thuat toan dan doi [33].

Bdng 3.8. Sosdnh thoi gian chay gi@a thudt todan ACO- SRFL véi thudt todn
dan doi (Bat Algorithm)

Bodir ligu]| [33] | ACO- SRFL

W5 9.21 0.0
SgH 11.29 0.0
S10 12.58 0.0
LW11 14.06 0.1
H20 27.68 0.9
H30 57.43 17

Trong bang 3.8, thoi gian chay thuat toan ACO-SRFL nhé hon nhiéu so
véi thut toan Bat di dugc cong bd gan day nhat cua Sinem [33] sir dung may
tinh c6 céu hinh cao hon Intel Core 2 Duo 2.4 GHz va 4 GB RAM.
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3.4. Két luan chwong

Chuong nay trinh bay cac két qua thir nghiém cua thuat toan ACO khi ap
dung vao cac bai toan cu thé trong I6p céac bai toan vi tri co s. Trong do, c6 thé
thdy rang thuat toan rjp-ACO giai quyét bai toan rp-trung tdm chi xép sau thuat
toan STS nhung t6t hon thuat toan VNS vé mat két qua va IM vé& mat thoi gian.

Doi v6i bai toan CSLP, thuét toan ACO-PA chi xép sau thuat toan lopt-
aiNet con t6t hon cac thuat toan khac nhu GA, PSO. Con véi bai toan SRFL thi
thuat toan ACO-SRFL vuot troi hon han thuat toan dan doi ca vé phuong dién
két qua 1an thoi gian.
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KET LUAN
Két luan
Phuong phép t6i uvu dan kién 1 phwong phap tuong d6i méi mé va to ra dic biét
hiéu qua, diéu ndy di dugc ching minh thong qua thuc nghiém. Phuong phap
t61 wu dan kién luon duoc quan tam, phat trién ké tir khi gigi thiéu cho dén nay
thé hién qua su phong phu, da dang cta cac thudt toan. Céc thuat toan truc tiép
dua ra hudng tiép can mai giai cac bai toan toi wu t6 hop, qua d6 co nhiéu wng
dung trong thuc tién trén cac finh vyc nhu: san xuat, truyén thong, sinh hoc, hoat
dong xa hoi...
Bai toan Vi tri co s& 13 mot bai toan 16n bao ham nhiéu bai toan con ¢ tng dung
thuc té cao, nd gitp chung ta lya chon céc vi tri co s& dé dit cac tram dich vu
mot cach tdi uu nhat.
Déi voi bai toan rp-trung tAm, bai toan CSLP va bai toan SRFL, chiing t6i d dé
Xuat thuat toan dua trén thudt toan ACO, dong thoi co so sanh danh gia thuat
toan voi mot sb thuat toan khac dé thay duoc wu, nhuge diém cua thuat toan.

Hudéng phat trién

Cai thién toc do thuc hién cua thuat toan thong qua cai tién tim kiém dia phuong
va/hodc két hop véi phan mém CPLEX.

Tiép can véi cac bai toan twong tuy vé mang, khi khach hang ndm & cac dinh cta
dd thi con cac co s ¢6 thé mé tai cac diém tuy y trén cac canh cuia nd.

Vi bai toan rjp-trung tdm, nghi€n ctru phuong phap giai bai toan véi gia tri p #
r VOI cac bai toan CSLP va SRFL thir nghiém vai cac bo dir liéu c6 kich thudc

I6n hon.
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