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TOM TAT— Bai toan (r|p) trung tAm nham dinh vi diém mé co sé cho hai doi thii Truede va Sau (doi thii ciia Truedc) dé méi ngudi
thu hut dwoc thi phrﬁn 16m nhat cho minh dang la bai toan thoi su. Trong bai toan nay, Trudc dwoc mo p co s va Sau duwoc mo r co
s6. Théng thuong, cdc khdch hang sé chon co s gan ho nhdt lam nha cung cdp cho ho. Ching ta can tim cdch chon ra p vi tri dat
co 56 cho Trede nham 16i da héa thi phan (va d6 la loi nhudn) ciia minh véi luu ¥ la Sau ciing luén tim cdch t6i wu héa thi phan dwa
trén phdn bé co 56 dd biét ciia Trudce. Bdy la mét bai todn quy hoach 2 mirc thugc loai NP-kho va da c6 nhiéu thudt todn dwoc dé
xudt. Trong bai béo, chiing 16i dé xudt mot thudt todn 16i weu dan kién 6 sur dung tim kiém dia Pphirong. Két qua thir nghiém cho thdy
thudt todn méi dé xudt ciia chiing 16i so véi 3 phuong phdp cong bé gan day c6 sir dung phan mém cong cy CPLEX thi: thudt todn
thit nhdt ¢6 két qud ngang bang voi két qua ciia chiing t6i, nhing chay chdm hon; thudt toan thi hai cé két qua kém hon két qua ciia
chiing 16i, nhung chay nhanh hon; con thugt todn thit 3 cho két qua ngang bang va chay nhanh hon thudt todn ciia ching t6i.

Tir khéa— thugt toan ACO, tim kiém dia phwong, (r|p)-trung tam.

I. GIOI THIEU

Bai toan (r|p)-trung tam (r|p)-centroid) lan dau tién dugc Hakimi [11] nghién ciru dudi dang bai toén roi rac,
c6 thé phét biéu nhu sau. Cho mot tap I hiru han cac dia diém c6 thé chon dé dat cac co sé dich vu va mot tap J hiru
han ctia cac vi tri cua khach hang, ma tran (d;;) la khoang cach tir khach hang j € ] t6i co so i € I, cac gia tri w; Xac
dinh lgi nhuan ctia mot co s thu dugc trong viéc phuc vu khach hang j. Hai cong ty/ngudi choi Trudc va Sau s&¢ mo
céc co so kinh doanh tai cac diém cua tap 1. Dau tién, nguoi choi Triede mo p co so. Biét duoc quyét dinh cua Truéc,
Sau s& chon dé mé ra r co so. Mdi khach hang sé& chon ra co s& gan ho nhat trong s6 p + r co s cua ca hai nguoi
choi d3 mo ra nhu 13 nha cung cap cho minh. Két qua Ia tap khach hang s& duoc chia thanh hai phan: tap khach hang
lya chon Truéc va tap khach hang lua chon Sau. Bai toan dit ra 1a tim ra p vi tri dit co sé cho Trude dé dat toi da nhat
loi nhuan dudi sy phan (g manh mé& nhét c6 thé cua Sau.

Hién nay, cc nghién ciru co ban cua bai toan nay c6 thé dwoc phat trién thém nhiéu bién thé [8], [15], [17] dudi
dang céc bai toan trén dd thi [15], [17] va trong khong gian Euclide [8]. Tuy nhién, dang bai todn roi rac van dugc
nhiéu ngudi quan tdm nhat va ngudi ta di chi ra rang bai toan cua Trude thude loai Y5 —kho [7], [15], [18] con khi da
biét cac co s cua Trude thi bai toan cua Sau thude loai NP-kho [7], [11], [18].

D3 ¢6 nhiéu thudt toan dé xuét cho bai toan nay [1], [3-5], [7], [9], [13], [18]. Pic biét, Davydov cing c&c cong Su
[9] theo tiép can metaheuristics dd dé xuat 2 thuat toan VNS (Variable Neighborhood Search) va STS (Stochastic Tabu
Search) giai gin dung nhanh bai toan cua Truoc, trong d6 ho dl‘Jng phan mém CPLEX (m6t phan mém cua IBM cung cip
nhdm giai cic bai toan quy hoach tuyén tinh) dé tim 1oi giai t6i wu cho Sau mdi khi biét cac co s cua Truéc; Alekseeva
clng cac cong su [2] phat trién thuat toan IM giai ding bai toan Trude, trong d6 ciing sir dung phin mém CPLEX cho

todn Sau. Két qua thuc nghiém cho thiy wu diém cia cac thudt toan nay so véi cac thudt toan da biét trude do.

Trong bai béo nay, ching toi dé xut thuat toan tim kiém dia phuong dya trén giai thuat t6i uu dan kién (ACO)
dé giai bai toan (r|p) trung tam dong thoi cho ca Trude va Sau ma khong ding CPLEX. Két qua thuc nghiém so sanh
v6i cac thuat toan VNS va STS [9], IM [2] trén bo dir liéu Euclidean va Uniform [19] cho thdy wu diém ndi troi ctia
thudt toan mai.

Ngoai phan két luan, phan con lai ciia bai bao dugc trinh bay nhu sau: myc 11 phét biéu bai toan (r|p)-trung tam va
mot sO van dé lién quan; thuit toan dé xuat dugc gidi thiéu trong muc I1; muc 1V, chdng tdi trinh bay két qua céac thur
nghiém so sanh véi cac thuat toan da néu voi cac bd dit liéu khac nhau (theo cic cong bo trong (mg) lay tir thu vién [19].

I1. BAI TOAN (r|p) TRUNG TAM VA MQT SO VAN DPE LIEN QUAN
2.1. Phit biéu bai todn

Bai todn duwéi dang do thi. Bai toan (r|p)-trung tdm roi rac dugc phat biéu nhu sau (xem [2], [9], [18]).

Xét mot do thi hai phia ddy dii c6 trong 6 G = (I,],E), trong d6 tap dinh I = {1,...,m} biéu dién tap hop
cac dia diém co s¢ tiém ndng ma 2 nguoi choi Trudc va Sau co thé lya chon dé mé co s, tap dinh J = {1,...,n} biéu
dlen tap khach hang, E = I X J la tip cac canh c6 d6 do khoang cach tuong tmg dijv@,j) € E, moi JE ] co trong
sd w; (w; > 0) tmg v6i doanh thu ma co s¢ nhan dugc néu khach hang nay chon co s¢ lam nha cung chp. Biét rang
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mdi khach hang s& chon co s& phuc vu gan né nhét, trong trudng hop khoang cach t6i Trude bang khoang cach toi Sau
thi khach hang s€ chon Trudc.

Ta can tim p vi tri trong tap I cho Truéc sao cho téi da hoa doanh thu cta Trwéc véi luu y rang Sau sé chon r
co sO tir cac dia diém con lai cling nham t6i da héa doanh thu cua ho khi da bict vi tri dich vu cta Truodc.

Goi (X,Y) la loi giai cho bai toan (r|p)-trung tim, trong d6 X < I, |X| = p la tp cac co s& duoc Truoc chon,
vaY c{I\X}, |Y|=r latip cac co s& dugc Sau lya chon. Véi mdi tap V €1 va Vj €], ky hiéu D(j,V) =
min{d;;| i € V} cho khoang cach tdi thiéu tir khach hang j dén tat ca cac co s¢ trong tap V. Khi d6 tap khach hang s&
dugc chia thanh hai phan: Tap khach hang lya chon Truée UT = {j € J|D(j,Y) = D(j, X)} va tap khach hang lya chon
Sau U® = {J\U"}. Doanh thu cua Trudc s& 1a p" =X cyrw; = Xje;w; — p° con doanh thu cia Sau s 1a p* =
Yieuswj = Xje;w; — p'. Y8U cu bai toan Ia tim ra tap co s& X cho Trude sao cho loi nhuan cua né nhan duoc nhiéu
nhat cho du Sau c6 lya chon co s¢ Y nao di nira. Bai toan tim tap co s Y tdi wu cho Sau khi biét trudc X duoc goi 1a
bai toan (r|Xp)-trung vi ((r|Xp) — medianoid) va n6 da dugc Hakimi chirng minh 1a NP-kho [11]. Noltemeier cung
céc cong su [15] da chung minh bai toan tap co so X cho Trude co do phuc tap 1a Y5 —khé ngay ca khi ma tran (d;;)
12 ma tran khoang cach Euclide trén mat phang.

Bai todn duwdi dang quy hogch hai mizc. Bai toan (r|p)-trung tdm co thé phat biéu dudi dang bai toan tim
minimax trong bai toan quy hoach hai mtc. Ky hiéu:

o {1 néu Trutc mé co s& i 1)
L7 0 néu nguoc lai
o {1 néu Sau mé co so i @)
Yi =10 néu nguoc lai
5 = {1 néu khach hang j dwoc Truéc phuc vu 3)
7710 néu khach hang j dwoc Sau phuc vu

Khi d6 X = {iel | x=1,Y = {iel |y, = 1. V6i mdi khach hang j, ching ta dinh nghia tip co s&
1;(X) cho phép Sau “thu hat” khach hang j.

lel

Ij(X):{i eI |d, <min{d, | X :1}} (4)

V6i céc ky hiéu nhu trén, bai toan (r|p)-trung tim dugc biéu dién nhu sau:

max > w,z;(X),
X jed

2%= 5)
X e{0.Iiel,

Véi z; (X), y; (X) 1a phuong 4n t6i vu thi bai toan Sau s& la:

max > w;(1-2;),
¥z jed
y; =T,
; . (6)
1-z,< ) vy, el
iel; (X)

¥ Z; e{0,1}, iel,jed.

Luu ¥ rang, ham muc tiéu W *(X) = ij z;(X) la tbng loi nhuan cua Trudc khi né mé ding p co so, gia tri
jed

7
.....

2.2. Mt s vén @@ lién quan

Di c6 nhidu thuat toan dung, heuristics va metaheuristics duoc d& xuit cho bai toan nay. Gan day, Davydov
cling cac cong su [9] di dé xuat 2 thuat todn metaheuristics VNS va STS giai gan dung nhanh bai toan Trudc;
Alekseeva cung cac cong su [1] da dé xuat 2 thuat toan metaheuristics IEM va MEM giai dung bai toan cho Trude, sau
d6 cach phat trién thuat toan IM [2] hiéu qua hon cic phwong phap di biét trude d6. Cac thuat toan nay déu giai bai
toan quy hoach 2 mirc nhd dung phin mém CPLEX dé tim loi giai t6i wu cho Sau mdi khi biét cac co s¢ cua Trudc.
Trudc khi gioi thiu thuat toan méi, ching toi gioi thigu tom tit phuong phap ti wu hoa dan kién.
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Phirong phdp t6i wu héa dan kién (ACO)

Phwong phap nay dugc Dorigo dé xuat (1991), 1a mgt phuong phap metaheuristics, md phong cac tim duong di
cua kién tu nhién nho su dung vét mui nhu théng tin hoc tang cuong, thyc nghiém cho théy mdt cong cy manh mé dé
giai nhiéu bai toan t6i uu t6 hop kho va dang dwoc str dung rong réi [10]. Trong ACO, bai toan gbc duoc dua vé bai
toan tim 10i giai trén do thi ciu tric G = (V,E,Q,n,T), trong d6 V tap dinh, E 13 tip canh, n va T twong tng 1a cac
thong tin heuristics va vét mui (thé hién thong tin hoc ting cuong) cé thé dé & cac dinh hodc cac canh. Mdi 10i giai
chap nhan dugc 1a mot duong di thoa méan didu kién Q, bat dau tir mot dinh trong tap C, ciia V, rdi mé rong nho thi tuc
budc ngiu nhién dya trén thong tin heuristics va vét mui. Cac thuat toan ACO dung N,,,, kién nhan tao, trong mdi
budc lap, mdi con kién tim mot 10i giai nho thi tuc budce ngau nhién trén dd thi cdu trac, cac 10i giai dugc danh gia va
ap dung thu tuc tim kiém dia phuong. Sau d6 cac 10 giai lai dwoc danh gia va cap nhat mui nhu 1a thong tin hoc ting
cuong cho cac con kién tim 161 giai trong 1an 1ap tiép theo. Lugc dd cua thi tuc ACO ap dung trong bai bao nay duoc
ddc ta trong Hinh 1.

Procedure Thuét toan-ACO
Begin
Khéi tao ma tran vét mui va Ny, kién;
Repeat
Xay dung 10i giai; // Mdi kién s& xay dung 16i giai cho minh
Tim kiém dia phuong; // Ap dung cho 15i giai tot nhat
Cép nhat vét mui;
Until gap diéu kién ding;
End;

Hinh 1. Thuit toan ACO téng quat

Khi ap dung phuong phap ACO, c6 4 yéu t6 quan trong anh hudng nhiéu t6i hiéu suét thuat toan: 1) D6 thi cAu trac
va thd tuc budc ngau nhién de tim o1 gidi, 2) thong tin heuristics, 3) quy tac cap nhat mui, 4) k¥ thuat tim kiém dia phuong.

Il. THUAT TOAN r|p-ACO
3.1. Lwoc dd tong quat

Trong thudt toan nay, Trwdc va Sau thuc hién qua trinh Iap tuan ty viéc tim 10i giai gin dang cho mdi ngudi
choi. Ky hiéu ng,, T V& ngpnS twong tng 1a s6 kién dugc dung dé tim 10i giai gan ding cho ngudi choi Trwéc va Sau
trong mdi vong 13p, Nypeq; 14 s6 vong 13p tudn tu tim loi giai cua thuat todn. Khi dé voi r va p da cho thuat toan r|p-
ACO thuc hién theo luoc d6 nhu Hinh 2.

Budc 1. Khéi tao ma tran vét mui cho Triede VA Ngne T, NaneS, Neotar)
Budc 2. Thuc hién lap:
2.1. ACO- Truéc; //Véi mdi kién k tim 161 giai Xy cho Trudc
2.2. ACO- Sau; //Tim 10i giai Yy cho Sau véi 161 giai cua Trude 1a Xy;
2.3. Chon ra X* 14 10i giai t6t nhat trong sb cac 10i giai Xy;
2.4.LS(X*);  //Tim kiém dia phuong cho 10i giai X* t6t nhét
2.5. Cap nhat X* va trd lai 2.1 néu chua két thuc.
Budc 3. Trich 161 gidi cho trudc va sau.

Hinh 2.Thuét toan r|p-ACO
Trong d6 cac thi tuc ACO- Trudc va ACO- Sau thye hién nhu sau.
3.2. Tha tuc ACO

Céc thu tuc ACO- Trudc va ACO- Sau thuc hién nhu mo ta trong Hinh 1, chi khac nhau & tip vi tri dugc chon
trong moi budc 1ap. Trude khi mo ta cu the tirng thu tuc, ching toi gidi thi¢u cac thanh phan chinh cta thuat toan: do
thi cau triic va thu tyc budce ngau nhién, thong tin heuristics, quy tac cap nhat mui, k¥ thudt tim kiém dia phuong.

D6 thi cdu triie va thii tuc bude ngdu nhién.

Bo thi cau truc cho ACO- Truéc (hoic ACO- Sau) 1a mot do thi G(V, E) twong ung gom p (hoic r tang) cac
dinh & mdi tang ¢6 chu tric nhu nhau (V; = I) 1a tap vi tri co thé dit co s, cac dinh & tang trude co canh két ndi véi
cac dinh ¢ ting lién sau né nhu dwoc mé ta trong Hinh 3. Khi x4y dung 10 gidi theo thu tuc budc ngiu nhién, kién
chon ngau nhién mét dinh thudc tap ung ctr allow & tﬁng hién tai dya trén vét mui va thong tin heuristics sau d6 dinh
nay duoc loai khoi tap tng ctr cho viéc chon dinh ké tiép ¢ ting sau. O tang tha nhat, tap allow caa Truéc bang {13,
con tap allow cua Sau= {I — X}. Néu kién k ¢ dinh y nao d6 cua tang i thi xac suit né chon dinh x trong tap allow(y)
& tang sau dugc cho boi cong thire (7).

Px = S - @)

Yzeallow(y) leznf
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Luuy rang khi mét dinh (vi tri) da duoc kién di qua thi dinh tuong tg bi loai khoi tap g cur cho mdi tAng sau
khi xay dung 10i giai. Viéc xay dung 10i giai ciia kién két thiic khi qua hét cac tang.

V1

Hinh 3. D4 thi cdu triic
Thong tin heuristic

7 Théng tin heuristics 1, cua dinh x dugc tinh bang tong loi nhuan cua [ khach hang gan dinh x nhét chia cho
tong d6 dai tir [ khach hang nay t&i x nhu trong cong thuc (8)

— Z‘-5=1Wi
Ny = Z€:1 dists[x,i] ' (8)
. I yxpr A in £ , N N R )
trong d6 [ = % 1a ty so gitra S0 luong co so trong I va p, 7, 1a gia tri vét mui trén dinh x (x € ;).

Quy tdc cdp nhdt vét miii

. Sau mdi vong lap cua thu tuc ACO- Truéc / ACO- Sau, cudong do vét mui trén moi dinh s& duoc cap nhat theo
quy tac SMMAS (xem [19]) cho bdéi cong thire (9)

7« (1=p)ti + 47 o
Véi At; = {mem néu (i) € w(t)
PTmax Néu (i) € w(t)

wi(t) 1a 101 giai t6t nhit & budc lap thir t sau khi da thuc hién tim kiém dia phuong,
Tmax VA Tmin 12 2 tham s6 duoc xac dinh trudc.

ACO-Trudéc

Thu tuc ACO- Truoc thye hién qua trinh tim 161 gidi cho nguoi choi Truoc duge dac ta trong Hinh 4, trong d6
moi kién s€ lan lugt xay dung 101 giai cho riéng minh.

Procedure ACO- Trudc
Begin
for mdi kién k € ng,,, T do
Xay dung 16 giai Xy cho kién thi k;
Return X;
End;

Hinh 4.Tht tuc ACO- Trudc
ACO- Sau

Dé danh gia dugc lgi nhuan ma Truéc nhan dugc khi chon phuong 4n X thi bai toan Sau phai dugc giai quyét.
Nhu d& dugc trinh bay ¢ trén, bai toan Sau hay con dugc goi la bai todn (r|Xp) — medianoid da dugc chang minh 1a
NP-kho. Trong phan nay, ching tdi xay dyng thii tuc ACO- Sau nham tim ra r co s& ti wu cho Sau khi biét dwoc p co
s& cua phuong 4n X do Trudc chon nhu trong Hinh 5. Vi mdi phuong an X, chung t6i st dung sb lwong kién 14 n,, S,
mdi kién s& xay dung phuong an Y cho Sau cho riéng minh. Loi giai tot nhat cua phuong 4n Y s& duoc st dung dé tim
kiém dia phuong nham tang chat luong loi giai tai mdi bugc lap. Két thic qua trinh 1ap sé& tra vé 1oi giai ¥ tt nhat (Y*)
cho nguoi choi Sau.

Cau trac do thi, thng tin heuristic va quy tac cap nhat vét mui trong thuat toan ACO- Sau tuong ty nhu trong
thuét toan ACO- Truoc.
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Dé danh gi4 chét luong 10i giai cua thuat toan ACO- Sau, chiing t6i tién hanh chay thir nghiém thuat toan ACO-
Sau so sanh két qua cua thuat toan voi két qua cua phan mém thuong mai CPLEX cua IBM dugc cong bé trong [9] va
nhan thay rang thuat toan ACO- Sau cho két qua chinh xac nhu phan mém CPLEX vdi sai s6 xap xi bang 0.

Procedure ACO- Sau(X)
Begin
Khoi tao ma tran vét mai cho Sau va ng,.S kién;
repeat
for mbi kién k € ng,, S do
Xay dung 10i giai Y cho kién thu k;
Chon ra Y* 12 1o giai tot nhat trong cac Y
LS(Y*); //Tim kiém dia phuong cho phuong 4n Y*
Cap nhat Y*;
until gap diéu kién ding
return Y*;
End;

Hinh 5.Thuat toAn ACO-Sau
K7 thudt tim kiém dia phirong

Ky thuat tim kiém dia phuong thuc hién ddi voi phuong an X nhu sau: Mdi phan tir trong phwong 4n X s& duoc
thay thé boi mot phan tir trong tap ng cir U, néu ham muyc tiéu thu dugc 1a cao hon thi ghi nhan lai phuong an X. Qua
trinh nay duoc 1ap lai cho dén khi moi phan tir trong U duoc thay thé vao moi vi tri trong X.

Procedure LS(X)
Begin
u=1I-X;
for méi x € X do
for méi u € U do
Thay thé x bing u;
If (loi nhuan thu duoc 12 tot hon) then Cap nhat X;
Return X;
End;

Hinh 6.Thuat toan tim kiém dja phuong

Thuét toan tim kiém dia phuong gitap cho viéc cai thién két qua duogc tdt hon, tuy nhién d6 phirc tap cua thuat
toan 1a1 kha lon V1 theé chung t01 chi str dung tim kiém dia phuong véi kién tot nhat tai moi bude 1dp nham muc dich

.....

IV. THU NGHIEM

Trong phan nay, ching toi cai dat thuat toan r|p-ACO va thir nghiém trén bo dir liéu tir thu vién Discrete
Location Problems [19]. T4t ca cac bo thir nghiém déu c6 kich thudc nhu nhau |I| = |[J| = 100. C6 2 bo dir lidu la
Eclidean va Uniform. Trong loai Eclidean, ma trdn (d;;) xac dinh khoang cach Eclide gilta cic diém trén mot mat
phing va tit ca cac diém d6 déu thugc pham vi 7000 x 7000. Trong loai Uniform, mdi phan tir ctia ma tran (d; ) co gia
tri ngau nhién trong khoang tir 0 dén 10*. Trong mdi bo dir lidu déu co hai loai lgi nhuan, truong hop tha nhét w; =1
vGi moi j € J, con trong trudng hop thir hai thi cic gia tri ndy dugc lua chon ngiu nhién trong khoang tir 0 dén 200.
Chang t6i thtr nghiém véi cac bo p = r = {10,15} trén bo dir liéu Eclidean va p = r = {7} trén b6 di liéu
Uniform.

Céc thir nghiém déu duoc tién hanh trén may tinh Intel Pentium G3220 3.0GHz, RAM 4GB, Window 7
Professional. Muyc dich cua thir nghiém 1a danh gia hiéu suét caa thuat toan dé xuét théng qua so sanh lgi nhuan l6n
nhét cua Truéc nhan dugc va do phic tap thoi gian (phat) cua thuat toan dé xuat véi cac gid tri twong Gng cua thuét
toan IM [2] (cai dat trén may tinh Intel Xeon X5675, 3 GHz, RAM 96 GB, Windows 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).

Céc tham s6 trong thir nghiém duoc thiét dat nhu sau:

[I] = |J] = 100, ngp: T =50, ngp:S = 10, Nigrar =100;

Tmax = 1.0, Tmin = szl"}Ta =1, ‘B 2“0 =0.1.

Céc Bang 1, 2, 3 la cac két qua tinh toan twong ing cua cac thuat toan r|p-ACO, IM, VNS va STS. Trong do,
Bang 1, 2 1a két qua khi chay trén bo dir liéu Euclidean, Bang 3 1a két qua khi chay trén bg dir liéu Uniform. Trong mdi
bang, cot B test thé hién ma ctia mdi bo test thir nghiém trong bo dit liéu, cot W*(X) va Time tuwong Gng 1a lgi nhuin
16n nhit ma Truwéc thu duge va thoi gian chay ctia mdi thuat todn duoc tinh theo don vi phit.
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Béng 1. Bo dir liéu Eclidean, p = r = 10

. w;=1 W; e 0...200
tlth W*(X) Time (phut) W*(X) Time (phut)
r|p-ACO IM r|[p-ACO | IM | r|p-ACO | IM | VNS | STS | r|p-ACO | IM | VNS | STS
111 50 50 13.28 13 4,361 4,361 | 4,361 | 4,361 5.83 60 | 0.35 | 1.07
211 49 49 5.28 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 1.48 146 | 0.35 | 0.35
411 49 49 20.9 135 4,994 4,994 | 4,994 | 4,994 1.53 33 | 3.33 | 0.33
511 48 48 0.5 270 4,906 4,906 | 4,906 | 4,906 1.37 399 | 1.78 | 0.47
611 47 47 9.13 900 4,595 4,595 | 4,595 | 4,595 0.9 1431 18 | 0.75
711 51 51 0.9 12 5,586 5,586 | 5,586 | 5,586 7.22 73 1 093 | 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 0.4 | 0.33
1011 49 49 5.92 180 5,005 5,005 | 5,005 | 5,005 3.28 97 | 357 | 1.73

Trong Bang 1, v6i truong hop W; = 1 thi thuat toan r|p-ACO cho két qua twong ddng véi thuat toan IM nhung
v6i thoi gian nhé hon nhiéu. Con ddi voi trudng hop W; € 0...200 thi thuat toan VNS, STS va r|p-ACO hon nhau
khong dang ké vé mat thoi gian, boi vi khi s6 lugng co s¢ dugc chon cho Truwde va Sau 1a thap thi do phic tap cia bai
toan con nho, nhung véi sb lugng co sé duge chon ting dan thi do phirc tap ciia bai toan ting 1én dang ké. Trong [3]
Ekaterina Alekseeva di chimg minh do phirc tap ciia bai toan 1a 16n nhét khi p =r = {15, 16, 17}.

Béng 2. Bo dit liéu Eclideanp = r = 15

W; € 0...200
B test W*(X) Time (phut)
rlp-ACO | IM | VNS | STS | r[p-ACO| IM | VNS [ STS
111 4,596 4,596 | 4,596 | 4,596 20.08 72 497 | 29
211 5,373 5,373 | 5,373 | 5,373 45.17 3,845 | 335 | 14
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 4,881 4,881 | 4,881 | 4,881 18.92 2,293 14 | 1.92
711 5,827 5,827 | 5,827 | 5,827 13.6 1,320 | 4.69 | 3.52
811 4,675 4,675 | 4,620 | 4,675 6.35 4570 | 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 2 cho thay thuat todn r|p-ACO cho két qua chinh xé&c trong thai gian ngén hon nhiéu so voi
thuat toan IM khi s6 lugng co sé dwoc chon cho Trirdc va Sau ngay cang ting. Vi p = r = 15, trong mot sé bo test,
thuat toan IM mic du véi cAu hinh manh nhung phai chay trong vai nghin phut méi thu dwoc két qua (vi du bo test 811
yéu cau mot khoang thoi gian 1én dén 4,570 phit), nhung thuat todn r|p-ACO chay trong khoang thoi gian chap nhan
duoc (trung binh khoang 27 phut). So voi thuat todn VNS va STS thi thuét todn r|p-ACO chay cham hon bai ly do
chinh 14 7|p-ACO duoc ding dé giai ca hai bai toan cho Trudc va Sau, trong khi d6 VNS va STS chi giai bai toan cua
Trude (con bai toan ctia Sau duge gidi boi phin mém CPLEX).

Bang 3. B6 dit liéu Uniformp =r =7

W; € 0...200
B test W*(X) Time (phut)
7|p-ACO VNS STS 7|p-ACO VNS STS
123 5009 5009 5009 38.26 5.08 1.1
223 5459 5459 5459 36.92 3.05 1.1
323 5019 5009 5019 79.28 2.42 0.92
423 4908 4908 4908 175.53 4.95 2.44
523 5208 5198 5208 8.4 4.88 0.38
623 5032 5032 5032 11.67 4.95 3.3
723 5055 5055 5055 18.62 4,78 1.05
823 4951 4860 4951 4.2 4.93 1.25
923 5127 5060 5127 14.43 3.63 1.87
1023 5084 5067 5084 59.1 5.38 4.65

Tir két qua thir nghiém trong Bang 3 c6 thé két luan rang thuat toan r|p-ACO dé xuat cho két qua twong duong
véi thudt toan STS trong khi d6 thuat todn VNS chi dung véi cac bd test 123, 223, 423, 623, 723. Thoi gian chay cua
thuat toan khong toi uu boi ly do twong tu nhu phan tich & trén.
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Trén day, ching t6i d& xuat mot giai thuat ACO cho bai toan (r|p)-trung tim rdi rac. Trong thuat toan nay,
phuong phap ACO dugc ap dung dya trén su biéu dién bai toan nhu mot bai toan tdi uu héa rdi rac hai muc. Thir
nghiém cho thiy thuat todn méi so véi ba phuong phap gan day phai dung CPLEX dé tim 1oi giai cho Sau thi thuat
todn m&i ndy méc dd chi chay nhanh hon mét thuat toan khac, nhung cho két qua tinh toan ngang bang hoac tt hon
két qua cua thuat ton khac. Viéc cai thién tc do thuc hién cua thuat toan méi thdng qua cai tién tim kiém dia phuong
va/hoic két hop véi CPLEX la mot hudng nghién ciru méi cua ching tdi trong twong lai. Chung t6i ciing hy vong tiép
can nay ¢ thé phat trién cho cac bai toan twong tu vé mang, khi khach hang nam & cac dinh ctia d6 thi con cac co sd co
thé mo tai cac diém tiy ¥ trén cac canh ciia no.
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AN EFFECTIVE ALGORITHM BASED ACO SOLVE r|p
CENTROID PROBLEM

Vu Duc Quang, Hoang Xuan Huan, Do Thanh Mai

ABSTRACT— The (r|p) centroid problem is to locate the openning facility for two players Leader and Follower (Leader’s
competitor). It helps the players gain the largest market share for themselves and therefore it is now one of the most attractive
proprlems for researchers. In this problems, Leader opens p facilities then Follower opens r facilities. Typically, each client chooses
the nearest facility as his supplier. We need to find how to choose p facilities for the Leader in such a way that it maximizes his
market share (profit), and then Follower always wants to optimize the market share based on distribution of Truoc’s facilities. This
problem can be represented as a bilevel programming problem of the NP-hard type and there have been many proposed algorithms
for the problem. In this paper, we propose an algorithm based on ant colony optimization algorithm with local search. The test
results show that our algorithm in comparison with three algorithms recently published using the CPLEX tool is that the first
algorithm’s result is equal to ours, but it runs slower than ours, the second algorithm runs faster than ours but the result is not good
as ours, the third algorithm’s result is equal to ours, and it run faster than ours.
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