Tap chi Khoa hoc Dai hoc Can Tho

Tap chi Khoa hoc Dai hoc Can Tho

Tdp 62, S6 34 (2026): 115-125

s

Tap chi Khoahoo
DAI HoC CAN THO

Trutog Daihgo CSa Th

Phén A: Khoa hoc tu’ nhién, Cong nghé va Moi trudng

ISSN 1859-2333 | e ISSN 2815-5599

DOI:10.22144/ctujos.2026.118

THUAT TOAN TOI UU HOA BAY DAN CHO BAI TOAN VI TRi
FERMAT-WEBER TREN MAT CAU

Ng6 Vi Khang'*, Thai Pirc Hung', Phan Vin Hoang Phat', HO Thién Trung' va

Nguyén Thi Cam Tién?

"Trwong Si pham, Pai hoc Can Tho, Viét Nam
2Truong Khoa hoc Tu nhién, Pai hoc Can Tho, Viét Nam
*Tac gia lién hé (Corresponding author): Khangb2200016@student.ctu.edu.vn

Thong tin chung (Article Information)

Nhdn bai (Received): 30/09/2025
Stra bai (Revised): 07/11/2025
Duyét dang (Accepted): 17/05/2026

Title: Particle Swarm Optimization
algorithm for the location problems

Author(s): Ngo Vi Khang'", Thai Duc
Hung', Phan Van Hoang Phat', Ho
Thien Trung' and Nguyen Thi Cam
Tien?

Alffiliation(s): 'School of Education,
Can Tho University, Viet Nam; *Faculty
of Natural Sciences, Can Tho , Viet
Nam

TOM TAT

Bdi todn Fermat-Weber trén mat cau la mot mé rong tw nhién cua
bai todn dy trén mdt phdang. Do tinh phi tuyén va cdc tinh chdt hinh
hoc dac biét cua khong gian cau, bai toan da dat ra nhiéu thach
thire trong viéc tim nghiém t6i wu bang cdc phwong phép truyén
théng. Trong nghién civu nay, mot cach tiép cdn khdc cho bai todn
dua trén thudt todn Téi wu bay dan (Particle Swarm Optimization
- PSO) dugc dé xuat. Thudt todn dugc thiét ké lai dé bao dam cdc
cd thé luén di chuyén trén mat cau thong qua ky thudt déi toa do.

Tir khéa: Bai toan Fermat-Weber trén mdt cau, bai toan vi tri, bai
toan p-median, toi wu hoa bay dan

ABSTRACT

The Fermat-Weber problem on a sphere is a natural extension of
its planar counterpart. Due to the nonlinearity and unique
geometric properties of the spherical space, the problem poses
significant challenges in finding optimal solutions using
traditional methods. In this study, we propose an alternative
approach based on the Particle Swarm Optimization (PSO)
algorithm. The algorithm is redesigned to ensure all particles
remain constrained to the sphere's surface by employing a
coordinate transformation technique.

Keywords: Fermat-Weber problem on the Sphere, location
problem, Particle Swarm Optimization, p-median problem

1. GIOI THIEU

1.1. Bai toan Fermat-Weber va cac cong
trinh lién quan dén ly thuyeét vi tri

Bai toan Fermat-Weber duogc dat tén theo Alfred
Weber, 12 mot trong nhitng bai toan ndi tiéng nhét
trong 1y thuyét vi tri. Tién than cua bai toan 13 bai
todn Fermat dugc xay dung bdi nha toan hoc Phap
Pierre de Fermat trudc ndm 1640. Bai toan Fermat
dugc phat biéu nhu sau: Trong mit phing, hdy xac
dinh mét diém sao cho téng khoang cach tir diém do

dén ba diém phan biét cho truéc 12 nho nhat. Nam
1645, Torricelli dd tim ra mot cach giai bang hinh
hoc cho bai toan 4y, nhung gin 3 thé ky tiép theo
van khong c6 101 giai nao bang phuong phép sd dugc
dua ra. Cho dén nam 1909, trong cudn sach Uber
den Standort der Industrie, nha kinh t& hoc nguoi
Duc Alfred Weber di tong quat hoa bai toan Fermat
lén thanh viéc xac dinh mot diém sao cho tong
khoang cach c6 trong s tir diém d6 dén n diém cho
trude trén mat phing 1a nho nhit (Weber, 1909). Bai
toan 4y da dat nén mong quan trong cho nhiéu cong
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trinh nghién ctru lién quan dén ly thuyét vi tri
(Location Theory). Tac dong dau tién 1a viéc mo
hinh hoa cac van dé trong 1y thuyét vi tri: im vi tri
t6i uu véi muc tiéu giam tong chi phi van chuyén
hay di chuyén giita cic diém nhu nha may, bénh
vién, truong hoc, kho bai, khu cong nghiép,...; md
hinh nay ciing dugc m¢ rong bang viéc tinh dén
trong s6 dai dién cho cac yéu t6 nhu khbi lwong, quy
mo hodc tam quan trong cua timg diém. Tiép d6 la
su ra doi cua nhiéu thuat toan nhu Thuét toan lap
cia Weiszfeld (1937), cac thuat toan dwa trén
gradient dé tim nghiém gan ding nhu cong trinh cta
Kuhn and Kuenne (1962). Bac biét, bai toan Fermat-
Weber 1a tién dé dé xay dung cac 10p bai toan p -
median va p - center ngay nay. Marianov and Eiselt

(2024) da cung cap mot cai nhin téng quan co chon
loc vé su phat trién cua Iy thuyét vi tri trong subt 50
nam qua.

1.2. Thuit toan Tdi wu biy dan

Thuat toan t6i wu biy dan (Particle Swarm
Optimization hay con dugc goi tat 1a PSO) 1a mot
metaheuristic n6i tleng dwa trén quan thé dé giai
quyét cac bai toan tdi uu hoa. Thuat todn nay mod
phong hanh vi xa hoi ciia cac dan chim, dan cé trong
qua trinh chiing tim kiém thirc an. Chung lién tuc
cap nhat vi tri cia ban than theo vi tri tdt nhat ma
chung tim thiy va vi tri tt nhét cua toan bo biy dan,
dan tap hop lai va din dén sy hinh thanh t6i uvu. PSO
1a thuat toan duogc gioi thiéu 1an ddu vao nam 1995
boi nha tdm 1y hoc xa hdi James Kennedy va
ky su dién Russell Elberhart (Kennedy &
Elberhart, 1995).

Ké tir khi duoc moi ngudi biét dén, da co rat
nhidu nghién ctru va nhimg cai tién dang ké dbi voi
thuat toan PSO dé phuc vu muc dich va phu hop voi
linh vuc nghién clru ctia cac nha nghién ctru. Nhiing
sira d6i PSO c6 thé ké dén nhu thuét toan biy hat
Gauss (Gaussian Swarm) da dugc Krohling (2004)
phat trién dya trén phan phdi xac suit Gauss
(Gaussian probability distribution). Mgt phién ban
mai cia PSO 1a Concurent PSO da dugc Baskar and
Suganthan (2004) nghién ciru dé cai thién hiéu suét
hoéi tu cua PSO. Céac nha nghién ciru d@ mé rong
pham vi img dung cua thuat toan PSO cho nhiéu bai
toan t6i wu hoa trén nhidu linh vuec, chéng han nhu
t6i wu hoa da muc tiéu, da phuong thirc, t01 uu hoa
11 rac,... Pdng thoi, ho clng tim hiéu tAm quan
trong cua cac gia tri tham s6 trong thuat toan PSO
nhu: trong so quan tinh, hé s6 gia toe, sb luong
hat,... Mot sb két qua tiéu biéu: Shi and Eberhart
(1998) di gioi thiéu trong s6 quan tinh (w) dé kiém
soat sy anh huong cua van tde trude d6 dén van toe
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hién tai cla cac hat, gitp giam nguy co xay ra cuc
tri cuc bg. Krohling and Coelho (2006) st dung cac
phan phdi xac suat nhu Gauss va Cauchy d& xuat
mot bién thé moi 1a Particle Swarm with
Exponential Distribution nhim ting kha ning tim
kiém toan cuc va tranh hoi tu sém.

1.3. Téi wu héa biy dan dwogc ap dung trong

Ly thuyét vi tri

Thuét toan T6i wu bay dan duoc tmg dung trong
nhiéu linh vyc khac nhau. Riéng dbi voi Ly thuyét
vi tri, trong nhitng nam gan day PSO c6 nhiéu tmg
dung quan trong trong viéc giai cac bai toan tdi uu
lién quan dén cac bai toan dinh vi co sé ha téng nhu
dich vu cong (bénh vién, trudng hoc, tram ctru hda),
mang ludi giao théng va hé thdng logistics. Mot
cach cu thé hon, PSO 1a mot cong cu manh dé giai
cac bai toan p-median va p -center. Giiner and
Sevkli (2008) da phat trién mot thuét toan PSO roi
rac nhim giai bai toan dinh vi co s& khong gidi han
cong sudt (Uncapacitated Facility Location
Problem-UFLP), véi muc tiéu tdi thiéu hoa tong chi
phi thiét 1ap va van chuyén. Sevkli et al. (2014) da
xdy dung mot bién thé cua PSO 1a New Discrete
Particle Swarm Optimization nham giai quyét bai
toan p -median, véi myc tiéu giam chi phi phan bd
va cai thién chat lwvong nghiém. Gan day nhit,
Zheng et al. (2024) da dé xuat thuat toan PSO cai
tién mang tén Diversity-based Hybrid PSO dé giai
bai toan dinh vi trung tdm logistics cho drone, tan
dung cac chién lugc tim kiém da dang nhim nang
cao kha nang thoat khoi cuc tiéu cuc bo va cai thién
hi€u qua dinh vi.

1.4. Cac déng gép ciia bai bao

Trong bai bao nay, thuat toan Tdi wu bay dan
duoc ing dung vao viéc tim nghiém xap xi cho bai
toan Fermat-Weber trén mat cau.

2. BAI TOAN FERMAT-WEBER TREN
MAT CAU
2.1. Giéi thi¢u

Trong bai bao nay, bai toan Fermat-Weber da
dugc mo rong dé su dung [én trén mat cau. Khong
gian nghién ctru chuyén tir khong gian Euclid sang
khong gian phi Euclid, cu thé 1a khong gian hinh hoc
cau, noi khoang cach gitta hai diém trén mat cau
dugce do bang d6 dai cung tron 16n thay vi doan
thang ndi hai diém d6. Bai toan Fermat-Weber trén
mit cau da dugc nghién ctru boi nhiéu tac gia trude
do6, tiéu biéu nhu Katz and Cooper (1980) di mo
hinh hoa khoang cach giira cic diém bang do dai
cung tron 16n va xay dung diéu kién can bing vector
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dé xac dinh nghiém t6i wu, dong thoi d& xuit mot
thuat toan lp tuong tu nhu Weiszfeld dé tim nghiém
gan ding cho bai toan, hay Rubio-Lopez et al.
(2023) xem xét bai todn Weber ngugc trén mat
phing va mit cau dé tim cac trong so khi biét trudc
nghiém tdi uu cua bai toan.

Trén mat cau, bai toan Fermat-Weber yéu ciu
tim mot diém P sao cho tong khoang cach tir diém
do dén cac diém A4, 4,,.., A, dat gia tri nho nhat.
D6i voi bai toan nay, khoang cach giira 2 diém cing
ndm trén mot mit cau cho trudc duge tinh dua trén
d6 dai cung tron 16n gitra cac diém thay vi khoang
cach thang. Bai toan dugc mé ta boi phuong trinh
t6i uu sau:

n
DES £
i=1
Trong d6:
S(P) 1a khoang céach t6i uru cin tim;

—  w; latrong so cia diém 4;;

_d(P,4) la khoang cach gitra hai diém trén
mat cau.

Viéc nghién ctru bai toan Fermat-Weber trén mat
cau khong chi mang tinh 1y thuyét ma con dem lai
nhiéu ung dung thuc té. Dién hinh, bai toan nay co
thé duoc ap dung trong tdi wru héa vi tri co so ha ting
nhu tram phat séng, cang bién va sin bay trén bé
miat Trai Dat nhim giam thiéu chi phi van hanh
nhung van dat hiéu suat hoat dong t6t nhat. Ngoai
ra, bai toan con dong vai trd quan trong trong hé
thng dinh vi vé tinh (Global Positioning System-
GPS), lap ké hoach duong bay ngan nhit trong hang
khong. Nhitng van dé nay da duoc nghién ctru rong
rai trong linh vyc facility location problem véi cac
nghién ctru vé vi tri co s& trén mit ciu nhu Katz and
Cooper (1980), Drezner and Wesolowsky (1978) va
gan day 1a Shih (2015). Nhiing g dung nay khing
dinh tam quan trong cia bai toan trong viéc giai
quyét cac van dé thuc tién lién quan dén dinh vi va
t61 wu hoa trén bé mat ciu. Bén canh cac hudng tiép
can dya trén thudt toan ldp nhu cac thuat toan
Weiszfeld mé rong dugc mo ta bdi Drezner and
Wesolowsky (1978) va Katz and Cooper (1980),
phuong phap Big Triangle-Small Triangle duogc dé
xudt boi Suzuki (2019) nham giai bai toan Weber
trén mit cdu thong qua cach chia mién tim kiém
thanh cac tam giac cau 16n, sau d6 dan thu hep thanh
c4c tam gidc nho hon dé xac dinh nghiém gan t6i wu.
O mdi bude 13p, mién tim kiém dwoc tinh chinh dwa
trén gia tri cia ham muyc tiéu tai cac dinh tam giac,
tlr 46 dan hoi tu dén vi trf ti wu trén mit cau. Cach
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tiép can nay dic biét hitu ich trong viéc xir Iy cac bai
toan phi 16i trén bé mat clu va khic phuc cac han
ché v& hoi tu cua nhimg thuat toan dang Weiszfeld
b dién (Suzuki, 2019). Nguyen et al. (2024) di dé
xuét mot bién thé cua thuat toan PSO, goi la Fermat—
Weber Location PSO (FWL-PSO), nham giai quyét
bai toan lap ké hoach dudng bay hop tac cia cac
thiét bj bay khong nguoi 1ai (UAVs). Trong nghién
clru nay, bai toan Fermat-Weber dugc phat biéu
trong khong gian Euclid R™, noi khoang cach giira
cac diém dugc tinh bang khoang cach Euclid thong
thudong va muc tiéu la t61 uu vi tri tdp trung cua cac
UAV trong khong gian ba chiéu. Tuy nhién, cich
tiép can nay chua xem xét bai toan Fermat-Weber
trong khong gian phi Euclid, cu thé 1a trén mit cau,
noi khoang cach dugc do theo d6 dai cung tron 16n.
Hién nay, chua c6 cong trinh nao ap dung truc tiép
thuat toan PSO dé giai bai toan Fermat—Weber trén
mit cau, do d6 hudng tiép can cia nghién ctru nay
g6p phan mé rong pham vi ing dung ciia PSO sang
khong gian hinh hoc cau.
2.2. M@t sb tinh chat

Ta xay dung ham muc ti€u cua bai toan trén mat
cau don vi:

={(x,y,Z)€ R3 |x2 +y2 +z' = l}.

Cho n diém phan biét, p,e S*,i=1,2,...,n,va

cac trong $6 w, >0,Vi=1,2,...,n,bai toan Fermat-
Weber trén mit cau yéu cau tim diém p, e S° dé toi

thiéu hoa ham Weber:
F(p)= Zwidsl (P, p,)-
i=1

Khai niém 1: Hé toa do cdu

Trong khong gian Oxyz, toa do cau ciia mot
diém P(x; y;z) 1a mot b c6 thir tw gdm 3 thanh phan
(r;(p,'@) trong do: r=0OP, @ la goc giita vector
;z(l;O;O) va O—PI, @ 1a goc giita vector OP va
mit phang (Oxy)vc'ri P, 1a hinh chiéu cia P lén

mit phing (Oxy), pe {%,%} vape (—7[,7[].

Ki higu: P(r;0:0).
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Hinh 1. Hé toa d¢ ciu
Dé giai bai toan Fermat-Weber trén mit cau voi

cac diém nguon (dai dién cho céc co sd, thanh pho,
khu vyec,...), can thi€t phai dinh nghia mot hé toa do
cau lién ket tryc tiep vdi toa do dia ly cia cac diém
d6. Do do ta quy udc:

o Goc ¢ lavidg dialy va:

+ ¢ >0: diém nim ¢ Bic ban ciu,

+ ¢ <0: diém nim & Nam ban cau,

+ ¢=0: diém ndm trén mat phang xich dao

(Oxy) .
e Gobcg 12‘1>kinh‘ do dia ly Yé:
+9>0: diém nam 6 ban c@u Dong,
+ @ < 0: diém nam ¢ ban cau Tay,
+ ¢ =0: diém nim trén kinh tuyén gic.

X =71 COS® COSH

y=r cosgsing .
z=r sing

Tu khai niém ta co:

Trong hé toa do nay, khi =1 toa d6 mot diém
P(r,9,0) duoc ki hiéu 1a: P(:9).

Pinh Iy 1: Trong khong gian Oxyz , mot diém
P(x; ¥z ) trén mat cau don vi 2 c6 toa do trong hé

toa do cau la P(¢:9) v6i ¢ = arcsinz va
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arctanl,x >0,y>0
X

arctanl+7r,x< 0,y>0
X

arctanz—ﬂt,x< 0,y<0
X

arctanl,x >0,y<0
x

T
—,x=0,y>0
2 y

-
—,x=0,y<0
5 y

Trong nghién ctru nay, dir liéu dau vao 1a toa do
cua cac diém nguon trén mat cau dugc bicu thi voi
don vi d4. Tuy nhién, khi thyc hién tinh toan vi tri
va khoang cach gilta cac diém trén mat cau can s
dung céc ham luong gide nhu sin( ), cos( ) va
acos( )trong Python mic dinh st dung don vi

radian. Do d6, dinh 1y ndy 14 nén tang dé xay dung
cac dinh ly ti€p theo va dé dam bao tinh dung dan
cho céc tinh toan trong bai bo.

Pinh Iy 2: D6 dai cung ngén nhat giira hai diém
P(R;p;0) va A.(R;9.;0,) trén mit cau c6 ban kinh
R duoc xac dinh nhu sau:

d(P, A,)= Rarccos[ cos g cosg, cos(9 -9, )

+singsing,].

Chirng minh:

Xét trén hé truc ta xac dinh duoc toa do cac diém
nhu sau:

P(Rcospcosg; Rcospsing; Rsing);
A, (Rcosg, cosg,; Rcosg, sing,; Rsing,).

Xét mat phang cit mat cau tai dudng tron c6 O
la tam chua P va 4, .

Khi @6 ta duoc:
OP.OA; = ‘O—P‘.‘O—Al.‘.cos(P/OZ).
=R’ cos(P/Oz.) = R*(cos¢ cosg.cos @, cosg, +

+cosgsing.cose, sing, +sin@sing,).

= c0s(PO4,) = cos@p cosg.cos@, cosg, +

+cos@sing.cose, sing, +sin@sing,.



Tap chi Khoa hoc Dai hoc Can Tho

= cos(POA,) = cos ¢ cos ¢, cos(g —g, )+
+singsing,.
= POA, = arccos[ cos ¢ cos @, cos(g —g, )+
+singsing,].

Khi d6 d6 dai cung can tim la:

d(P,4)=R.POA,

= Rarccos(cosg cosg, cos(g —g, )+singsing, ).

Nhu vay, dinh ly da dugc chiing minh.

Pinh Iy 3: Cho 2 ditm X, =X(4.9,),
X, = X(¢,,9,) € S?, khi d6 d¢ dai cung ngan nhat
a =a(X,X,)

thoa man:

sm[ 5 j \/2 2sin¢, sing, cos(@, —6,)-

Chirng minh: dbi sang hé toa do cAu ta co:
Xl = X(¢1 :(91) = (COS¢1 COS@NCOS¢| Sin@l :Sin¢1)§
X, =X (¢2 ’62)
Cit hinh ciu don v theo mit phang (OX X, ) ta
duoc hinh tron 16n nhu hinh 2, ta ¢6:

prry -2

Khi do:

: (“j_"XI_Xz"
sin| — | = —.
2

2
Ta lai co:

%, - X, = |X (.00 - X (@0,
2—2sing, sing, cos(g,

_02)~
Vi vay:

sm[ 5 ) \/2 2sing, sing, cos(g, —g,)-
O

Pinh nghia 1: Diém doi cue ciia mot diém trén
mat cau la diém nam doi xing v6i nd qua tdm cla
mat cau. DPiém dbi cuc cia r((p,@) 1a r(-p.0 + 7).

Dinh Iy 2 va dinh 1y 3 1a nén tang dé xay dung
ham muc tiéu cho bai toan Fermat-Weber. Trong do,
dinh 1y 2 gitip xdc dinh cong thire tinh khoang cach
trac dia (geodesic distance) giira hai diém trén mat

= (cos ¢, cosg,,cos¢, sing,,sing, ).
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cau ban kinh R, dinh 1y 3 giup xac dinh mlen kha thi
va tinh duy nhét ctia cung ngén nhét ndi hai diém
khong dbi cyc trén mat cau, nho d6 gitp ham muyc
tiéu dwoc xéc dinh tot.

Trong trudng hop ton tai diém nguf)n A; co trong
s6 WL <0, ta thay A; bing dlem dbi cuc cua no 1a
A;' v6i trong s6 —w; > 0 va tiép tuc xay dung ham
muc tiéu véi cac trong s6 duong dé giai quyét bai
toan.

Hinh 2. Hinh tron léon

3. THUAT TOAN TOI UU BAY PAN
(PSO)

3.1. Mb ta thuit toan

Trong mé hinh nay, cac ca thé trong by dugc
xem nhu cac hat (particle) di chuyén trong khong
gian tim kiém va moi hat dai dién cho mot giai phap
tiém ning cho bai toan di cho. Kennedy and
Eberhart (1995) goi Pp.s: (Personal best value) va
Gpest (Global best value) 1a hai gia tri co ban. Trong
d6, Ppese 12 vi tri tot nhat ma mdi ca thé tim thay
dugc va Gy, 14 vi tri tt nhat ma toan bo bay dan
thu nhan dugc trong khong gian tim kiém.

Ngoai ra, cac dai lugng chinh trong PSO duogc
dinh nghia va ki hi¢u nhu sau:

Vi tri (Position): Vi tri ciia hat thtr i trong khong
gian tim kiém tai thoi diém ¢, ky hiéu 1a x()
Vién téc (Velocity): Van tdc ctia hat i tai thoi

()

diém ¢ ky hiéu 1a v, , quyét dinh huéng va khoang

cach di chuyén cua hat trong mdi lan lap.
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Kinh nghiém ca nhan (P, best) Vi tri tot nhét
ma mdi hat dat duoc dua trén gia tri ham muc tiéu.

Kinh nghi¢m toan cuc (GX,,): Vi tri t6t nhat
cua ca bay dan dat dugc trong qua trinh tim kiém.
3.2. Ma gia cia thuat toan

Input: Bai toan t6i vu ham muyc tiéu f ()
Budec 1: Khéi tao cic tham sb va quan thé hat

€,Cyk

max ?

C LA K N
Khéi tao cac hang so AR

Khéi tao ngau nhién n vi tri va van tc ban dau
cua cac hat trong khong gian tim kiém.

Chon ngiu nhién cac hang s quan tinh W trén
(0, 1].

Trong d6:

w : Hé s6 quan tinh, gitp kiém soat mirc d6 anh
hudng cua vén toc cil.

¢,c,: Hé $6 hoc hoi thé hién sy quan tam cua
hat dén kinh nghiém cé4 nhan va toan cuc.

1,1, : Cac s6 ngu nhién trong doan [0,1].

Tinh toan gia tri ham muc ti€u tai vi tri clia ting
hat.

Dit gia tri ban dau cho P,
cua hat 7.

lpest 12 vi tri hién tai

Bu6e 2: Vong lip cip nhit quén thé

Cap nhat cac gid tri PfS o, (i = 1, ..., n).

While k < ka0

+ Cdp nhit vin téc va vi tri ciia cd thé:

Van tdc cua mdi hat dugc cap nhat theo cong

thire:

v =wol t e n (P"

ibest

(f) k (f)
)+ cZ r2 (Gbest l )

Cong thirc nay duge xdy dung trén co ché diéu
chinh vi tri va vén toc ctia mdi hat dua trén thong tin
thu duoc tir kinh nghiém ca nhan va kinh nghiém
toan cuc, dé mdi hat di chuyén dan vé cac ving co
gi4 tri muc tiéu tot hon.

Cong thirc van tdc mai vl.(tﬂ) duoc tao thanh tir
tong cua ba thanh phan chinh:

e Thanh phin quan tinh: w. v}
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Thanh phan nay ¢ chuc nang kham pha cac
vung giai phap méi trén ban ao, lam cho cac hat di
chuyen cung hudng va ciing van toc theo hudng va
vén te cii trudce do.

Néuw = 1 thi chuyén dong cua hat hoan toan bi
anh hudng badi chuyén dong trude do. Vi vay, hat co
the tiép tuc di theo cung mot hudng.

Néu 0 < w < 1 thi anh hudng cua chuyen dong
trude d6 bi giam di, nghia la hat s€ chuyen sang cac
viing khac trong khong gian tim kiém.

Khi hé sé quan tinh w cang cao thi cang gitp cac
hat bay xa hon theo hudng cii, bay vao nhitng ving
chua duoc kham pha va it bi anh hudng boi cac giai
phap t6t da biét. Luc dau, thuat toan thuong can w
cao dé kham pha toan bo khong gian. Cang vé sau,
w thudng duoc giam dan dé thuét toan khai thac va
hoi tu vé giai phap tot nhat ma né tim dugc.

e Thanh phin &nh hwoéng ci nhan:
€1 rl(Pikbest - x'(t))

Thanh phan nay gitp cho hat quay lai vi tri trudc
do, tdt hon vi tri hién tai. Néu vi tri hién tai ctia hat

(x(t)) cang xa vi tri t6i wu ma hat di tim duoc

(P best) thi thanh phan ( i best — x(t)) cang 16n,
nghia 1a didu nay lam cho cac hat c6 xu huéng quay
lai vi tri t6t nhét truée d6 cua né, tot hon vi tri hién
tai va dai dién cho xu hudng tu cai thién ca nhan.
Tham sb ¢, 12 hé s6 hoc hoi, danh gia tim quan trong
cua nhiing kinh nghiém trong qua khtr cia chinh hat
d6. Tham s6 ngau nhién r; dong vai tro thiét yéu
trong viéc tranh hoi tu sdém, lam tdng kha nang dat
duoc t1 uu toan cuc.

e Thanh phén
C2: T2 (GIIJ(est - xi(t))

anh hwéng xa hoi:

Thanh ph?m nay dai dién cho sy hoc hoi hay bét
chudc nhimg ca thé thanh cong nhat trong bay dan.
Do chénh 1éch (Gf,q, — x ) hoat dong nhu mot luc
hut cac hat vé diém tot nhat duge tim thay cho dén
vong lap t. Tuong tw, tham sb ¢, 1 hé sb hoc hoi xa
héi va n6 danh gia tam quan trong cua viéc hoc tap
t6i uru toan cuc cta by dan. Tham s6 ngau nhién 7,
cling dong vai trd hoan toan giéng nhu 7;.

Hai thanh phan anh huéng cé nhan va anh huong
xa hoi c6 chire nang tim kiém k§y ludng cac nghiém
téi uu xung quanh mot khu vyc di biét gé“m
(Pt i best VA Gf,s) dé tim ra giai phap tot nhat co thé
trong vung do.



Tap chi Khoa hoc Dai hoc Can Tho

Vi tri cua hat dugc cap nhat bang cach cong van
toc vao vi tri hién tai:

x;Hl) — x,-(t) +vi(t+l).
+ Cép nhit E . @61 v6i mbi ca thé:
k o pk-1
If f(xi ) ( zbesl) then i, best ‘ Ebest >
k k
Else Ptbcst =X
End If

+ Cap nhat vi tri toi wu cia ca bay dan:
Gt]:esl = arg min{f(B,kbest )}

Tiép tuc gan k=K +1

Endwhile

Output: Vi tri t6i wu Gb va gia tri toi wu

7(GLy).

4. UNG DUNG CUA THUAT TOAN TOI
UU BAY DAN CHO BAI TOAN
FERMAT-WEBER TREN MAT CAU

4.1. Mo ta cac tinh toan

est

Thuit toan 1: Pdi toa dd

Input: Déi toa do tir do sang radian

Cho m(:)t danh sach cac toa do cua cac tha‘mh phé
trén ban 516 dudi dang don vi do: toa d0 dau 1a cua
kinh tuyén, toa d9 sau la cua vi tuyén va cac trong
sO tuong Ung.

Vi du: Toa @ cua ,thfl d6 Ha Noi trén ban do
1221,02450° vi d§ Bac va 105,84117° kinh dd
Pong, khi d6 moi thanh pho s€ twong trng mot bd so
(21,0245 B; 105,84117 D; w), trong do w 1a trong

s0 tuwong Gng.

Output: Cho ra lai mét danh sach cac thanh phé
trén thanh pho dudi dang radian.

Ta xu 1i vi tuyén: Néu chir cai cudi cua toa do 1a
T (Tay) thi doi dau, con néu chit cai cudi la D
(Pong) thi gilt nguyén.

Cong thirc doi toa do tir mot diém (@, ) tir do

sang radian:

121

Tdp 62, S6 34 (2026): 115-125

_0%
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Véi ¢,d 1a cac thanh phan toa d6 cua thanh ph
sau khi da ddi sang radian.

Thuit toan 2: Xay dung ham muc tiéu
Input: Cho danh sach toa do cua cac thanh phd

'Cap nhat cac héng sé quan tinh w cua céac thanh
pho nhu trong Bang 1.

Trong nghién ctru nay, Trai Dat dwoc chudn hoa
nhu moét hinh cau ban kinh R . Do d6 theo dinh 1y 3,
khoang cach giita hai diém trén Trai Pat chinh la
khoang cach ngin nhat giita hai diém P(R;¢;9) va
A (R;¢,;9,) trén mat cdu ban kinh R =6371 (ta
chon R bang ban kinh trung binh cua Trai Dat):

d(P, A)=6371.arccos[ cosp cosg, cos(9 -9, )

+singsing, .

-
Trong d6: @,¢, € [ 5 2}Va(9g,e( r,rl.

O day ¢,p, 1a vi d6 va 9.9, 1a kinh d6 cua cac
diém tuong tng.

Output: Ham t5i wu 1a:

SX)= iwid(XﬁAi)'

4.2. CAu hinh may dir li¢u
_Ta xét mgt bai toAn md hinh héa vé viée tim
diém toi wu trén mat cau:

Bai toan: Mot cong ty logistics toan cdu mudn
md rong quy mo hoat dong bang cach xay dyng mot
trung tam di€u phoi van hanh dé t6i uu hoa thoi gian
va chi phi van chuyén hang hoéa tir trung tdm nay dén
cac thanh pho noi cong ty me c6 cac cong ty con truc
thudc.

Bai toan dang xét trén quy mé 30 qudc gia/ ving
lanh th6, mdi qudc gia duoc xac dinh boi 1 bo toa
d6 (kinh do, vi do) va trong sé w; (phan anh mirc do
quan trong cua thanh phé i, duoc xac dinh dua trén
dan sd, s6 don hang, quy mé kinh té ciia thanh phd
d6, trong mé hinh nay trong s chi mang tinh gia
dinh khong phan anh thuc té), duoc thé hién trong
Béang 1.
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Bang 1. Danh sach cac thanh phé
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STT Tén qudc gia __Tén thanh phd Kinh d Vi d9 Trong s6 wi
1 My New York 74,00597 T 40,71427 B 10,0
2 Viét Nam Ha Néi 105,84117 D 21,02450 B 5,8
3 Anh London 0,12574 T 51,50853 B 9,5
4 Phap Paris 2,34880 D 48,85341 B 9,2
5 Nhit Ban Tokyo 139,69171 D 35,68950 B 10,0
6 Trung Quéc Béc Kinh 116,39723 D 39,90750 B 9,8
7 Uc Sydney 151,20732 D 33,86785 N 8,5
8 Nam Phi Cape Town 18,42322 D 33,92584 N 3,5
9 Brazil Rio de Janeiro 43,18223 T 22,90642 N 7,0
10 Nga Moscow 37,61556 D 55,75222 B 8,8
11 An Bo Mumbai 72,89261D 19,07283 B 9,4
12 Canada Toronto 79,39864 T 43,70643 B 8,5
13 Mexico Mexico City 99,12766 T 19,42847 B 9,6
14 Ai Cap Cairo 31,24967 D 30,06263 B 6,7
15 UAE Dubai 55,30927 D 25,07725 B 9,0
16 Argentina Buenos Aires 58,37723 T 34,61315N 7,2
17 buc Berlin 13,41053 D 52,52437 B 8,6
18 Y Rome 12,51133 D 41,89193 B 8,0
19 Thai Lan Bangkok 100,50144 D 13,75398 B 7,8
20 Han Quédc Seoul 126,97840 D 37,56600 B 9,1
21 Nigeria Lagos 3,39467 D 6,45407 B 6,5
22 Kenya Nairobi 36,81667 D 1,28333 N 4,0
23 Indonesia Jakarta 106,84513 D 6,21462 N 7,5
24 Tay Ban Nha Madrid 3,70256 T 40,41650 B 8,4
25 Singapore Singapore 103,85007 D 1,28967 B 9,5
26 Peru Lima 77,02824 T 12,04318 N 5,4
27 Hy Lap Athens 23,72784 D 37,98376 B 7,0
28 Thé Nhi Ky Istanbul 28,94966 D 41,01384 B 8,1
29 Ba Lan Warsaw 21,01178 D 52,22977 B 7,6
30 A Rap Xé Ut Riyadh 46,72185 D 24,68773 B 8,1

Ghi chit: Toa dg cdc thanh phé dwoc trich xudt tir co 6 dit liéu ciia GeoNames (https://www.geonames.org/). Ma nguon
thuc hién qua trinh thu thdp va xu Iy dir liéu co thé dwoc truy cdp tai lién ket sau:
https://colab.research.google.com/drive/l EIlyu-XDmYVxfywHYyye0i 7Uu5J4x9C?usp=sharing

Bai toan dugce xem xét va giai bang thuat toan 4.3. Ket qua chay thuat toan
Ti wu by dan duoc tién hanh trén mot may tinh
ca nhan véi cu hinh nhu sau: H¢ diéu hanh
Windows 11 Home Single Language 64-bit (10,0,
Build 26100), bo xu ly (CPU) Core ™ i5-11320H,
3.20 GHz (8 CPU ludng) — 2.5GHz, b nhé RAM
8GB, 6 cting SSD 512 GB.

Viéc chay thuat toan va vé& ban d6 bang ngon
ngit 1dp trinh Python dugc thyc hién trén moi
truong 1ap trinh Google Colab.

Toan bd ma nguon phuc vu cho viéc giai bai
toan dugc cong bo cong khai tai:

Cape Town, Sputh Africa

https://colab.research.google.com/drive/1--
b1sFWn1DJGj7PEqrzlQaEcU3efpaQn?usp=shari

ng
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Dua trén cac Két qua tinh toan, diéu chinh s
luwong di€ém co sé (di€ém vi tri), sO hat PSO va so
vong lap nham khéo sat thoi gian xt ly cua thuat

Bing 2. Két qua chay thuit toan PSO

Tdp 62, S6 34 (2026): 115-125

todn va céc sai s0, cac két qua cu thé dugc cho duoi
bang sau:

S6 vong Lip S6 hat Thoi gian (gidy) Két qua tdi wu Piém tbi wu (Kinh dd, vi dd)
10 0,02449656 1396071,49 28,2541 D, 46,0562 B
50 30 0,07775974 1396071,93 28,2252 D, 46,0221 B
50 0,12940884 1396071,50 28,2639 D, 46,0624 B
10 0,05893683 1396071,49 28,2607 D, 46,0544 B
100 30 0,20696425 1396071,49 28,2608 D, 46,0543 B
50 0,38108444 1396071.,49 28,2608 D, 46,0544 B
10 0,14371610 1396071,49 28,2607 D, 46,0543 B
300 30 0,44100761 1396071,49 28,2607 D, 46,0543 B
50 1,24601293 1396071,49 28,2607 D, 46,0543 B

Céc thanh phé va diém Fermat-Weber téi uu

& Thanh phé
I *  Diém téiuu

Moscaw
o

"C-)w al Poit o

180° 120°wW 60°W

0 60°E 120°E 180°
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4.4. So sanh thuit toan PSO va thuit toan
Weiszfeld mé rong
O phén nay, mtrc d6 t6i wu ctia thudt toan PSO duoc
so v6i mot thudt toan t6i uu khac da dugc sir dung
dé giai quyét bai toan Fermat-Weber trén mit cdu 1a
thuat toan Weiszfeld mo rong trén mat clu duoc xay
dung bdi Katz and Cooper (1980).

Bang 3. "= 200

Duéi day 1a két qua thu dugc khi so sanh thoi
gian va d¢ chinh xac gilta hai thudt toan PSO va
Weiszfeld khi chay hai thuat toan véi cung bd n
diém nguén duoc sinh ngiu nhién trén bé mat cau,
ddng thoi mdi diém déu dugc gan trong sd ngiu
nhién trén doan [1; 10]:

Thuit toan

£ . PSO Weiszfeld mé rong
Keét qua
Thoi gian ( gidy ) 0,2200 0,1160
Diém t6i uu 165,3463 T, 5,6654 B 165,5550 T, 5,4881 B
Tong khoang cach ti wu 10202803,65 10202442,79
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Bang 4. "= 500
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Thuat toan

£ . PSO Weiszfeld mé rong
Keét qua
Thoi gian (gidy) 0,4868 0.2773
Diém t6i vu 162,1655 D, 5,1038 N 161,4155 D, 4,6684 N
Téng khoang cach tdi uu 27317356,92 27317260,56
Bang 5. 7 =1000
S - Thuat toan PSO Weiszfeld mé rong
Keét qua
Thoi gian (gidy) 1,0539 0,6172
Diém tdi vu 134,4171 D, 14,1236 B 134,4662 D, 14,0449 B
Tdng khoang cach tdi vu 54405129,01 54405126,08

Toan by ma nguén phuc vu cho viéc so
sanh thoi gian chay va d6 chinh xac cta hai thuat
toan  duwgc cong bd  cong  khai  tai:
https://colab.research.google.com/drive/1bevY6ZK
0B5vY_tz4CnEGFEjwjmOoCjjm?usp=sharing

Qua ba quy mé thuc nghiém, ta thay hai thuat
toan nay cho ra két qua t6i uu va diém toi wu mac du
¢6 mirc sai 1éch nhung khong dang ké, mirc sai léch
¢6 thé giam xudng khi ta tang s6 hat va s6 vong lap
cta thudt toan PSO 1én. V& mit thoi gian, ta ¢ thé
thiy thuat toan Weiszfeld c6 toc do xir Iy nhanh hon
thuat toan PSO, ly do 1a & mdi vong lap, thuat toan
Weiszfled chi can tinh toan va cap nhat, nhung thuat
toan PSO thi can danh gia ca mot quan thé, mic du
vy day van 1a mot hudng tiép can méi dbi voi bai
toan nay, hira hen c¢6 thé phat trién va mo rong trong
tuong lai.
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