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In this article, the p-median problem on a plane is discussed with
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Optimization (CSO) are employed to find approximate solutions
for the p-median problem on the plane.
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thong p-median trén d6 thi ddy di va dd thi ludng

1. PHAN MO DAU phan dy du. Pong thoi, cac tac gia dé xuit thuat

Bai toan vi tri tir 1au da tré thanh mdt bai toan
dong vai tro quan trong trong da dang cac linh vuc,
dic biét 1a trong linh vuc tdi wu t6 hop va ing dung
vao cac md hinh kinh té. Chinh vi Ii do d6 ma mo
hinh bai toan vi tri dugc quan tdm nghién ctru bdi
cac nha toan hoc trén khip thé gidi.

Mot s6 nghién ctru gan day ddi vé6i bai toan p-
median co thé ké dén nhu Mauricio and Renato
(2004) da d& xuat mot thuat toan heuristic dé tim cac
giai phap gan tdi uu cho bai toan p-median. Chang
et al. (2016) da nghién ciru bai toan lién thong p-
median trén d6 thi khdi va gidi bai toan nay bang
mot thudt toan thoi gian tuyén tinh. Duy va Hiéu
(2020) da nghién ciru tim 101 giai cho bai toan lién
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toan thoi gian‘tuyél} tinh cho bai toan nay. Kien et
al. (2021) dé xuat mdt thuat toan thoi gian
O(nlogn) cho bai toan lién thong p-median trén
do thi da 16p day du.

Bai bao nay tim nghiém gan dang cho bai toan
t6i ru p-median trén mit phiang bang cac thudt toan
heuristic thuong gip nhu thuét toan Téi wu by dan
(PSO), thuit toan Bay s6i xam (GWO), thuat todn
Téi wu dan doi (BA) va thuat toan Tdi wu bdy méo
(CSO).
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2. BAI TOAN P-MEDIAN TREN MAT
PHANG

2.1. Bai toan Fermat-Weber

Pugc biét dén 1an dau tién vao khoang thé ky 17,
bai toan lac d6 dugc phat biéu boi Pierre de Fermat.
Muc tiéu ciia bai toan 1a tim mot diém méi trén mat
phing sao cho tong khoang cach tir diém d6 dén ba
dinh cua tam giac cho trudc 1a nho nhét. Bai toan
nay sau do da duoc giai bdi Evangelista Torricelli
bang hinh hoc va nghiém cua bai toan nay con dwoc
goi 1a diém Torricelli trong tam giac. V& sau, nha
kinh t& hoc ngudi P, Alfred Weber da tong quat
bai toan 1én thanh truong hop nhidu diém cho trudc
trén mat phéng va mbi diém duogc gén v&i mot trong
s6 nhim muc dich mang lai hiéu qua kinh té. K& tur
do6, bai toan dugc mang tén bai toan Fermat-Weber
trén mit phang, c6 thé phat biéu lai nhu sau: Cho
truéc mét tdp hop chira hiru han mot s6 diém
P(i=12,...,m) trong khong gian Euclide hitu

han chiéu R”. Mdi dinh dugc gin véi mot trong s6
twong tng w,(i =1,2,...,m). Tim diém X d¢ ham
muc tiéu sau ddy dat gi4 tri nho nhét

fX)= 2w X =Rl

Bai béo
1 X =Y |l= (5 = 3) + (x5 — 3, )
X:(xl’xl)aYz(yl’yZ)ERz .

2.2. Bai toan p-median va mot s6 tinh chit

nay su dung

voi

Trong mit phing, cho trudc tap hop gom 7
diém phanbiét P ={B,P,,..., P} v&itap trong s
twong ung W= {w,w,,...,w,}. Bai toan p-
median trén mat phang la di tim mot tdp hop
Xz{Xl,Xz,...,Xp} gdbm p diém phan biét sao

cho ham muc tiéu

f(X):Zn:wimin{d(Xj,E)U:1,...,p}

i=1

dat gia tri nho nhat. Trong d6
d(X.Y)=y(x, = 7)* + (x5, — 3,)? véi
X,Y eR?.

DPau tién, ta xét bai toan p-median voi p =1.
Khi d6, muc tiéu cia bai toan 1a di tim mot diém X
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n
sao cho ham muc tiéu f(X)= Zwid(X,Pi) dat
i=1
gid tri nho nhat. D& thdy ddy chinh 1a bai toan
Fermat-Weber tong quat. Nam 1937, nha toan hoc
ngudi Hungary, Endre Weiszfeld da dé xuat mot
thut toan giai gan ding nghiém cua bai toan
Fermat-Weber tong quat, Beck and Sabach (2015)
trinh bay thut toan néu trén va mot so két qua maoi
c6 lién quan. Bay gio véi p = 2, bai toan p-median
la di tim mot tap hop gom 2 diém X={X1,X2}
cho tiéu

sao ham

£(X)= " wmin{d(X;,P)| j=12} dat gié tri

i=1

muc

nhé nhit. Pé ¥ ring, véi tap hop X ={X1,X2} la

tap hop chira diém téi wu 2-median, ta ludn c6 thé
chia tdp hop cac diém co san thanh

fP<

(P eP:wd(X,,P)<wd(X,.P)}

P> ={P e P:wd(X,,P)>wd(X,,P)}.

P, sao

1

Trong d6 P< 1a tap hop chira céc dinh
cho khoang cach c6 trong sb tir dinh nay dén X ]
khong vugt qui X, va P~ 1a tap hop chira cac dinh
P, sao cho khoang cach c6 trong s6 tir dinh nay dén
X,16nhon X, .

Tir day, ta c6 duge B6 dé2.2.1.

B6 dé 2.2.1 Néu X" ={X,X,} la tap hop
chtra diém t6i wu 2-median thi X, , 1a 1-median cua
tap hop PS va X, 1a I-median cua P~ .

Chirng minh

Gia st X" ={X|,X,} la 2-median, khi d6 ta
xét cac truong hop sau:

1) X, khong 1a 1-median cia PS, X, khong
1a 1-median cia P~ .

Xét X'={X;,X,} véi X, 1a l-median cta
PS va X, la I-median cua P, khi do ta co

D wpd(X,,P)> D wpd(X[,P)

PePS PePS
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D wpd(X,,P)> D wpd(X3,P).

PeP” PeP”

Do d6
fX)=f(X)

=3 vy min{d(X, ), d(Xy P}

i=l1

~ Y wmin{d(X,. P).d(X,. P)}
i=1
= Y w,min{d(X,,P),d(X,,P)}
PePS
+ z wpmin{d(X,,P),d(X,,P)}

PeP”

_Zn:w[ min{d(Xl,P[)ad(XpB)}

i=1

<Y wpd(X[,P)+ Y. wpd(X5,P)

PePS PeP”
_{ Z wpd (X, P)+ Z WPd(Xzap)J
PePS PeP”
= Z wpd (X[, P)— Z wpd (X, P)
PeP= PePs
+ D wpd(X3,P)= D wpd(X,,P)<0.
PeP” PeP”

Nén tir day ta c6 f(X') < f(X7)(vo 1i).

2) Néu X, khong la 1-median cua PS va X,
1a 1-median ciia P~ .

Xét X':{X]',Xzf} véi X, 1a l-median cua

PS va X, 1a 1-median ciia P, khi d6 ta c6

> wpd(X),P)> Y wpd(X[,P)

PePS PePS
Z WPd(X25P)= Z WPd(XéaP)
PeP” PeP”

Do do
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S(X)=f(X)
= Zn:Wi min{d(le,Pi)5d(X2"Pi)}
i=l

_Zw min{d(X,,P),d(X,,P)}

= Z wp min{d(X,,P),d(X,,P)}
PePs
+ > wpmin{d(X,,P),d(X,,P)}

PeP”

_Zn:Wl mll’l{d(Xl,E),d(XZ’[)l)}

i=1

< z WPd(Xl'aP)_'_ Z WPd(Xéap)

PePS PeP”
—( D wpd(X,,P)+ Y de(Xz,P)j
PePS PeP”

= > wpd(X[,P)= > wpd(X,,P)<0.

PePs PePS
nén tir day ta c6 f(X") < f(X") (v ).

3) Néu X, 1a 1-median cua PS va X, khong
la 1-median ciia P~ .

Chtng minh twong ty nhu 2), ta ciing c6 diéu vo
1i.

Nhu vay bo dé duoc chimg minh.

3. MOT SO THUAT TOAN NATURE-

INSPIRED THUONG GAP

3.1. Thuét toan Téi wu biy dan

Kennedy va Eberhart (1995) cong bb mot thuat
toan toi ru mang tén Tdi vu bay dan (Particle Swarm
Optimization - PSO). Thuat toan liy cam hing tur
cach thirc hoat dong trong qua trinh tim kiém thuc
an cta cac quan thé dong vat trong tu nhién, dac biét
1a sy twong tac gilra cac ca thé trong cing mot bay

dan. Qua trinh dién ra thuat toan duoc mo ta nhu
trong Thuat toan 1.

Thuit toan 1: T5i vu bay dan (PSO)
Input: Bai toan t&i wvu ham muc tiéu £(-) .
Buwéc 1: Khoi tao

£ C,Cy,k

. M n,T-
Céc hang so max 71272
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Ngau nhién 7 vi tri va van toc cia cac ca thé
trong bay dan.

Chon ngiu nhién cac hing sb quan tinh W trén
(0;1].

pat k=1,

Budre 2: Vong lap toi uu

Cép nhat céc gid tri F;f‘bm @i=1L...,n).

k < kmax

While
Cap nhat van tc cta cac ca thé.

Cap nhat vi tri méi ciia cac ca thé.

Céap nhat P, ddivéi mdi ca thé
o B SIS f(Bl):
P S (B,
Cap nhat vi tri tdi uu
Giyy = argmin{f (P}, )}}
k=k+1
Endwhile

Output: Vi tri tdi wu G; va gia tri ham ti wu
k

f(Gy).

Céc tham s6 c¢6 thé diéu chinh trong thuét toan
bao gom:

1) S6 lwong ca thé trong bay dan.

2) ¢, :Anh huong cta vi tri tot nhit ma mdi c4
thé tim duoc.

3) ¢: Anh huéng cta vi tri t6t nhét trén ca bay
dan.

4) k. : S6 vong lap t6i da dé chay thuat toan.

5) W: Hé s quan tinh ciia mdi c4 thé.

3.2. Thuit toan By s6i xam

Thuét toan Bay s6i xam (Grey Wolf Optimizer -
GWO) duoc nghién ctru va phat trién boi Mirjalili
et al. (2014). Thuat toan lay y tudng tir viéc hop tac
trong qua trinh sdn tim moi ciia bay s6i trong tu
nhién. Qua trinh dién ra thuat toan dugc mo ta trong
Thuat toan 2.
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Thuit todn 2: Bay s6i xdm (GWO)

Input: Bai toan toi vu ham muyc tiéu £(-).

Khoi tao bay s6i X,(i=1,...,n)

Khoi tao cac hing sé a, 4,C

Sé vong lap toida 7,

Tinh todn gié tri ham muyc tiéu doi v6i mdi ca the
trong bay soi

X, 1avi tri ctia s6i c6 gia tri ham t6t nhat

Xp

la vi tri ctia s6i co6 gia tri ham t6t thar hai
X5 1a vi tri cua s ¢6 gid tri ham tot thi ba

Zmax

While £ <

Cap nhat vi tri ciia céc ca thé soi trong bay dan
theo cong thirc (1)

Cap nhat cac hing s6 a, 4,C

Tinh toan gia tri ham muc tiéu ddi véi mdi cé thé
trong bay soi

Capnhatgiatri X, X, X;.
Endwhile

Output: Vi tri tdi wu X, va gid trj ham t6i uu

D, =|c X, -X| D, =|C,X,-X|
D; =|c, X, - X|
Xl:Xa_D“Al;z=7ﬂ—DﬂZ,
Xy =X5 =D 4
)?(H_l):w €))

Céc tham s6 co thé diéu chinh cta thuét toan nay
bao gom:

1) S lugng s6i trong bay.

2) t_. : Sb lan lap toi da ma thuat toan s& thyc

max °

hién tim kiém.
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3) a: Trong thudt toan, ta cé thiét lap
A=2dr, —a,trong d6 cic thanh phan cia @ giam
tuyén tinh tir 2 vé 0 va 7 1a dai lugng ngau nhién

nhan gia tri trén doan [0,1] )

4)C : Trong thuat toén, ta c6 thiét lap C =2r,
v6i 7, 1adailuong ngau nhién nhan gia tri trén doan
[0,1].

3.3. Thuit toan Téi wu dan doi

Yang (2010) da giéi thi€u mdt thudt toan
heuristic dua trén hoat dong cua dan doi (Bat
Algorithm — BA), ly y tuong tir sy di chuyén va
truyén tin hiéu théng qua song 4m giita cac ca thé
trong mot bﬁy. Thuét toan dugc md ta chi tiét nhu
trong Thuat toan 3.

Thuit toan 3: Ti uu dan doi (BA)

Input: Bai toan toi wu ham muc tiéu £(-) .

Khoi tao quan thé doi x,(i=1,...,n)vavan tbe

5 . A £ A . re x. X.
Khdi tao tan s6 am /i vOi moi 7.
Khoi tao tan so xung 7, va do vang 4, .
So6 vong lap toi da £,

1<t ax

While

Khéi tao ngu nhién céc vi tri méi X, bang cach
diéu chinh tan sb va cap nhat van tdc, vi tri cua cac
ca thé trong bay doi (cong thuc (2) den (4))

If rand >r,

Chon mét giai phap tot nht tir cac giai phap cua
cac ca thé trong bay dat dugc

Tao ra mot giai phap cuc bd xung quanh giai
phap tot nhat duwgce chon

Endif

Tao ra mot giai phap mai bang cach bay ngau
nhién

If rand < A and f(x,) < f(x")

Chap nhan cac giai phap mai

Tine ' va oia A.
ang "I va giam
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Endif

Xép hang cac con doi va tim ra giai phap t6t nhét
hién tai x"

Endwhile

Output: Giai phap toi uvu

= Foin (S = Fouin) B véi B<[0.1] )

t t—1 t *
Vi =V, +(xl.—x )f, 3
-l t
X; = X; + V; (4)
Mot s6 tham sb c6 thé diéu chinh trong thuat toan
To1 wu bay doi bao gom:

1) S6 lwong doi trong bay.
2) A, (Loudness): DB vang, thé hién théng qua

gia tri &m thanh cua doi. Trong thuat toan, thuong
dugc thiét 1ap Ait+1 = OlAil v6i ¢ 1as6 vong lap hién
tai (thuong chon @ =0,9).

3) r; (Rate of pulse emission): Tén suit ma doi
thay ddi vén tdc cua minh, thuong duogc thiét lap

t+1 0 -yt e A - cA .
Bt =r (l—e 7) véi ¢ 1a sO vong lap hién tai

(thuong chon ¥ =0,9).

4) Sb 1an lap t6i da : S6 1an 1ap t6i da ma thuat
toan sé& thuc hién tim kiém.
3.4. Thuit toan Téi wu by méo

Mot nhém cac nha nghién ciru gdm Chu et al.
(2006) da dé xuat mot thudt toan heuristic dwa trén
hanh vi ciia cac ¢4 thé méo trong mot bay méo (Cat
Swarm Optimization - CSO). Céc c4 thé méo danh
phan 16n thoi gian nghi ngoi mdi ngay, tuy nhién
tinh canh giac cua chiing rat nhay bén. Chung luén
canh giac véi moi tiéng dong xung quanh ban than
ké ca khi dang trong trang thai nghi ngoi. Mic du
trong ¢6 vé luoi biéng, nhung cic méo rat thong
minh va hanh dong rat can than. Thuét toan Téi wu
bay méo dugc xdy dung dua trén hai trang thai chinh
cia mot con meéo, bao gém ché d6 Tim kiém
(Seeking mode) va ché do Theo ddi (Tracing mode).

Dé xiy dung hai ché d¢ nay, dau tién ching ta
dinh nghia cac tham s co6 thé diéu chinh dé t5i wu
hiéu sut cua thuét toan:

1) SMP (seeking memory pool): SMP dugc si
dung dé xac dinh kich thudc cia bd nhd tim kiém
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cho moi con méo, dai dién cho cac di€m ma con méo
dang tim kiém. Con méo s& chon mot diém tir b
nhd theo cac quy tac duge mo ta sau.

2) SRD (secking range of the selected
dimension): SRD xé4c dinh 't}”/ 1é bién ’déi cho cac
chiéu duoc chon. Trong ché do tim ki€ém, néu mot
chiéu dugc chon dé bién doi, sy khac biét gitra gia
tri méi va gia tri cli s€ khong vuot qua khoang, dugc
dinh nghia boi SRD.

~3) CDC (counts of dimension to change): CDC
tiét 16 bao nhiéu chicu s€ thay doi. Nhirng yéu to nay
deu dong vai tro quan trong trong ché do tim kiém.

4) MR (mixture ratio): Ty 1¢ méo dugc chon dé
tham gia ché d¢ theo doi trong moi vong lap.

5) SPC (self-position considering): SPC la
mot bién Boolean, quyét dinh liéu diém ma con méo
dang dimg c6 phai 1a mot trong nhirng vi tri kha thi
de di chuyén dén khong. Bat ke gia tri cua SPC la
ding hay sai; gia tri cia SMP s& khong bi anh
hudng.

6) S6 vong lap tdi da.

7) S6 lwong méo trong bay.

Ché d6 Tim kiém duoc thiét 1ap nhu sau:

Buéc 1: Tao j ban sao cua vi tri hién tai cua
meéo thir & (cat, ), trong d6 j =SMP . Néu gia tri
cta SPC l1a dung (True), taddt j =SMP —1,saudo
gilr nguyén vi tri hién tai nhu mét trong nhiing gia
tri kha thi.

Budc 2: Déi v6i mdi ban sao, dua trén gia tri
CDC, ngau nhién cong hodc trir SRD phén trim cua
cac gia tri toi vu hién tai va thay the cho céc gia tri
cil.

Budre 3: Tinh toan gia tri thich nghi (FS) cua tat
ca cac diém kha thi.

Bude 4: Néu tat ca FS khong bang nhau, tinh
toan xac suat lya chon cua moi diém kha thi theo
cong thue

_ |Fs, - Fs,
" FS, —FS,.

max

Néu nguoc lai, ta dat tat ca xac suat lya chon cua
moi diem kha thila 1.

Budrc 5: Ngau nhién chon mét diém dé di chuyén

tir cac diem kha thi va thay thé vi tri cia méo thir £.
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Néu muc tiéu cua bai toan tdi wu 1a nghiém tdi
wu nho nhét thi ta chon FS , = FS, .., nguoc lai thi
ta chon FS, =FS,., .

Bén canh do, ché d6 Theo dai dugc thiét 1ap nhu
sau.:

Buwée 1: Cap nhat van tdc Vi 4 VOI mdi chiéu

khong gian dya trén cong thiic
Vid = Via TG (xbest,d ~Xid )

v6i d =1,...,M (M 1asb chiéu khong gian ddi
v6i bai toan dang xét), ¢, la hang sb va nla hing
s6 nhan gia tri ngiu nhién trén [0,1] )

Buéce 2: Klem tra xem toc d6 c6 nim trong
khoang téc d6 t6i da khong. Trong trudng hop tbe
dd mai vugt qua gidi han, dat nd bang gidi han.

Budre 3: Cap nhat vi tri cia méo thir & theo cong
thirc

Xed =Xkd T Via

Dua trén hai ché d6 nay, qua trinh dién ra thuét
toan T61 vu bay méo dugc mo ta nhu trong Thuat
toadn 4.

Thuét toan 4: T6i vu bay méo (CSO)
Input: Bai toan tdi vu ham muyc tiéu £(-) .
Buwéc 1: Tao ngiu nhién N con méo.

Buwérc 2: Dat ngau nhién cac con méo vao khong
gian tim kiém ¢6 M chiéu va ngiu nhién chon cac
gié tri nam trong khoang toc do toi da dé dat vao toc
dd cua mdi con meo. Sau d6, ngau nhién chon mot
s6 con méo va dit chung vao ché do theo ddi theo
tham s6 MR, con lai dit vao ché do tim kiém.

Buéc 3: Panh gi gia tri thich nghi ctia mdi con
méo bang cach tinh gi4 tri ham muc tiéu @ng voi vi
tri ciia mbi meo va giit lai con méo tot nhét trong bd
nh¢. Cha y rang chi can ghi nhé vi tri cia con méo
tot nhit ( x,,., ) vi n6 dai dién cho giai phap tot nhat
cho dén hién tai.

Bude 4: Di chuyén cic con méo theo céc trang
thai ctia ching. Néu con méo thir k & ché d6 tim
kiém, 4p dung con méo vao qué trinh tim kiém, néu
nguoc lai thi 4p dung no6 vao qua trinh theo doi. Cac
budc qua trinh dugc trinh bay o trén.
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Budée 5: Chon lai mdt sO con meo va dat chung
vao ché do theo doi theo tham s6 MR, sau d6 dat cac
con meéo con lai vao ché do tim kiém.

Buéc 6: Kiém tra diéu kién dirng thuat toan, néu
thoa mén, két thiic chwong trinh, nguoc lai ldp lai tir
Buwéc 3 dén Buoce 5.

Output: Vi tri toi wu x,,., va gia tri ham t6i wu
f(xbest) .

4. TINH TOAN TREN BQ DU LIEU
PUQC TAO NGAU NHIEN

Trong bai bao nay, thuat toan Téi wu bay dan
(PSO), thuat toan Biy s6i xam (GWO), thuat toan
Téi wu dan doi (BA), thuat toan Tdi wu hoa bay méo
(CSO) duge sir dung dé giai gan dung bai toan p-
median trén mit phang. D6i véi cac thuat toan nay,
hai didu kién dimg dugc thiét 1ap dé so sanh truc
quan qua trinh xr 1i cua thuat toan. Diéu kién dimg
thir nhat sir dung sai s6 tuyét d6i cua gia tri ham muc
tidu t6i uu sau mdi vong lap. Cu thé

relative change =| new solution - previous solution|

Bang 1. Két qua chay thuat toan PSO

Tép 60, Sé chuyén dé: Khoa hoc tir nhién (Todn-Ly) (2024): 133-141

trong d6 new solution 14 gi tri ham t6i wu & vong
lap hién tai va previous solution 1a gia tri ham toi
uu & vong lap truéc d6. Thuat toan dung khi
realtive change < 0,001. Dieu kién dung thir hai 1a
s6 lwong vong lap dat t6i giéi han cho trude 1a 200
vong lap.

bé so‘sénh kha nfmg XU ~11' cua cac thuélt_) toan, bo
dir liéu ve toa do diém cd san trén mat phang dugc
tao ngau nhién P.(x,,y,) ~U(0,200)x U (0,200)
,v6ii=1,...,n va U(a,b) 1a ham ngiu nhién phan
phdi déu trén khoang (a,b). Dbi véi trong sb dinh,

khoi tao ngdu nhién w, ~U (0’§j duoc sir dung

v6i 71 1a so lugng diém co sd.

Bing khoi tao nay, chiing t6i c6 ngau nhién 5 bd
diém co so véi s6 lugng diém 50, 100, 200, 500,
1000 va tmg voi mdi b diém, ching toi st dung
cung mot bd dir li¢u va chay ca 4 thuat toan dé ¢o
két qua cu thé nhu trong Bang 1 dén Bang 4.

Piéu kién dirng 200 vong lip

Dicu kién dirng realtive change < 0,001

d?gllllll;?sg& p Thoi gian tinh todn Gia tri ham muc  Thei gian tinh todn  Gia tri ham muc
trung binh(gidy) ti€u trung binh trung binh(gidy) tiéu trung binh

10 0,617 2127,819 0,012 3022,702

50 20 1,169 1435,015 0,022 2510,332
30 1,738 1008,660 0,053 1804,781

40 2,207 855,585 0,053 1732,768

20 2,249 7080,520 0,083 9934,153

100 40 4,323 4417,565 0,044 7188,147
60 6,460 3544,859 0,138 5955,358

80 8,655 2935,293 0,129 4943,300

40 12,816 20598,833 0,378 28624,255

200 80 24,200 14013,577 0,761 20462,685
120 32,248 12153,630 0,918 16966,448

160 34,044 10006,627 0,750 14357,155

100 71,443 91347,246 0,715 121062,471

500 200 105,465 66575,881 2,640 86112,031
300 156,211 54149,908 5,216 68898,717

400 209,578 47252,438 7,722 60469,828

200 230,585 285260,878 2,081 346271,336

1000 400 506,998 204702,232 13,262 241308,653
600 674,958 170182,561 10,090 200424,174

800 919,434 144295,665 13,010 172724,316
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Biang 2. Két qua chay thuat toain GWO

S6 Tuo Piéu kién dirng 200 vong lip Dicu kién dirng realtive change < 0,001
digmu’c.o’nsg& Thoi gian tinh toan Gia tri ham muc  Thdoi gian tinh toan  Gia tri ham muc
trung binh(gidy) ti€u trung binh trung binh(gidy) tiéu trung binh
10 0,666016 3176,706097 6,227 2627,561
50 20 1,365409 2604,834177 11,845 2139,128
30 2,174421 1936,66822 17,559 1549,124
40 3,026601 1770,065053 22,933 1405,076
20 2,632075 12545,02366 22,527 10143,882
100 40 5,896497 8989,045713 44,280 7390,076
60 9,972773 9666,063428 66,988 5948,535
80 14,85384 7842,887207 90,684 5486,721
40 16,53492 37670,31253 185,695 31590,173
200 80 43,52304 40266,06827 261,891 37360,966
120 67,7809 29076,33119 345,107 25164,859
160 86,64301 31488,85302 388,953 29634,522
100 141,9814 227348,3524 838,411 206241,884
500 200 311,6353 191445,156 1252,606 192021,387
300 616,7325 156397,121 2002,329 160128,311
400 1036,037 144168,6205 2934,154 150672,738
200 681,1934 768872,0342 2706,252 805187,715
1000 400 2394,574 598618,1634 6357,754 569069,903
600 4536,707 504189,6011 10500,002 502642,660
800 8303,834 449972,4308 17259,767 475587,378
Biang 3. Két qua chay thuat toan BA
S5 Iro Piéu kién dirng 200 vong lip Piéu ki¢n dirng realtive change < 0,001
digmu’c.“nsg& Thoi gian tinh todn Gia tri ham muc  Thdi gian tinh toan  Gia tri ham muc
trung binh(gidy) tiéu trung binh trung binh(gidy) ti€u trung binh
10 1,475 2568,357 0,466 2802,864
50 20 2,704 2048,183 1,278 2222,661
30 3,922 1499,222 1,037 1615,968
40 5,077 1252,414 0,848 1468,032
20 5,216 8693,561 2,135 9289,357
100 40 9,982 5851,829 2,848 6606,554
60 14,845 5086,598 5,387 5366,386
80 19,593 3943,945 3,848 4444,389
40 31,689 26616,420 11,040 27305,591
200 80 60,683 17442,117 16,844 18971,626
120 78,905 14497,310 12,823 15739,947
160 83,062 12017,680 11,427 13508,337
100 177,173 108386,094 35,618 110908,925
500 200 261,557 75080,794 29,521 81469,775
300 392,035 56096,034 289,717 63754,758
400 525,391 51379,442 160,839 58259,397
200 573,099 310672,946 197,055 336123,270
1000 400 1188,759 200220,815 344,984 226760,361
600 1976,349 178381,611 249,420 190887,008
800 2332,548 147154,788 397,877 161513,002
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Piéu kién dirng 200 vong lip

Piéu kién dirng realtive change < 0,001

S6 lugng
diem co so

Thoi gian tinh toan Gia tri ham muc

Thoi gian tinh toan  Gia tri ham muc

trung binh(gidy) ti€u trung binh trung binh(gidy) tiéu trung binh

10 27,200 3198,334 0,405 3221,694

50 20 52,302 2580,417 0,653 2528,468

30 77,057 1851,412 1,241 1972,890

40 99,908 1733,664 0,997 1712,108

20 100,768 10308,869 1,276 10465,188

100 40 195,996 7194,263 2,823 7294.,443
60 289,153 5806,017 3,734 5915,410

80 382,836 4989,526 3,970 5147218

40 600,307 29944,050 7,392 29546,940

200 80 1126,286 20588,370 11,671 21132,711
120 1372,769 17448,491 19,726 17465,152

160 1553,976 14557,181 16,315 14536,466

100 3333,289 117238,816 37,375 117225,533

500 200 5018,999 86989,472 52,334 85981,182
300 7755,437 69246,051 82,997 69410,678

400 9603,755 61199,911 111,949 61383,185

200 10619,666 345318,585 102,414 348378,638

1000 400 21472,617 242443329 235,457 243648,752
600 31111,272 198407,006 313,125 199612,298

800 43361,626 172625,576 484,167 172553,015

Dua trén céc két qua tinh toan, ta thdy ring cac
thudt toan PSO, GWO, BA, CSO c6 thé dua ra mot
10i giai gin diing dugc trong mot thoi gian hidu qua.
Ta thiy rang, diéu kién dimg 200 vong lap cb dinh
du lam tang thoi gian xur li cta cac thuét toan nhung
bu lai gia tri ham muyc tiéu cho ra t6t hon so véi khi
ding diéu kién dimg realtive change < 0,001.
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