TAP CHI KHOA HQC PAI HOC VAN LANG Nguyén Phuwong Hac va cac tgk

THUC NGHIEM THUAT TOAN TOI UU BA TREN CAC HAM SO THUC
EXPERIMENTAL SWARM ALGORITHM ON OPTIMAL FUNCTIONS

NGUYEN PHUONG HAC®, NGUYEN THU NGUYET MINH®? va TRA VAN PONG®**Y

TOM TAT: Bai viét mé ta Thudt todn t6i wu BA (Bees Algorithm) méi dwa trén nghién ciru hanh vi
16 chirc tim kiém thire an ciia bc”iy ong va thuc nghiém Thudt todan 16i wu BA trén mét tdp hop cac
bai todn toi wu ham s6 thue dé kiém chirng nhitng hiéu qud néi tréi ciia né so véi cdc phirong phdp
trong gidi quyét cdc bai todn toi .

Tir khoa: thudt toan 16i wu BA (Bees Algorithm); thudt gidi toi wu; ham sé toi wu.

ABSTRACT: The BA Optimization Algorithm (Bees Algorithm) is a new optimization algorithm
that today is very interested in because of its outstanding effects compared to other methods in
solving optimal problems. This article presents the method of optimizing bee colonies, the
effectiveness of which is evaluated on real function optimization problems. Experimental results on

real functions result in faster and more accurate results.
Key words: bees Algorithm (BA); optimal algorithm; optimal function.

1. PAT VAN PE

Viéc tim kiém mot giai thuat t6i wu hiéu
qua phuc vu cho cong viéc ldp trinh cac hoat
dong kinh té xa hoi 12 nhu cu cdp thiét nham
rt ngén thoi gian, giam chi phi... va tdi da hoa
loi nhuén. M6t trong nhimg cach tiép can c6
hiéu qua dbi voi bai toan tdi wu d6 1a Thuat
toan toi wu BA (Bees Algorithm - BA). Phuong
phap t6i wu dya trén hanh vi tim kiém thtc an
ctia bay ong l1a mdt phuong phap Meta heuristic
(ky vong) méi. Bai viét tap trung tim hiéu Thuat
toan tdi wu BA va thuc nghiém nhiam muc
dich so sdnh danh gia hiéu qua cua cac thuét
toan do trén mot tdp hop cac bai toan tdi wu
ham sé thue.
2.NQI DUNG

Trong bai viét, chiing toi trinh bay mot s6
thuit toan bay ong co ban nhu BA (Bees
Algorithm), gi6i thiéu téng quan thuat giai t6i
wu hoéa biy dan; gidi thidu thuat giai t6i uu

BABA va bay ong trong tu nhién; trinh bay ma
gia cac thudt toan bay ong va tong két thuat
toan biy ong.
2.1. Tong quan

Céc thuat giai toi uu bay dan bao gom mot
s6 thuat giai nhu: Thuat giai di truyén (Genetic
Algorithm - GA), thuat giai bay kién (Ant Colony
Algorithm - ACO), thuat giai téi wu hoa bay dan
(Particle Swarm Optimization - PSO). Mot dic diém
1a cb ging tim ra cac thay d6i cua 161 giai dang
xét dé t&i wu cho 1an lap tiép theo. Mot sd
phuong phap tim kiém sir dung diéu kién “tham
lam” (greedy criterion) d& quyét dinh 13 c6 nén
gitt lai 10i giai dang xét hay chip nhan mot 10i
giai moi. Bai toan nguoi du lich (TSP) 1a mot
bai toan ¢d dién thudc 16p NP dugc nghién ciru
sau trong linh vuc t6i vu té hop. Thuit toan bay
ong 1a mot phuong phép theo huéng tiép cén
nhu trén. Bén canh cac thudt giai dua trén biy
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dan ké trén, mot thuat giai tdi vu do tac gia Duc
Truong Pham va cong su [5], [6] dé xuat la
Thuat giai toi wu BA (Bees Algorithm), thuat
gidi ndy mo phong dua trén hanh vi tim kiém
thirc an theo dan cuia bay ong.
2.2. Giéi thiéu thuét ton tdi uu BA (Bees Algorithm)

Thuét toan téi wu BA 1a thuat giai toi wu
dya trén tdi wu hoa té hop, dugc tmg dung
trong nhiéu bai toan thudc cac linh vuc khac
nhau: Lap lich 1am viéc cho may san xuét [1],
bai toan nguoi du lich, giai bai toan téi wu hoa
da muc tiéu [2], huan luyén mang noron cho
nhan dang mau [3]... Thuét todn téi wu BA tai
hién lai cac hanh vi tim kiém thac an coa bay
ong trong tu nhién duoc xu Iy & mdi budce lap,
két qua sau khi xtr Iy ciing 1a mot quan thé. Néu
bai toan chi c6 duy nhat mot 101 giai tdi wu, cac
ca thé trong quan thé caa thuat toan téi vu dya
trén bay dan c6 thé hoi tu quanh 15i giai tdi wu.
Néu mot bai toan c6 nhiéu 16i giai toi uu, thuat
toan t6i wu bay dan co thé dugc sir dung dé lay
dugce & quan thé cudi cung [4]. Thuat toan tbi
wu BA st dung két hop tim kiém lan can
(Neighbourhood Search) va tim kiém ngau
nhién (Random Search).

Bees Algorithm = Neighbourhood Search
+ Random Search
2.3. Hanh vi tim kiém thitc in cia bay ong
trong tw nhién

Pau tién, ong do tham duoc ctr di tim céc
bui hoa. Toan ong do thdm bay ngau nhién
trong khéng gian tir bui hoa nay dén bui
hoa khac. Khi tro vé to, ong do thdm nao tim
thay bui hoa nam trén ngudng chat lugng nhat
dinh (dugc do bang cach két hop céc yéu té
nhu: ham lugng duong, khoang cach, hudng...),
ty 16 mat hoa hoic phan hoa s& duoc di dén
“san nhay” dé thuc hién mot diéu nhay ldc lic.
Ong do thdm théng qua diéu nhay lic lic,
truyén cac thdng tin vé& bui hoa cho cac ong
khéc. Céc thong tin bao gom: huéng duge tim
thiy 1a goc giira mat troi va bui hoa; khoang
cach tir to ong dén bui hoa la thoi gian cua
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diéu nhay; chét luong cua bui hoa la tan sb cua
diéu nhay. Cac théng tin trén gilp bay ong xéac
dinh duoc vi tri bui hoa chinh xéac dé thu thap
thae an hiéu qua va nhanh chong.

Mat oo

Hinh 1. Cach xac dinh hudng, khoang cach
va chét luong bui hoa

Khi thu hoach tai bui hoa, biy ong s& gidm
sét va tinh luong thirc an dé quyét dinh trong “diéu
nhay luc lic” ké tiép khi tré vé t6. Néu cac bui hoa
van con nhiéu thirc 4n, ching s& thé hién trong
diéu nhay va s& ctr nhiéu ong hon dén bui hoa nay.
Nhu vdy, tir diéu nhay nay s& quyét dinh c6 nén
hay khong nén cir ong tiép tuc dén do [4], [5].

2.4. M hinh hoa thuat toan t6i wu BA

Thuat toan tdi uu bay ong liy cam hung
tir viéc tim kiém thirc an cua bay ong dé tim va
cai thién cac giai phéap hién tai bang céc giai
phap tét nhat cho nhitng van dé téi wu hda nhat
dinh. M&i diém trong khong gian tim kiém (giai
phéap tiém ning) duoc coi 1a mt ngudn thirc n.
Ong do tham ban dau tim thiic dn ngau nhién
(161 giai ngdu nhién duoc khoi tao ban dau)
va dua trén do thich nghi cac ong nay bado cao
chét lwong cua cac ving duoc tham (danh gia
cac 10i giai). Cac giai phap duoc sip xép theo
d6 thich nghi va ctr cac ong dén nhitng bui hoa
c6 do thich nghi cao nhat, ctr nhitng ong con lai
tim kiém 1an can dé tim céc 10i giai khac (c6
thé s& tot hon). Thuat todn toi wu BA chon céc
giai phap tét nhat dé tdi uu hda ham myc tiéu
(tirc chon céc giai phap tot nhat dé lam giam
chi phi) [6], [7], [8].
2.5. Luu do thuét toan tdi uu BA (Basic Bees_Algorithm)

Tir nhing biéu dién trén, ching toi co cac
budc mi gia cho thudt toan t6i wu BA nhu
hinh 3 [4].
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Khéi tao quén thé (n) ong do thdm

Danhh gia d¢ thich ghi ciia quan thé

Chon (m) ving dé tim kiém lan can

Xé&c dinh kich thude cta ving 1an can (kich thuéce (ngh))

Tuyén ong cho céc ving duoc chon
(Tuyén nhiéu ong dén (e) vung)

Chon viing ¢6 d6 thich nghi cao nhat

Cir (n-m) ong con lai dé tim kiém ngau nhién

Quan thé méi ciia ong do tham

v

Hinh 2. Luu d6 thuat todn toi vu BA

diém ngau nhién trong khodng xa + ngh

7. Néu diéu kién dirng chuea théa, quay lgi 2

1. Tgo ngdu nhién n vj tri (twong 1ng Véi n scout bee)
2. Chon m v; tri (bat ky) trong s6 n Vi tri trén (m < n) dé khao sat
3. Tinh f(x) cho m v; tri ndy, chon ra e v; tri cd gia tri f(x) tot nhat

4. O mai vi tri e e e, tinh f(x) cua nep ving lan cdn. Ving lan cdn mér diém A dwoc xdc dinh 1a 1

5. O'mai vi tri m; e (m — e), tinh f(x) czia nsp vuing lan cdn

6. O mai vi tri n; € (N —m) con lgi, tao ngdu nhién lai va danh gia gid tri f(x)

Hinh 3. Céac buéc mé gia cho thuat toan tdi vu BA

2.6. M6 ta cac bwdrc cia thuat toan

Buée 1: Thuat giai bat dau tao ngau nhién
(n) vi tri - tuong Umg (n) ong do tham trong
khong gian tim kiém;

Buoc 2: Banh gia d9 thich nghi cac vung
dugc thim béi cac ong do tham khi quay vé;

Bu6e 3: Xét didu kién dimg chua thoa thi lam.

Bude 4: Chon ving dé tim kiém lan can.
Cac ong c6 do tuong thich cao nhét s& duoc chon
dé tim kiém lan can (neighbourhood search).

Bude 5, 6: Thuat giai tién hanh tim kiém lan
can cua cac vung duoc chon, phan cong nhiéu
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ong hon dé tim kiém véi (e) vung tot nhat. Cac
ong cé thé duoc chon truc tiép dua trén do
thich nghi két hop voi cac ving ma ching da
tham. Gia tri d6 thich nghi con duogc st dung dé
xé4c dinh do thich nghi x4c suét cac ong duoc
chon. Trong qua trinh tim kiém 1an cn cia cac
ving (e) t6t nhit dai dién cho nhitng 101 giai
htra hen hon. Trong budc nay, kich thude (ngh)
duoc xac dinh sé dugc sir dung dé cap nhat )
ong dén (m) ving di chon & budc trudc do.
Diéu nay rat quan trong vi c6 thé co nhimng 10
giai tot hon 161 giai ban dau trong cac ving lan
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can. Két hop voi viée do tham, viée tuyén thém
ong khac nhau la thao tac chinh cia thuat giai
bay ong. Budc 6, trong mdi khu vuc chi ¢6 1
ong vi do thich nghi cao nhét s& duoc chon dé
tham gia vao quan thé tiép theo. (Luu ¥: Trong
tu nhién khong c6 gidi han, gioi han gidi thi€u
& day dé lam giam s6 ving can do tham);

Buée 7: Cac ong con lai trong quan thé dugc
phan ngiu nhién do thim quanh khong gian tim
kiém, cho ra nhimng 16i giai tiém ning méi. Day
chinh 14 qua trinh tim kiém ngéu nhién;

Qua4 trinh tir budc 2 dén bude 7 lap di lip
lai cho dén khi thoa diéu kién dimg. Tai cudi

mdi bude 1dp, quin thé ong s& c6 2 phan dai dién
cho quéin thé méi 1a cac ca thé tot nhat cho mdi
ving dugc chon va nhiing ong do tham duoc
phan cong dé tién hanh tim kiém ngdu nhién.
Thuat toan t6i uu BA bao gdm cac tham sb sau:
(n): S6 ong do tham (twong tmg véi mdi ving);
(m): S6 ving dugc chon trong n ving duoc thim
do; (e): S6 viing tot nhat trong m ving; (nep): S6
ong duoc ctr dén (e) ving t6t nhat; (nsp): SO ong
duoc ctr dén cac ving con lai; (ngh): Kich thudc
cua bui hoa va lan can cua no.

2.7. Cac ham s kiém tra

Bang 1. Gia tri chuén cua cac ham sb thuc dat min

Ham f1: Rosenbrock’s valley

n—1
Cong thirc

i=1

f@) =) [100(zss1 — 27)* + (1 — z:)7]

Mién xac dinh x;

—2.048 <x;j<2.048,i=1,..,n.

Gia tri tdi vu dat dugc

Global minimum f(x)=0

Argmin

Xi:l( i= 1,...,n.)

Ham f2: Rastrigin’s function

Cong thuc

f(z) = 10n + Z': [r,z — 10 ('()S(Qﬂ'.r,-)]

i=1

Ngudng gia tri x;

-5.12<x;<5.12,i=1,..n.

Gia tri tdi vu dat dugc

Global minimum f(x)=0

Argmin

xi=0,i=1,..,n.

Ham f3: Schwefel’s function

Cong thuc

mn

flx) = Z [—:rf,; HlIl(M):I

=1

Ngudng gia tri xi

=500 <x;<500,i=1,..,n.

Gia tri tdi vu dat duoc

Global minimum f(x)= —418.9829*n

Argmin

xi=420.9687,i=1,...,n.

Ham f4: Sum of different power functions

Cong thuc

0

fla) =™

i=1

Ngudng gia tri x;

-1<xi<1,i=1,..,n.

Gia tri tdi vu dat dugc

Global minimum f(x)=10

Argmin

xi=0,i=1,..,n.
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Ham f5: Griewangk’s function

Cong thue

R 2 " T
)= ——3 a2 — [[eos(-x) + 1
f) 4[10(1;T’ E(OL’(\HH

Ngudng gia tri X;

—600 <xi<600,i=1,..,n.

Gia tri tdi vu dat duoc

Global minimum f(x)=0

Argmin

Xi:0,i:1,.

N

Ham f6 :Ackley’s function

Cong thue f(x)

= —a-exp(—b- $
i=1

n

zi) - exp(; Zcos(m‘i)) +a+exp(l)

i=1

n
1
n

Ngudng gia tri x;

—32.768 <x;j<32.768,i=1,...,n.

Gia tri to1 wu dat duoc

Global minimum f(x)=0

Argmin

xi=0,i=1,...,n.

Ham f7 :Axis parallel hyper-ellipsoid function

Cong thie

J(x) = Z(}Z -xd)
=1

Ngudng gia tri x;

-5.12<x<5.12,i=1,..,n.

Gia tri to1 wu dat duoc

Global minimum f(x)=0

Argmin xi=0,i=1,

N

2.7.1. Mo td thi nghi¢m

Céac ham sb duoc sir dung dé thuc nghiém
thuét toan déu 1a nhitg ham s6 chuan (Benchmark
Function) thuong duoc sir dung dé danh gia
hi€u qua cua cac thudt toan tdi wu. TAt ca céc
ham sb nay duoc tham khao tir tai liéu [9]; Bay
ham sd trén duoc st dung trong chuong trinh
thuc nghiém dé minh hoa cho cac thuat toan:
Trong phan nay, chiing tdi trinh bay chi tiét vé
dang ham cuia cac ham s nay ciing nhu 1a hinh
minh hoa cidc ham do6 trong khong gian hai
chiéu st dung phan mém Maple 15 (64 bit) va
ham Jfree char nhu 1a cong cu dé v& ham. Dé
cai dit cac thuat toan tdi uu BA, chung t6i st
dung ngdn ngir Java, cong cu lap trinh Net
Bean IDE 8.0.2 cac tham s cua cac thudt toan
déu duge chon déng nhét. Cu thé nhu sau:

Scount Bees: Nhap sb ong do tham; Select
Sites: S6 ving do tham cho 1a tét ¢ tiém ning;
Best Sites: S6 viing tét nhat trong Select Sites;
nep: S6 ong ti viing Best Sites; nsp: Cir ong
t6i ving tiém ning con lai; ngh: Kich thudc bui
hoa vai vung Ian can; Iterations (vong 1ap): Chon
s6 lan kiém tra; Dimensions (khoang cach giira
cac con ong): S6 bién (n chiéu cua ham téi uu);
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Bounds: Ban kinh truc toa do xét; Function:
Chon mét ham tbi wu trong 7 ham; Expected:
Thé hién gia tri va diém nhan tir khoang cach
gitra cac con ong; Obtained: Thé hién gia tri ti
wu va gia trj trung binh cho 30 lin chay va thoi
gian trung binh; Solution of: P thi thé hién thoi
gian chay; Process chart: Do thi thé hién foest; S6
lan chay cho mdi cau hinh 1a 30 lan; M&i ham déu
c6 thé chay sb chiéu lan luot 12 5, 10, 15, va 20...
2.7.2. Két qud thuwe nghiém

Bang 2, trinh bay gi4 tri t6i uu trung binh
tim dugc boi cac thuat toan véi 7 bai toan tdi
vu ham & trén. S chiéu thir nghiém cua céac
ham sb tir 5 dén 20. Két qua Bang 2 cho thiy
véi s chiéu cang lon, thuat toan BA cho két
qua tdt, khi s& chiéu nho, gia tri tdi thiéu cua
thudt toan cang nho. Két qua thay ddi sé chidu
khi chay 30 lan voi sé chiéu 1a 5, 10, 15, 20 ta
tinh dwoc gia tri trung binh t6i wu cia timg
thuat toan véi sb sb ong ban dau 1a 200,
nep=12, nsp=10, ngh=1, sb vong lap_la 200 lan
(bang 2).

Két qua trung binh thoi gian cia 30 lan
chay cua thuat toan véi sb chiéu 1a 5 va s ong
1a 200 (bang 3).
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Bang 2. Trinh bay gia tri thoi gian trung binh trong 30 lan chay

Ham | Thuét S6 chiéu
toan 5 10 15 20
f1 2.99677412 38.46743877 116.97518926 266.11783890
f2 5.22712866 38.43441019 81.36179489 141.51599852
3 2010.23830296 3448.17716646 4776.53979358 -5860.45789304
f4 BA 0.00052620 0.00800053 0.02030942 0.04087575
f5 2.25121020 23.30162078 62.05464684 126.19653017
f6 0.59918722 2.19246479 10.13536604 17.18948995
7 0.07952524 1.88550574 8.47736657 22.93607239
Bang 3. Gia tri thoi gian trung binh/sé chiéu
Ham Thuét Két qua trung binh thoi gian/S6 chiéu
toan 5 10 15 20

fl 682.80000000 1484.20000000 2173.56666667 2863.30000000
f2 676.10000000 1333.86666667 1978.30000000 2807.36666667
f3 623.00000000 1250.83333333 1845.23333333 2540.26666667
4 BA 616.73333333 1231.60000000 1821.83333333 2469.56666667
5 671.46666667 1333.26666667 2102.73333333 2682.26666667
f6 689.23333333 1355.66666667 2002.03333333 2695.16666667
7 621.23333333 1236.53333333 1832.30000000 2492.36666667

Nhu véy, khi thay doi sb chiéu trong thut
toan, két qua t8i wu chua chinh xac vi do sai sb
cua ham cang cao.

2.8. Anh hwéng ciia cic tham sé dén hi¢u
qua cua thuit toan

Panh gia anh hudng cta cac tham sé dau
vao 1a s6 ong tham gia 1am anh huéng dén hiéu

qua cua cac thuat toan. Thuc nghiém két qua
khi ta thay dbi s ong tham gia lan luot thay
do6i 1a 15, 50, 200, 500, véi khoang cach giita
cac con ong la 5, s vong lap 1a 200, s lan
kiém tra 12 30 lan.

Bang 4. Gia tri khi thay ddi s6 ong tham gia

Ham Thuét S6 ong tham gia
toén 15 50 200 500
fl 3.21833282 3.16051406 2.99677412 2.73114902
f2 7.12094961 5.51141923 5.22712866 5.24087061
3 1613.33795420 1955.49883181 2010.23830296 -2046.95107835
f4 BA 0.00105527 0.00109006 0.00052620 0.00043791
5 53.43781695 4.62154663 2.25121020 1.64170319
f6 10.99349184 0.64229946 0.59918722 0.57836461
7 0.08082411 0.06848750 0.07952524 0.08545221

Bang thoi gian thuc nghiém két qua, khi thay
ddi s6 ong tham gia lan lugt 1a 15, 50, 200, 500,
voi khoang cach gitra cic con ong 14 5, s6 vong lap
1a 200, sb 14n kiém tra 1a 30 1an (Bang 5). Nhu
vay, khi thyc nghiém thay do6i s6 ong tham gia
trong thuat toan, nhin chung néu thay doi s6
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ong c6 anh huong 16n cho ra két qua téi uu, dic
biét trong trong cac ham thuc nghiém c6 ham
3 (Schwefel’s function) c6 gia tri rat cao 1a do
nguyén thay ham c6 d6 phirc tap (néu do phuc
tap ham cang cao, sai s6 cang 16n).
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Bang 5. Bang thoi gian thuc nghiém két qua khi ta thay ddi sé ong tham gia

Ham Thuit Thoi gian/Sé ong tham gia/khoéng cach giira cac con ong 14 5
toan 15 50 200 500
fl 333.53333333 400.60000000 682.80000000 1277.20000000
2 326.90000000 391.73333333 676.10000000 125453333333
f3 304.50000000 364.23333333 623.00000000 1168.43333333
f4 BA 302.66666667 363.86666667 616.73333333 1284.80000000
5 325.36666667 394.36666667 671.46666667 1254.10000000
6 336.80000000 404.30000000 689.23333333 1296.80000000
f7 344.33333333 363.50000000 621.23333333 1162.70000000

Nhu véy, khi thyc nghiém thay ddi sé ong
tham gia trong thuat toan, nhin chung néu thay
db6i s6 ong c6 anh hudng 16n cho ra két qua tbi
uu, ddc biét trong trong cac ham thuc nghiém
c6 ham 3 (Schwefel’s function) c6 gia tri rat
cao 1a do nguyén thay ham cé do phic tap (néu
d6 phirc tap ham cang cao, sai s6 cang 16n).

2.9. Thure hién so sanh khi thay ddi s6 vong lap

Thé hién két qua ctia cc gi trj t6i wu khi thay
d6i s6 vong lap, tirc s6 lan tim kiém gid trj t6i wu.
Thuc nghiém két qua khi ta thay doi sb vong lap
thay doi 1a 10, 50, 100, 200, véi khoang cach giita
céc con ong 14 5, s6 ong tham gia cho mdi thuat toan
12200, s5 1an kiém tra 14 30 1an (Bang 6).

Bang 6. Két qua cua céac gia tri tdi wu khi thay d6i s6 vong lap

Ham Thuit S6 vong lap
toan 10 50 100 200
fl 7.98324140 4.67756891 3.89824140 2.99677412
2 14.46507858 7.22689541 6.75261599 5.22712866
3 1450.72960393 1802.90515032 1985.06181821 -2010.23830296
4 BA 0.00527734 0.00213983 0.00128173 0.00052620
5 7.95126188 4.57024349 2.97885588 2.25121020
6 8.62115433 1.18653679 0.79658143 0.59918722
7 0.31664979 0.12134767 0.09322070 0.07952524

Bang 7. Thoi gian thuc nghiém két qua khi ta thay ddi s6 vong 1ap

Ham Thuat Thoi gian/S6 vong lip
toan 10 50 100 200
f1 35.90000000 180.66666667 348.13333333 682.80000000
2 34.20000000 186.80000000 341.26666667 676.10000000
3 31.90000000 176.93333333 320.96666667 623.00000000
4 BA 33.00000000 157.70000000 315.66666667 616.73333333
5 34.26666667 177.43333333 339.50000000 671.46666667
0 35.80000000 178.76666667 350.43333333 689.23333333
7 33.73333333 162.86666667 319.40000000 621.23333333

Thoi gian thyc nghiém cho két qua khi
thay dbi s6 vong lip thay ddi 1a 10, 50, 100,
200, v6i khoang cach giira cac con ong 1a 5, s6
ong tham gia cho mdi thuét toan 1a 200, s6 lan
kiém tra 13 30 lan (Bang 7).
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Nhu vy, voi su thay doi vé sé vong lap,
két qua thé hién nhu bang thong ké, tuy thoi
gian xur 1y 14u, néu thay d6i sé vong lap, tirc
s6 1an tim kiém thtrc dn cia mdi con ong s&
k¥ hon.
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3. KET LUAN phan cum voi cac kiéu dir liéu khac nhau.

Bai viét d4 tim hiéu tong quan vé t6i wu  Nghién ciru, cai thién kha nang tim kiém lan
hoa néi chung va ti wu t6 hop trong d6 c6 cac  can trong thuat toan téi wu BA. Xay dung céc
k¥ thuat toi uu ham s6 thyc. Tim hiéu ly thuyét  mé hinh thuat giai két hop giita thuat toan tbi
ciing nhu md hinh hoéa, phan tich va danh gia  wu BA va céc thuat giai khac nhu PSO, ACO,
nhimg wu nhuoc diém cua thuat todn t6i vu BA K- mean, Tabu Search... Xay dung céc ung
cho véan dé t6i wu t6 hop. M rong va cai thién  dung thuc té cho van d& phan cum dit liéu.
thuat toan téi wu BA dé giai quyét bai toan
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