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TOM TAT
Bai béo giéi thiéu mot ki thudt tdi wu méi trong bai toan thiét ké két cAu dan thép. K§ thuat téi wu nay

TU KHOA

Téi vu két chu

Ti ttu dan thép

Thuat todn théng minh

duya trén sy két hop gitta mot thuét toan tdi wu hidu qua duge phat trién gin dy c6 tén 13 thuat toan biy
N s6i xam (Grey Wolf Optimizer) va qud trinh cip nhat mé hinh két cAdu mét céch lién tuc (model updating)
Thudt todn bay s6i @ t6i wu ham muc tiéu. Qué trinh nay sé dugc thye hién I1ap lai mot cach lién tuc cho dén khi ham muc
tiéu dat dugc gia tri hoi tu. pé chiéng minh dugce tinh hiéu qua cua thuit toan gigi thiéu trong bai bao
ndy, bdn ham benchmark trong CEC2005 duge st dung nhu mét vi du diu tién dé danh gia kha ning tim
kiém gia tri tbi vu toan cuc ctia thuat todn GWO. Sau d6 mét két ciu dan thép bao gdm 25 thanh dan vé&i
10 nit duge bd tri trong khong gian 3 chidu duge st dung dé 4p dung cho bai toan thiét ké téi wu. Ham
muc tiéu ctia bai toan t6i wu duge thiét 1ap dua trén viéc khéng ché tng suit trong mdi thanh dan va

chuyén vi cho phép tai mdi niit dan khéng dwgc viegt qua cac gi tri gidi han.

ABSTRACT

The paper introduces a new technique for the structural optimization of steel truss structures. This new

KEYWORDS

Structural optimization

Truss structures optimization technique was based on the combination of an effective optimization algorithm named Grey Wolf

Optimization algorithm Optimizer (GWO) and the process of model updating to minimize the objective function. This process

Grey Wolf Optimizer would be repeated continuously until the objective function reaches the convergence value. To prove the
effectiveness of the optimization algorithm introduced, five benchmark functions were employed as the
first example to evaluate the ability to find the global optimal. Then, a steel truss structure including 25
bar truss and 10 nodes were used to verify the proposed method. The objective function for the
optimization problem was established based on the conditions of stress in each truss bar and the

displacement at each node, which were not exceeded the limitation values.

1. Pic diém chung ctia thuit toan théng minh gia tri t&i wu toan cuc dugc tim thiy & vong lip tride. Qué trinh

kham pha trong m&i thuit toin nhim dam bao kha ning tranh duoc
Viéc st dung thuat ton théng minh trong vidc giai quyét cdc céc kha ning bi méc ket tai cic gid tri t6i wu cuc bd. Qud trinh nay
bai todn lién quan dén bai toan thiét ké, trong d6 c6 bai toan vé téi wu thong thuong sé c6 khoang khong gian tim kiém rong va sé tap trung
tién dién va khéi lvgng ctia két cAu ngay cang tré nén phé bién. Pa c6 ~ vao nhing ving tim kiém méi ¢6 khoang céch xa hon so véi ving 6

nhiéu thuét toan théng minh duwgc dé xuét trong sudt hon mot thap ky
qua. Mot sb thuét toan dién hinh c6 thé k& dén nhu PSO [1], ACO [2],
ABC [3], WSO [4], (BA) [5], WOA [6], (CS) [7],...Nhidu thudt toan
trong d6 14y cam hting tit trf thong minh bdy dan trong tu nhién, mé
phong ching duwdi dang 1y thuyét ngdu nhién dé thiét 14p nén qua
trinh di chuyén ctia m8i c4 thé trong biy dan. Viéc hoan thién vi tri
ctia cdc c4 thé nay duoc thyc hién théng qua qué trinh 13p di lip lai
dén khi dat dugc gia tri hoi tu. Qua trinh ty hoc nay théng thudng
duoc chia 1am hai nhiém vu chinh ctia mdi c4 thé trong béy dan 1a
qua trinh khai thdc (exploitation) va qud trinh khdm phé
(exploitation). Sy can bing gitta hai dic diém nay déng vai trd quan
trong cho sy thanh coéng cta thuét toan. Qué trinh khai théc chinh 1a

qué trinh tim kiém cac giai phap tiém ning & xung quanh vi trf cia

*Lién hé tac gia: nguyenhuukysgic@gmail.com
Nhén ngay 05/10/2021, stta xong ngiy 04,/12/2021, chdp nhin ding 01,/04/2022
Link DOI: https://doi.org/10.54772/jomc.02.2022.264

gia tri t6i wu toan cuc. Quéa trinh 4p dung cic thuit toin tim kiém
théng minh dé t6i wu héa két cAu da chiing minh dwgc tinh hiéu qua
va muc d6 tin cdy théng qua céc nghién citu di duge 6ng bd [8-12].
Viéc tim mét thudt toan théng minh phit hop va hiéu qua dé giai
quyét bai toan téi wu két ciu di va dang tiép tuc dugc nghién citu khi
trong vong mot thap ky qua. Ngay cang c6 nhiéu thuit toan méi duge
d8 xudt m&i dé giai quyét cac bai toan thuc té trong d6 c6 cac bai toan
vé két cAu. Trong nhitng thuit toan dugc dé xudt méi, thuit toan bay
s6i xdm (GWO) dugce dénh gia 1a mang tinh hiéu qua va dat dugc do
én dinh cao, thuit to4n nay da va dang dugc sit dung nhidu dé giai

quyét cac bai toan téi wu & nhiéu nganh va nhidu linh vigc khac nhau.
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2. Thuit toan biy s6i xam (Grey wolf optimizer)

Thuit toan biy séi xdm ldy cam hing tit viéc phan cip xa hoi
trong mdi dan s6i xam. Theo d6 trong biy s6i xam théng thudng dugc
phan cip thanh bén nhém dugce goi tén theo thit tu 1An luot tif cao
nhét dén thép nhét 13; anpha (a), Béta (B), delta (§) va omega (w)
nhu thé hién & Hinh 1. M&i vi trf trong by s6i xdm dam bao mot
nhiém vu khac nhau dam bao cho sy phat trién va ton tai ctia by s6i.
Trong d6 anpha («) déng vai trd nhu nhitng nhém ca thé ding diu
trong biy s6i, chiing ¢6 nhiém vu dwa ra nhitng quyét dinh vé chién
lvge sin mdi, tim chd & va phén chia thitc an. Nhém vi tri thi hai la
Béta (B), chiing c6 nhiém vu hd trg cho nhém anpha (a) dua ra cic
quyét dinh. Nhitng nhém Béta (f)ndy c6 kha ning tr¢ thanh nhém
anpha (a) trong treong hgp cic con trong nhém anpha (a) roi di
hoic chét di. Nhém cudi ciing trong phan cip xa hoi ctia biy sé6i 1a
nhém omega (), nhém nay & ting thip nhit va phai ludn luén tuin
thti cdc ménh 1énh. Ching c6 nhiém vu duy tri s6 lwgng ctia biy dan.
Nhém con lai néu khong thude vao nhitng nhém di dé& cip bén trén

thi sé thudc vao nhém delta (§).

A
AR
AR
A

Hinh 1. Sv Phan cip clia by s6i trong tu’ nhién.

Su phéin cAp xa hoi ctia biy s6i xam va chién luge sin mdi ciia
bly s6i dige mé phong lai duéi dang toan hoc dé thiét 14p cac hiéng
di chuyén ctia m&i con s6i xdm trong bdy. Qud trinh di chuyén nay
phai dam bao c6 sy hoan thién théng qua mdi 14n 13p lai, hay néi cach
khéc, xéc sudt ctia 1dn di chuyén sau phai tim dugc vi tri tét hon so
vé6i 1an di chuyén trude. Trong thuat todn GWO, vi tri tdi wu nhét sau
mbi 14n l3p duge xem nhu 13 gia tri anpha (a)va cac con séi trong dan
sé ¢6 hai xu huéng di chuyén dé tin coéng con mdi (kha ning
exploitation) @8 hoan thién dd chinh xac hodic rdi xa con mdi (kha
nang exploitation) dé thoat duoc cac diém tdi wu cuc bd (local
optimal). Qua trinh nay dugc mod ta dudi dang cac cong thic todn hoc

nhu sau:
A 2 p 2 A. Py 2 N ,e
2.1. M6 td todn hoc cta su’ bao vdy con moi ctia dan soi

Chién Iwgc bao viy con mdi ctia bdy séi dwgc mod ta bdi hai
phuong trinh Eq. (1) va Eq. (2) ¢6 dang nhu sau:

D =|CX,t) - X(®)| @
Xt+1)=X,(t)-4AD @)

Trong d6 (t) duge xac dinh 12 s6 vong 1ip thi ¢, A va C 12 hai
véc to hé s sé nhan gia tri ngau nhién trong toan bd qua trinh leflp.XT)
13 vi trf ctia con mdi, va X(¢) 12 vi tri hién tai cia mdi con s6i x4m
trong dan tai vong lap thi¢ tt".

Hai véc to A va C sé 1a nhitng véc to dam bao yéu té ngiu
nhién trong thuét toAn GWO va dugc tinh todn theo cac cong thic Eq.
(3) va Eq.(4) sau

A=2d.7—d 3
=27 )

Trong d6 dla mot dai lwgng v hwdng sé ¢6 gia tri giam tir 2 vé
0 trong sudt qua trinh 1ip va 77, 7512 hai vector ngiu nhién ma mébi gia
tri cia n6 nhén gia tri trong khoang [0, 1]. C6 thé thdy dugc nho cic
phuong trinh Eq. (1) dén Eq.(4), vi tri ctia mdi con s6i trong hé toa do
(X,Y) ¢6 thé dat duge cac vi tri khac nhau xung quanh con mdi nhu
trong Hinh 2.

X (i), ¥ (1))

@ Cr+1), ¥+ Vi tri moi tai vong Bp (t+1)

e (¥ )+ Vi i ciia gif ] 1i 1 im duroc tai véng p (1)

Hinh 2. Qu4 trinh cAp nhét vi trf gitta vong 1ap th " va vong l&p thit
(t+1)" trong khéng gian 2 chiéu.

2.2. M td todn hoc ctia chién lgc sdn moi ctia bdy séi xdm

Sau khi bao viy con mdi, dan s6i xdm sé tién hanh chién lugc
sin mdi ctia minh, chién lwgc nay sé duge din dit béi ba nhém 13;
anpha (), Béta (B) va delta (§) dugc biét @én nhv 14 ba gia tri tot
nhét ctia ham muc tiéu tai méi vong lip . Nhitng vi tri nay dugc xem
12 nhitng vi tri tiém ning, theo d6 tai mdi vong lap t™, nhitng vi tri
nay sé dugc luwu lai va sé déong mot vai tro nhu mét sw dinh hudng
cho 14n cép nhat vi trf tai bude lip thet (¢t +1)™. Nhitng su dinh
huéng ctia ba nhém nay dwgce miéu ta nhu cic phuong trinh Eq. (5),
Eq. (6), Eq. (7) va qua trinh cdp nhat vi trf ctia mdi con s6i dwge minh
hoa nhu ¢ Hinh 3.

D, =[CX.(0-X()|, D, =[C: X)X (0|, D, =[C:Xs)-F0| (5
X =X,-4(D,). X=X, -4,(D,) X.=X;-4(D;)  ©
)?(t+1) :)_()1 +)_()2 +)?3 )

3
Sy can bing giita kha ning khai thac va kha ning khdm phé

ctia thuat todn GWO dugc dam bao nh& sy phan bd cua gia tri A=
2d.7, — dduge cho trong cong thic Eq. (3) va dugce thé hién ¢ Hinh 4.
Theo d6 c¢6 thé nhan thiy ring gi tri cia A 6 thé nhén gia tri duong
hoic gia tri &m. Néu A nhén gi4 tri dwong, diéu kién khai thac céc vi
tri xung quanh gié tri t5i vu cuc bo duge dam bao va nguoc lai, néu A
nhén gié tri 4m, khéng gian tim kiém sé dugc m& rong tai cac vi tri xa

v6i cac vi trf ctia téi wu toan cuc duge tim thiy & vong lap triede né.
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X

Hinh 3. Qu4 trinh cAp nhat vi trf gitta vong lap thit ¢ va vong l&p thi
(t+ 1)* trong thuat todn GWO.

The distribution of A
(=)

2 w : : :
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Iteration

Hinh 4. Sy phan bd ctia gid tri ctia A theo s6 vong lip tuong ing.
3. Vidusb

Pé danh gia do tin ciy va tinh hiéu qua ctia thut todn GWO
bén ham sé dwoc dit tén 1a CF1, CF2, CF3, CF4 trong cac ham sb cua
CEC 2005 [13] dwoc lya chon dé khao sat kha ning tim kiém gia tri
t6i wu toan cuc ciing nhu kha ning thoat khoi gia tri téi wu cuc bd ctia
thuat toan GWO. Cac Ham sb dugc sip xép tit don gian dén phc tap
va dugc cho & trong Bang 1, cic dd thi twong ting trong khong gian 2
chiéu dvgc minh hoa ¢ Hinh 5. Dic diém cta nhitng ham s nay 13 ¢6
muc do phtic tap cao va c6 nhidu diém t6i wu cuc bo nhv thé hién &
ham CF3, Hinh 5. Khong gian tim kiém dwoc lywa chon D = 10, Cac
théng sb ban diu cta thui toan GWO duge thiét 1ap nhu sau:

e  Sblwong cac con s6i xam trong dan: N = 30

e S vong lap thuc hién: T = 2000;

e  Thuit todn GWO sé& duoc thuc thi véi 30 1an doc 1ap véi
nhau dé thu dugce cac gid tri dic trung 1 gia tri nho nhat
(best value), gi tri 16n nhit (worst value) gid tri gid tri
trung binh (mean value). Cac gid tri dugc cho &

Dva vao két qua théng ké & Bang 2 c6 thé nhan thiy ring cic
gia tri t6i wu toAn cuc ctia cic ham sb déu c6 thé dugc tim thiy boi
thu4t toon GWO. Dwa vao chién lige di chuyén phit hop, véi nhitng
buée di chuyén du ngén gitta hai 1in Lip, thudt toan mitc do chinh xac
ctia thuat todn GWO dugce danh gia 13 hoan thién va c6 thé vigt qua
dugc nhiing vAn dé v& tbi wu cuc bd.

Bang 1. B6n ham s6 CF1, CF2, CF3, CF4 trong cic ham CEC2005.

Ham s Miéu ta S6 bién | Khong gian | Gi4 tri tdi
cua tim kiém wu toan
ham sb cuc

Unimodal functions

CF1 Shifted Sphere 10 |[-100, 100]| .450
Function

CF2 Shifted Schwefel’s 10 |[—100, 100] -450
Problem 1.2

CF3 Shifted Schwefel’s 10 [-100, 100] -450
Problem 1.2 with
Noise in Fitness

CF4 Schwefel’s Problem 10 |[-100, 100]|  .310
2.6 with Global
Optimum on Bounds

-100

- 100
200 200

0

Hinh 5. D) thi ctia cac ham sb CF1, CF2, CF3, CF4 trong khong

gian 2 chiéu.
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Bang 2. Két qua cac gid tri nhé nhét, 16n nhét va trung binh ctia bén
ham CEC2005 sau 30 14n chay déc 1ap st dung thuat todn GWO.

Ham sb
Gia tri
CF1 CF2 CF3 CF4
Best -450,000 -449,950 -449,841 -309,671
Worst -335,470 2525,290 3921,182 154,361
Mean -431,910 -225,840 479,632 -162,675

4. St dung thuat toan gwo dé t6i wu két ciu dan

Thuét todn GWO da ching minh dugc tinh hiéu qua va mitc do
tin cay théng qua vi du & muc trvde. Trong phin niy, mot két cAu dan
thép duoc sit dung dé t6i wu tiét dién va khéi lugng bing GWO. Két
cAu bao gém 25 thanh dan dugce b tri theo dang khéng gian 3 chidu
v6i tbng cong 25 thanh va 10 nit.

4.1. Thiét ldp ham muc tiéu cho bai todn tbi wu két cdu dan

Muc tiéu ctia bai toan téi wu két cAu dan thong thuong 13 tap
trung vao viéc t6i wu khéi lwvgng va tiét dién céc thanh dan véi didu
kién dam bao dwoc cic yéu ciu v@ @¢ng sudt va chuyén vi cho phép.
Khi kich thuée hinh hoc cta thanh dan 13 ¢6 dinh, bai toan tbi wu
khéi lwong c6 thé duoc biét dusi dang sau:

Tim gi4 tri nho nhét cta téng khéi luong:

Nm
w = Z Ye LA,
e=1

Thoa mén céc didu kién sau:
ol <o,<a?
ft<és,<6Y
AL <A, <AY

(8

Trong dé:

w: 13 khéi lvong cta hé két cAu thanh dan véi sb lwong thanh dan
trong két ciu 1a N,,thanh.

Y.: La trong lugng riéng cua vat liéu thanh thi e

L,: La chiéu dai ctia thanh tht e

A,: La tiét dién cta thanh thif e

Céc thanh dan thiét ké c6 ng sudt trong thanh va chuyén vi
twong (ng tai ndt twong Gng lao,, 5, phai thoa man cac didu kién bén
twong ng oV va &Y.

Céac 1y hiéu phu “U” va “L” trong Eq. (8) twong tng 1 cac didu
kién bién va can duéi clia cac thanh phin Gng suit hoic chuyén vi.

Pé @am bao giéi han clia didu kién bén va didu kién chuyén vi,
ky thudt ham phat (penalty method) duge s dung. Theo d6 sé cé hai
ham phat dwgc st dung trong bai toan tbi wu, ham phat thi nhit 1a
ham phat vé Gng sut duoc ky hiéu la ¢¢ cua thanh thi¢ “e”. Ham phat
th hai 12 ham phat v& chuyén vi tai m&i nit th “c” duge ki hiéu 1a
$¢(y,2) o

Theo d6 ham phat @ing suat doi v4i cac thanh dan dugc miéu ta

dwa bao cac diéu kién & céc cong thic sau:
If el <o® <Y, ¢S = 9

o€ — ght

e L e U e —
If 6 <o"orc®>a" ¢s= P

Téng gia tri ham phat theo diéu kién tng sudt cho vong lip thit
th duwgce tinh toan theo cong thic sau:

Bo()= ) 5 (10)

Ham phat theo diéu kién chuyén vi tai nat duge thiét lap dva
trén gié tri chuyén vi theo 3 phwong x, y va z trong hé toa do tong thé
theo céc diéu kién sau:

If 8% < 8.(x,y,2) <8Y, 8.(x,y,2) =0

8.(x,y,2z) — 68U
If 6.(x,y,2) < 8% or 8,(x,,2) > &Y, Sy 2) =677

SLU

8,00y, 2) = an

Téng gia tri ham phat theo diéu kién chuyén vi cho vong lap
thtt " dugc tinh to4n theo cong thitc sau:

B5(6) = Y [$50) + B5() + $5(2)] (12)

Trong d6 N,1a téng s nit trong két cAu thanh dan.
Nhu vdy tdng ham phat ctia hé két ciu thanh dan & vong lip
thit ! dugc tinh todn nhu sau

£

Nom Ne
PO = ) #5+ ) (950 + 6500 + 95 ()] (3)

Trong d6 & 1a trong s6 ham phat c6 gia tri lon hon 1 va luén
luén 1a sb duong.

Dya vao cic phuong trinh tit Eq. (8) dén Eq. (13). Ham muc
tiéu cta bai toan thiét ké dan tai vong Lip thit " dwoc thiét 1ap theo
cong thic sau:

F@O) =vy®.w®) a4

Trong d6 w(t) la téng khéi lwgng céac thanh dan tai vong lap

thtt " dwogc tinh to4n theo cong thitc Eq. (8).

4.2. Téi vu két cdu hé thanh dan 25 thanh

Vi du dAu tién 1a t6i vu tiét dién ctia mot hé két ciu dan thép ¢
kich thuwéc hinh hoc nhu Hinh 6. Hé két cAu bao gdm 10 niit v&i toa
d6 mdi nit dwgce cho trong

Bang 3. Hai triong hop tai trong v&i cc diém dit lyc trén cac
nit khac nhau duwgc miéu ta chi tiét nhu trong

Bang 4. Hé két cAu duoc chia thanh 8 nhém véi dic diém 12 tiét
dién & mdi nhém 13 bing nhau, sé thanh & mdi nhém va @ng suit cho
phép twong ting dugc miéu ta trong

Bang 5. Gi4 tri chuyén vi cho phép tai mdi niit trong hé thanh
dan khong duoc vigt qua +0.35 in theo mdi phuong (X,Y,Z).

Hinh 6. Hinh dang két cAu hé dan 25 thanh.
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Bang 3. Toa d6 mdi niit trong hé toa do téng thé.

Node X (in) Y (in) Z (in)
1 -37,5 0,0 200,0
2 37,5 0,0 200,0
3 -37,5 37,5 100,0
4 37,5 37,5 100
5 37,5 -37,5 100
6 -37,5 -37,5 100
7 -100 100 0,0
8 100 100 0,0
9 100 -100 0,0
10 -100 -100 0,0

Bang 4. Hai trvd'ng hop tai trong tic dung va tén nit tic dung twong Gng.

Case Node P, (kips) P, (kips) P, (kips)

1 1,0 10,0 -5,0

1 2 0,0 10,0 -5,0
3 0,5 0,0 0,0
6 0,5 0,0 0,0
1 0,0 20,0 -5,0

2
2 0,0 -20,1 -5,0

Bang 5. Phén b s6 thanh trong m&i nhém va Gng suit cho phép

trong moi nhém.

Nhém sé tlianh trong Gi4 tri ing sudt Gi4 tri Gng suét
moi nhém nén cho phép (ksi) | kéo cho phép (ksi)
1 1 35,092 35,0
2 2;3;4;5 11,590 35,0
3 6;7;8;9 17,305 35,0
4 10;11 35,092 35,0
5 12;13 35,092 35,0
6 14;15;16;17 6,759 35,0
7 18;19;20;21 6,959 35,0
8 22;23;24;25 11,082 35,0

Hé két cAu dugc mé hinh bing phin mém MATLAB véi viée
st dung phan t dang thanh (chi chiu nén va kéo). Theo dé, trong
qué trinh thuye thi thudt todn GWO, tit ca cic ng suit trong 25
thanh dan va chuyén vi tai mdi niit s& dugc tinh toan bing phuwong
phap phin t hitu han. Nhitng két qua nay sau dé duoc chuyén dén
thuét toan GWO d tinh to4an ham muc tiéu. Qua trinh sé& dugc thite
hién mét céach lién tuc cho dén khi tim dwoc gia tri hoi tu. Didu kién

ban diu ctia thuit todn GWO duoc thiét 14p v6i sb luwong cac con séi

xam trong dan 1a N = 30, Tong sb vong lap thyc hién 13 T = 2000.
Két qua ctia ham muc tiéu twong ting v&i sb vong lip dugc miéu ta
& Hinh 7. Két qua tiét dién tdi wu va khéi luong dat duge sau T =
2000 sé& dugc so sanh véi cac két qua dat duge tit cdc thudt todn
khac nht GA [14] va CMLPSA [15]. Cac két qua so sanh dvgc trinh
bay trong Bang 6. Cin cif vao két qua so sanh c6 thé nhan thay ring,
thuat todn GWO cho két qua tét nhét so vGi cac thuit toan con lai
khi khéi Iwvgng tim dugc bi thuat todn GWO 1a w = 545.7549 (Ib)
chi v&i 2000 vong lap.

[e ]
o
o

~

a1

o
L

~
o
o

[

o

o
L

The value of the objective function
w [}
[ (S
o o

a
o
o

500 1000 1500 2000
Iteration = 2000
Hinh 7. Lich s& hoi tu ctia ham muc tiéu.

o

Bang 6. Két qua tiét dién téi wu va khéi lvgng t6i wu tim dwoc sau
T = 2000 vong lap.

Nhém |Phin t? thanh | Tiét dién t6i | Tiét dién t6i | Tiét dién tbi
vu st dung vu st dung | wu s@ dung
thuat todn | thuat toan GA | thuét toan
GWO (in? (in?® CMLPSA
(in®)
1 |1 0,08129 0,01 0.01
2 |2;3;4;5 1,9597 2,0119 1.987
3 |6;7;8;9 3,0596 2,9493 2.9935
4 10511 0,01018 0,01 0.01
5 |12;13 0,013185 0,0295 0.01
6 |14;15;16;17 0,67888 0,6838 0.684
7 ]18;19;20;21 1,6696 1,6798 1.6769
8 [22;23;24;25 2,6529 2,6759 2.6621
Khéi lwgng téi wu (Ib) | 545,7549 545,8 547,86

5. Két luan

Mot thuét toan hiéu qua va cé do tin cly cao dya vao chién
lwgc sin mdi ctia bdy séi xAm tén 13 GWO dugc gii thidu trong bai
bdo nay dé 4p dung vao bai toan thiét ké téi wu két cAu dan thép. Hai
vi du dugce st dung trong bai bio nay bao gdm bén ham sé duoc lua
chon trong 25 ham sb trong CEC2005 va mot két cAu dan thép trong
khéng gian 3 chiu véi 25 thanh va 10 nit duge st dung dé chitng

minh mtc d6 hiéu qua cta thuat toan. Két qua trong bai bdo nay da
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chting minh ring thudt toAn GWO c6 thé tim duwgc gia tri t6i wu toan
cuc v6i sb vong 1ap dit 1én (T = 1000 cho vi du 1 va T = 2000 cho vi
du 2). bic biét, d6i véi bai toan tdi wu két cAu dan thép, thuit toan
GWO cho két qua t6t nhit khi so sanh v&i hai thuit todn khac 1a GA

va CMLPSA. Qua d6 chitng minh dugc mitc do tin cly va ky vong ctia

thuét todn GWO trong viéc ap dung dé t6i wu céac bai toan két ciu c6

d6 phitc tap hon vé& mit hinh hoc ciing nhu sé lvgng thanh dan. Pdng

thoi thuat todn GWO ciing 14 mot thudt toan tiém ning dé giai quyét

céc bai toan tdi wu trong céc linh vire khéc.
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