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TOM TAT

Tdi wru haa ket céu cang trinh lugn |3 dé tai dvge quan tam trong
qué trinh thigt k& cia cac ki su xay dung. Nghién citu nay trinh
bay céc budc dé thuc hién thang qua viec ap dung phuong phap
phan tir hiru han k&t hop vai céc thuat toan tdi vu haa phd bign
hign nay. Viec so sanh mirc do higu qua cia céc thuat toan
NSGA-II, MOPSO, MOEA/D va MOJS s& dugc khao sét trén cac vi
du cong trinh dién hinh. K&t qué cho thay thuat toan MOJS cho
ket qua tinh toan dn dinh va nhanh hon cac thuat toan con lai.
K&t qué nghien ciru sé dé xudt them cho céc ki su thigt k& nhigu
sur lua chon va can nhac khi lra chon thuat todn tdi vu haa két
cdu cang trinh

Tir khda: Da myc tiéu; tai vu ket céu; ket cdu thep; MOJS; Meta-
heuristic.

1. GIGI THIEU

Viéc t6i uu héa trong thiét k& céng trinh thép thu hat su quan
tdm ngay cang I6n khi téng gia thanh hay khéi lugng ctia céng trinh
thudng dugc téi thi€u héa dua trén bién thiét ké la dién tich tiét dién
dién hinh clia cac cau kién [1]. Khéng chi ding lai & cac muc tiéu
don 1é, cac bai toan t6i uu hoa thuc té phai giadi quyét nhiéu van dé
cung luc [2]. Trong nhiéu trudng hop, viéc tim gia tri téi uu clia cac
yéu t8 lién quan la rat kho khan, vi vay khong thé sir dung phuong
phap chinh xac ma phai 4p dung metaheuristic - moét gidi phap cao
c&p han cho bai toan tim kiém hodc t6i uu hoa van dé.

Trong vai thap ky viia qua, nhiéu thuat toan metaheuristic da
dugc phat trién va ching dugc 18y cdm hing tur cac qua trinh tu
nhién hodc con ngudi. Nhiing thuat todn nay dugc phan loai theo
mé hinh I8y cdm hiing tlr thién nhién tuang tng, vi du c6 thé ké dén
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ABSTRACT

Structural optimization has always been a topic of interest in the
design process of construction engineers. This study outlines the
steps to implement the process by applying the finite element
method combined with currently popular optimization algorithms.

The effectiveness of the NSGA-Il, MOPSO, MOEA/D. and MOJS
algorithms will be examined using representative structural
examples. The results indicate that the MOJS algorithm provides
more stable and faster computational performance than the other
algorithms. The findings of this study offer engineers additional
options and considerations when selecting optimization algorithms
for structural design

Keywords: Multi objective; structural optimization; steel structure;

MOJS: Meta-heuristic.

nhu mé hinh 3y cdm hiing cho cac thuat toan t6i uu hoa bay dan
(PSO - Particle swarm optimization), t8i uu héa dan kién (ACO - Ant
Colony Optimization), thuat todn dan ong nhan tao (ABC - Artificial
Bee Colony), thuat toan tim kiém sua (JS - Jellyfish Search).

Di cling vdi viéc sang tao ra cac thuat toan thi viéc déi chiéu vai cac
thuat todn khac dé kiém tra tinh hiéu qua clia tiing thuat toan ciing la
viéc tat yéu. Trong qua trinh so sanh, cac tac gia cting dé xuat nhiing
thuat toan nang cap dé nang cao hiéu qua téi uu, déng thdi gidm thoi
gian tim dugc két qua. Nam 2016, I. Aydogdu, A. Akin va M. P. Saka [3]
dé xuat thuat toan LFABC (Artificial bee colony algorithm with Levy
flight distribution) khi so sanh véi cac thuat toan S-ABC, DHS va ACO,
C4c tac gid nhan ra khi ap dung ca bén thuat toan trén mé hinh khung
thép khong gian 8 tang, 1024 thanh thi thuat toan LFABC cho két qua
nhe hon 25,2% so vdi thiét ké téi uu dugc tim thay béi thuat toan ACO.
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Tiép theo, nam 2020 va ndm 2022, hai tac gia la Jui-Sheng Chou
va Truang Pinh Nhat [4, 5] da dé xuat hai thuat toan MOJS (Multi-
objective Jellyfish Search) va MOFBI (Multi-objective forensic-based
investigation) dé déi chiéu véi cac thuat toan khac Cac két qua cho
thay thuat toan MOJS vugt trdi & hau két cac chi s6 khi thuc hién
ki€ém tra 20 tiéu chi khac nhau trén nhiéu vi du gian thép, diéu tucng
ty véi thuat toan MOFBI.

Hién nay trong nudc chua cé nhiéu cac nghién ctiu vé téi uu hda
da muc tiéu, nhat la cac bai toan t&i uu héa két cau céng trinh. Cac
nghién ctu téi uu héa phé bién trong nuéc hién nay xoay quanh
viéc ap dung cac thuat toan t6i uu héa don 1é dé t8i uu héa tir don
muc tiéu sang da muc tiéu [6-8], tuy nhién cac so sanh thuat toan
van chi diing & cac vi du don muc tiéu. Vi vdy nghién ctiu nay sé
cung cap goc nhin vé viéc déi chiéu cac thuat toan t6i uu héa phé
bién hién nay thong qua cac bai toan da muc tiéu.

2. COSG KHOA HOC

2.1. Phuong phap phan ti hitu han

Phucong phap phan tithiiu han (FEM) [9] dugc 4p dung dé tinh toan
luc doc truc (hodc Uing suat phan td) ctia két cdu dan 3D, dugc trinh bay
nhu mét phuong trinh d6 cling téng thé nhu cdng thuic (1-3):

{F} = [K{d} m

Dinh luat Hooke tinh toan (ng suat truc ca méi phan tu (o)

nhu sau

oy = Ee, (2)
Do d6, luc truc cia méi phan tl (T) dugc tinh bang céng thuc sau:
T = Ao, 3)

Trong d6: {F}la luc nut téng thé, [K] 1a ma tran do cing téng thé,
{d}1a chuyén vi nut téng thé, E la mé dun dan héi,  1a bién dang doc
truc, A la dién tich mat cit ngang

2.2. Cac ly thuyét t8i uu héa dién hinh

Bai bao sé thuc hién so sanh 4 thuat toan t6i uu hoa sau: NSGA-
I, MOPSO, MOEA/D va MOJS

2.2.1. Thuat toan NSGA-II

Thuat toan t6i uu NSGA-II dugc Kalyanmoy Deb va cac cong su
dé xuat vao nam 2002 [10]. Thuat todn NSGA-Il 4p dung phucng
phap phan loai khéng bi chi phéi dé thuc hién gén tri thich nghi.
Mét ca thé dugc xem la chiém uu thé so véi ca thé khac néu: 1- giai
phap clia n6 khéng kém hon gidi phap clia ca thé kia & moi muctiéu,
2 - gidi phap clia né vugt troi han gidi phap cla ca thé kia & it nhat
mot muc tiéu. Tat cd cac ca thé khong bi bat ky ca thé nao khac
thong tri dugc xép vao nhom mot, lan lugt dén cacnhom 2, 3... [11]

2.2.2. Thuat toan MOPSO

Thuat toan t6i uu MOPSO dugc Carlos A. Coello Coello va
Maximino Salazar Lechuga dé xuat vao nam 2002 [12] Idy cam hiing
tu hanh vi bay dan trong tu nhién. Thuat toan mé phéng hanh vi xa
hoi cla cac bay dan dién hinh la loai chim, bang cach két hgp kinh
nghiém ban than va xa hoi thi bay chim hoc cach ti€p can muc tiéu
thiic an clia ching. Chang lién tuc diéu chinh vi tri ban than trong
bay dan dé t&i uu hoa vi tri toan cuc, tir d6 tu té chic lai thanh mot
cdu tric t6i uu. [13]

2.2.3. Thuat toan MOEA/D

Thuat toan t6i uu MOEA/D dugc Qingfu Zhang va Hui Li dé xuat
vao nam 2007 [14], thuat todn dua trén qud trinh phan ra. Muc tiéu
cla bai toan t6i uu héa thong qua MOEA/D la phan ra moét bai toan
da muc tiéu (MOP) thanh mét s6 bai toan téi uu hda don muc tiéu
théng qua cac ham téng hgp va st dung cac thuat toan ti€n hoa
khac dé téi uu chiing cing mét luc. Vi céc gidi phap téi uu ctia moi
bai toan con da dugc ching minh la pareto t6t nhat doi vai bai toan
da muc tiéu ban dau nén tap hop cac giadi phap t6i uu cla cac bai
toan con dugc xem la xap xi tét clia pareto tot nhat [15].

2.2.4. Thuattoan MOJS

Thuat toéan t6i uu MOJS dugc Jui-Sheng Chou va Truong Pinh
Nhat dé xuat vao nam 2020 [18]. Thuat toan ldy cdm hung ti chuyén
déng cda loai sta bién - thit bi chi phdi bdi ngoai canh. Mac du c6
kha nang boi nhung sta lai chd yéu tréi trong nudc, tly thudc vao
dong chay va thuy triéu, khi gap diéu kién thuat lgi thi ching két
thanh dan 16n va phét trién nhanh chéng. Vi la loai sinh vat bai yéu
nén hoat déng clia chiing gan lién véi hai luu, cing véi s6 luong
thic &n tai cac dia diém stia ghé thdm khac nhau, tat ca dinh hinh
dugc hudng di chuyén va tap trung t8i uu cla loai sta trén khap dai
duong [16].

2.3. Cac phuong phap danh gia

2.3.1. Chi sé thé tich siéu hinh (HV - Hypervolume index)

Thé tich ca khéng gian muc tiéu dugc bao phd bdi cac thanh
cUa tap hop cac gidi phap khéng bi chi phéi (A) dugc goi la chi s6
thé tich siéu hinh (HV) [17]. Mét hypercube vi véi mot diém tham
chiéu dugc tao ra vé mat toan hoc cho méi gidi phap i € A. HV dugc
tinh bang céng thuc (4):

A
HV = volum <U vi) (4)

i=1

HV cung cdp thong tin vé ca su héi tu va sy da dang cla tap A;
mot thuat toan tét hon ¢é gia tri HV 16n hon.

2.3.2. Chi sé khoang cach (SP - Spacing)

Chi s6 SP la phuong sai ctia khodng céch gitia cac vector lan can,
nhu sau:

sp= |— Z(_'—dg)z )

n—1
=1
Trong do:
kePs <
, s . .
p= L min ) |fh = £ ©
m=1

SP biéu thi d6 léch chudn ctia khoang cach gilia cac gidi phap khéng
bi chi phéiivak, Ps 1a tap hgp cac gidi phap khong bi chi phai, d’ la gia
tri trung binh clia tat ca cac d; va n la s6 lugng vector khdng bi chi phéi
da dugc kham pha cho dén nay (cong thtic (5), (6)). Su phan phéi dong
déu clia cac giai phap tuong ting vdi gia tri SP nho hon.

2.4. Ap dung thuat toan t6i uu héa dé giai quyét van dé két cau

Cac phuong trinh sau day st dung dé€ gidi quyét bai toan t6i uu
héa da muc tiéu ctia mét két cdu véi nm phan td (trong ng nhom)
va nm nut [18] (cong thuc (12-15)).

TimA = {A;,A,, ... Ay} sao cho

T6i thiéu hoa:

fi4) = Z AipiL;
=1
f>(4) = max([;])

Véi diéu kién:
0. < 0; < 0y, i=12,..nm (8)
Omin < 6; < Smax j=12,..nm (9)
Apin < Ay < Amaer k=12, .09 (10)
Ai < Aigh’ k= 1,2, L.nm (1 1)

Trong do A la vector cac bién kich thudc, f; (4) la trong lugng
clia két cau; f,(A) la do léch t6i da clia nat trong két cau. &; la do
léch clia nut thi j; p; 1a mat d6 vat liéu ctia phan tar thii; A; la dién
tich mat cat ngang clia phan ti thi i, c6 thé thay déi ti A, dén
Az, va A; 1a d6 manh cla phén thir thiri, dugc gidi han bai 1;4p,.
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Péu vao: Dién tich, mé dun dan
hoi, luc

Khoi tao céc tham sb

Xac dinh tiét dién cua timg
han tir . A qia q 3

P i Khoi tao tiét dién cua tirng phan

tr

Xay dung mé hinh két cau

! |

Phuong phép phén tir hitu han

M5 hinh t6i wu hoa

‘ Tinh ra ma tran d¢ cing ‘

Tinh ra chuyén vi

‘ Tinh ra ndi luc ‘

|

Tinh ra gié tri tmg suat

Tinh ra céc gia tri phat

(1+¢)°

l

Tinh ra cac gié tri muc tiéu
Fip(A)=fi(A)x(1+¢)"
Fap(A)=fa(A)x(1+¢)"

Tiéu chi dung da dat?

So db t6i wu hoa

Hinh 1. Khung t6i uu héa metaheuristic dé gidi quyét cac vn dé thiét ké két cdu
Degertekin va cong su da dé xuat mot ham phat F, dé x{r ly cac
diéu kién rang budc trong bai toan téi uu hoa viéc t6i thiéu hoa ham
muc tiéu f(A).
Fy = f(A) x (1+ §)° (12)
Trong do: ¢ la téng cac s6 phat, dugc dinh nghia nhu sau:

¢ = idn (13)
i=1

o = (14)

Trong d6 ¢; la muic d6 vi pham rang budc véi gisi han lap; va g
1a s6 lugng rang budc hoat dong. S6 ma trong ham phat € 1a ham sé
biéu thi s6 1an 13p va dugc cho bai:

£=g, (1 + ) (15)
R Maxiter i
Gia tri ban dau g c6 thé dugc dat tur 1,001 dén 10000 [19] va

dugc ddt thanh 2 trong trudng hgp nay.

Hinh 1 m6 ta quy trinh thuc hién mé hinh t6i uu hoa két cau tur
lic nhan dugc cac tham s6 ban dau dén luc hoan thanh biéu dé
pareto t6t nhat. Trong nghién cliu nay, MOJS va cac thuat toan khac
sé dugc tinh toan trén phan mém MATLAB R2022b bang may tinh
vGi chip Intel(R) Core i7-7700HQ, téc d6 xung nhip 2.80 GHz, RAM
16GB va Windows 10.

3. ViDU DIEN HINH

3.1. Gian 25 thanh

Bai toan thap khong gian 25 thanh dugc mo6 ta trong hinh 2. Mat
dd vat liéu, mé dun dan héi va giéi han Ung suat ctia cac thanh phan
trong két cau nay tuong ting la 0.1 Ib/in3, 10000 ksi va 40000 psi.
Tat ca cac nut cla két cdu phai chiu gidi han dich chuyén la £0.35
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(in) theo cac hudng X, Y va Z va tai trong tai cac nut dugc dat thanh
P1x =1 kips, P3x = 0.5 kips, P6x = 0.6 kips, P1ly =P1z=P2y =P2z =-
10 kips. Cac thanh phan cda két cau dugc chia thanh tam nhom: (1)
AT, (2) A2-A5,(3) A6- A9, (4) A10-A11,(5) A12-A13,(6) A14-A17,
(7) A18-A21va (8) A22 - A25. Cac khu vuc mat cat ngang rdi rac, bao
gém trong vi du véi vi du tam bién téi uu héda, dugc chon tirtap hop
D=1{0.1,0.2,0.3... 2.3,24, 2.6, 2.8, 3.0, 3.2, 3.4} (in?) la dién tich c6t
thép chiu kéo va x1 1a dién tich ti€t dién mat cat ngang) nén hai bién
X6 va x9 sé bi loai ra trong khi xay dung mé hinh. [16]
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Hinh 2. M hinh gian 25 thanh

Bang 1 thé hién két qua thdng ké cda gia tri HV. Qua d6 cho thay
rang thuat toan ngoai trir MOEA/D cho két qua trung binh HV thap
nhat thi 3 thuat toan con lai déu co gia tri xap xi nhau, tuy nhién
phuong sai ctia MOJS la nhé nhat (std = 0.0061). Diéu nay cho thay
rang MOJS c6 kha nang tim ra dudng pareto tét nhat c6 phan bé
cao nhat va 6n dinh nhat.

Bang 1. Gia tri HV giai két cau 25 thanh

Max Min Avg. Std.
NSGA-II 0.9980 0.7853 0.7970 0.0380
MOPSO 0.9416 0.7777 0.7987 0.0377
MOJS 0.7877 0.7672 0.7804 0.0061
MOEA/D 0.9852 0.2103 0.4882 0.2072

Tiép theo, bang 2 thé hién két qua théng ké cla gia tri SP. Két
qua phan tich cho thay rang MOJS la thuat toan duy nhat khéng ra
két qua SP = 0, dong thdi gia tri trung binh va phuang sai déu nho,
vi thé phan phdi két qua céac gid tri tim ra clia thuat toan MOJS la tét
nhat.

Bang 2. Gia tri SP giai két cdu 25 thanh

Max Min Avg. Std.

NSGA-II 3.5710 0.0000 2.7287 0.5825
MOPSO 132.8134 0.0000 9.1176 23.3957
MOJS 4.2625 2.0436 2.8884 0.5492
MOEA/D 21.8276 0.0000 2.4571 4.9749

Bang 3. Thai gian trung binh bai két ciu 25 thanh (giay)
NSGA-II MOPSO MOJS MOEA/D
108.12 30.20 30.81 126.69

Két qua pareto front t&t nhat dugc thé hién trong hinh 3, bao
gém pareto tét nhat cla 4 thuat toan. Trong bai toan 25 thanh thi
thuat toan MOJS cho biéu d6 tim kiém c6 d6 phd rong nhat (HV tét
nhat) va mat do cac gia tri thap nhat (SP tét nhat). Dong thai két qua
trong béang 3 cho thay thai gian xt ly ctia MOJS (30.81s) thap hon
nhiéu so v&i NSGA-I1 (108.12s) va MOEA/D (126.69s). Diéu nay minh
chiing MOJS la thuat toan thuc hanh t6t dé xt ly bai toan nay.
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Hinh 3. Két qua t3i uu Pareto tot nhat

3.2. Gian 72 thanh

Tiép theo la bai toan két cau gian khong gian 72 thanh dugc mo
td nhu trong hinh 4. Mat d6 vat liéu la 0.1 Ib/in3 va va m6 dun dan
héi la 10000 ksi. Cac phan t phai chiu ting suat trong pham vi +25
ksi. Cac phan t ctia két cau dugc thanh 16 nhom: (1) A1 — A4, (2) As
— A1z, (3) A1z — Ae, (4) A1z — Asg, (5) Ao — A2z, (6) Azz — Az, (7) Azt — Asa,
(8) Ass — Ass, (9) As7 — Aso, (10) Asr — Asg, (11) Azo — Asz, (12) Asz — Ass,
(13) Ass — Ass, (14) Ass — Aes, (15) Ae7 — Aro, (16) A71 — Az2. Tap tiét dién
la D =1{0.1, 0.2, 0.3...2.5} (in?). Tai trong trén két cau trusng hgp 1:
Fix=Fiy =5 kips va Fi. = -5 kips, va tdi trong trudng hgp 2: Fi.=F2. =
Fsz=Fs,=-5 kIpS [9]
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Hinh 4. M hinh gian 72 thanh

Két qua HV dugc thé hién trong bang 4, gié tri trung binh cla thuat
toan MOEA/D van thap hon so vdi gia tri xap xi nhau clia 3 thuat toan
con lai. V& phuong sai, thuat toan MOJS cé phuong sai nho nhat, chiing
td cac gia tri biéu d6 trong nhiéu trudng hgp clia thuat toan MOJS luén
6n dinh, cac gia tri cia NSGA-Il du cho két qua bao ph t6t nhung van
xuat hién nét vai trudng hgp bi léch nhiéu so véi viing xuat hién chinh
clia cac trudng hgp. DU vay ta van c6 thé xem NSGA-Il va MOJS Ia 2 thuat
toan cho két qua tét véi vi du nay.
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Hinh 5. Két qua tdi uu Pareto tot nhat

Bang 4. Gia tri HV giai két cau 72 thanh

Max Min Avg. Std.
NSGA-II 1.0000 0.8042 0.9672 0.0618
MOPSO 0.9199 0.8058 0.8297 0.0235
MOJS 0.8303 0.7744 0.8047 0.0141
MOEA/D 0.9641 0.1017 0.4524 0.2432

Nhin vao bang 5, dé nhan thay gia tri SP ciia MOEA/D trai tur can
nho nhat bang 0 dén can I6n nhat bang 1, khdng nhiing vay cac gia
tri cGa thuat toan nay cling gan nhu déu bang 0. Ca thuat toan
NSGA-Il va thuat toan MOPSO cing xuat hién céc gia tri bang 0
trong mot vai vi du, nhu vay mic d6 8n dinh ctia MOJS 1a cao hon
so véi cac thudt todn con lai trong vi du nay. Khéng nhiing vay, gia
tri SP cia MOJS nhin chung cing nho nhat so véi cac thuat toan con
lai néu khong tinh dén gia tri ly tudng bang 0 clia cac thuat toan con
lai.

Trong bai todn gian 72 thanh, thuat toan MOJS t6 ra t6t hon khi
xét dén gia tri SP cla mbi thuat toan, gia tri HV cling thudc nhém
thuat toan tét. Khong nhiing vay, khi xét dén gia tri thai gian thi
MOJS (40.26s) cling td ra tot hon so véi NSGA-II (135.60s) va MOEA/D
(119.96s). Nhu vay, MOJS van t6t nhat trong 4 thuat toan dé xt ly bai
toan nay.

Bang 5. Gia tri SP gidi két cau 72 thanh

Max Min Avg. Std.

NSGA-II 21.2950 0.0000 1.0069 3.9383
MOPSO 20.1218 0.0000 13.3529 3.8931
MOJS 18.2302 1.8723 7.7773 4.3633
MOEA/D 25.9638 0.0000 3.0443 7.1609

Bang 6. Thai gian trung binh bai két cdu 72 thanh (gidy)
NSGA-II MOPSO MOJS MOEA/D
135.60 45.60 40.26 119.96

3.3. Mai vom 120 thanh

Bai toan giadm thiéu trong lugng ctia mai vom 120 thanh ban dau
dugc nghién ctiu béi hai nha khoa hoc Soh va Yang vao nam 1996
(thé hién trong hinh 6). Hai muc tiéu chinh cda bai toan nay la giam
thiéu téng trong luong két cau va gidm thiéu su chuyén vi t6i da clia
tat ca cac nat theo moi hudng. Mai vom chiu tai trong thang diing -
13.49 kips (60kN) tai nut 1, -6.744 kips (30kN) tai nut 2 dén nut 14 va
-2.248 kips (10kN) tai cadc nut con lai. Gigi han dudi va trén dién tich
mat cat ngang clia cac thanh lan lugt la 0.775 in? va 20.0 in% Cac
thanh phan két cau dugc chia lam 7 nhom (1) Ay = Avz, (2) A1z — Az,
(3) Azs — Asg, (4) Ao — Aso, (5) As1 — Ass, (6) Ags — Ags, (7) Aoz — Ar20. MO
dun dan héi, iing suat chay va mat dé vat liéu tuong ting la E = 30450
ksi, Fy = 58 ksi va p = 0.288 Ib/in®. Ung suat kéo va nén va dé manh
cho phép dugc udc tinh dua trén cac thong sé ky thuat AISC-ASD [4]

Hinh 6. M hinh gian 120 thanh

K&t qua HV dugc thé hién trong bang 7, tuong tu nhu 2 vi du
trén thi gia tri trung binh cda thuat toan MOEA/D lan nifa chi tim ra
cac mién gia tri thap hon so véi gid tri xap xi nhau cla 3 thuat todn
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con lai. V& phuong sai, véi gia tri chi rai vao 0.0012 thi NSGA-Il tao
dugc vling gia tri rat gan nhau gilra cac lan xt ly véi nhau, khéng
nhiing vay, gia tri I6n nhat va nhé nhat cing 1a tét nhat. Ta ¢6 thé
két luan la HV cta NSGA-II khi xét dén bai toan 120 thanh nay cho
gia tri t6t nhat.

Bang 7. Gia tri HV giai két cau 120 thanh

Max Min Avg. Std.
NSGA-II 0.4776 0.4721 0.4750 0.0012
MOPSO 0.4268 0.3084 0.3832 0.0267
MOJS 0.4687 0.3810 0.4451 0.0172
MOEA/D 0.3511 0.0512 0.1406 0.0918
Bang 8. Gia tri SP giai két cdu 120 thanh

Max Min Avg. Std.
NSGA-II 96.7592 34.6822 48.4876 14.4835
MOPSO 833.0958 21.4837 316.2612 177.6477
MOJS 602.4524 0.8584 82.0493 121.4704
MOEA/D 125.7937 0.0000 9.1911 28.7990

Thong s6 trong bang 8 cho thay gid tri SP ciia MOPSO trdi tir can
nho gan bang 0 dén can I6n nhat bang 1, con thuat toan MOEA/D
gan nhu chi cho ra cac gia tri SP bang khong. Thuat toan NSGA-Il va
MOJS nhin chung cho két qua 6n dinh hon va thap. Néu so dén
phuong sai Std thi NSGA-II (14.48) cho két qua phuong sai tét han
MOJS (121.47) nén vé gia tri SP thi NSGA-Il van t6 ra én dinh.

w107
, .
zg < NSGA2
e MOPSO
5- % MOLAD -
45 % + MOIS

Chuyén vi lén nhdt (in)

2 2.2 24 2.6 2.8 3 3.2 3.4 3.6 38 4
Trong lugng (1b) 10t

Hinh 7. Két qua t6i uu Pareto t6t nhat
Bang 9. Thai gian trung binh bai két cdu 120 thanh (gidy)

NSGA-II MOPSO MOJS MOEA/D

176.54 67.41 76.23 103.44

Trong bai toan mai vom 120 thanh, thuat toan NSGA-II té ra tot
haon. Két qua pareto t6t nhat trong hinh 7 dé dang nhan thay dé pha
HV va khoédng cach gilia cac diém (gia tri SP) cla NSGA-II 13 t6t nhat.
Tuy nhién, khi xem xét dén thoi gian thyc thi téi uu hda (bang 9) thi
thuat todn MOJS (76.23s) lai té ra t6t han hén so vdi thai gian xt ly
cla thuat toan NSGA-II (176.54s) va thuat todn MOEA/D (103.44s).
Xét dén tinh Ung dung hiéu qua vé mat thoi gian, thi ta van xem
thuat toan MOJS (gia tri tét thi hai trong vi du nay) cho két qua hiéu
qué nhat.

4. KET LUAN

Nghién cttu nay xay dung mét khung gidi téi uu héa két cau da
muc tiéu vai diéu kién ung suat, chuyén vi va d6 manh cla céng
trinh dan thép khéng gian. Nghién cttu da thuc hién so sanh 4 thuat
toan t6i uu héa da muc tiéu cho nhimng vi du cu thé. Ung véi méi vi
du, sé cho ra cac dudng pareto tét nhat ing véi méi thuat toan,
déng thai kiém tra iing sudt cac thanh ting véi diém nguy hiém nhat
clia mbi thuat toan tim dugc.

K&t qua phan tich da chi ra rang khong phai thuat toan t6i uu
héa nao cling c6 thé x{ ly cac bai toan két cdu moét cach hiéu qua.
Cac thuat toan cling déi khi tao ra sai s6 I6n vé vi tri diém tim dugc
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trong nhiing lan thuc hién lai. Thuat toan MOJS dugc phat trién sau
nay da té ré tinh uu viét hon so véi cac thuat toan tién nhiém khi da
€6 thé: 1- Ludn xU ly s6 liéu trong thai gian nhanh nhat, 2- Nhanh
chéng tim dugc cac diém t6i uu cla céac vi du, 3- Tinh déng déu, 6n
dinh cta céc 1an thuc hién trong cac vi du la cao haon han cac thuat
toan con lai.
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