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Tém tit

Nghién cibu ndy gi6i thiéu mét phirong phdp t6i
wu hiéu qud cao dé giai quyét cdc bdi todn 16i wu
héa da muc tiéu. Phiwong phdp dwoc phdt trién
dwa trén thudt toan Marine Predators Algorithm
(MPA), dwoc gidi thiéu lan dau boi Faramarzi va
cong sy vao nam 2020. Thudt toan dwoc mo rong
bang cdch tich hop b leu triv Pareto (Archive) va
co ché chon loc (Selection Mechanism) dé tim ra
ké sin moi wu ti nhat tie bo luu. Phirong phdp dé
xudt dwge kiém chimg qua tém bai todn kiém
chudn t6i wu da muc tiéu va sau dé dp dung dé
gidi quyét cdc bai todn 16i wu héa trong linh viec
ky thudt két cau. Toan bé cac bai toan dwoc ldp
trinh va tinh todn trén phan mém MATLAB.

Tir khoa: 76i wu hda da muc tiéu, thudt toan MPA,
phdn loai phi vuot tréi, két cau cong trinh.
Abstract

This study introduces an effective optimization
method for solving multi-objective optimization
problems. The method is based on the Marine
Predators Algorithm (MPA), initially developed
by Faramarzi et al. in 2020. The MOMPA
algorithm, proposed by Zhong and colleagues in
2021, extends MPA by incorporating two critical
techniques: An Archive to store the Pareto
solution set and a Selection Mechanism to identify
the best predator from the Archive. In this
research, the MOMPA algorithm is validated
using eight benchmark multi-objective test
problems and then applied to optimize structural
engineering problems. All mathematical problems
in this study were implemented and solved using
MATLAB.

Keywords: Multi-objective optimisation (MOO),
Marine Predators Algorithm (MPA),
dominated, engineering structures.
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1. Mé dau

To1 wu da muc ti€u 1a mot bai toan dac biét trong
cac van dé toi uu hoa, khi d6 nhiéu muc tiéu cung ton

tai can dugc giai quyét trong mot van dé toi vu hoa.
Pong thoi cac muc tiéu nay co xu hudng méau thuin
va d6i 1ap nhau. Cac van d¢ toi vu da muc tiéu c6 thé
gip trong nhiéu linh vyc khac nhau, nhu: Toan hoc,
k¥ thuat, kinh té va nhiéu linh vuc khac [1]. Cac bai
toan t&i wu hoa da muc tiéu ludn ton tai nhiéu kich ban
tdi wu khac nhau dugc goi 1a tap Pareto va mat Pareto
[2]. Py ciing 1a thach thirc ciia bai toan tdi wu da muc
tiéu khi phai toi uu tt ca cac muc tiéu cing luc [3].

Trong nhiing thap nién gan day, cac thuat toan liy
cam hung tir tu nhién (metaheuristic) dugc phét trién
v6 cung manh mé va dugc minh chung 1a mot phuong
thirc tiép can manh mé& dé giai quyét cac bai toan t6i wu.
Céc thudt toan metaheuristic thudng c6 wu thé véi cac
cach tiép can cd dién 1a c6 thé cung cap 10i giai chinh
xéc trong thdi gian ngén va dé& trién khai ca khi xu 1y
cac van dé tdi uu phirc tap. Cho dén nay da c6 dén trim
thuat toan dugc phat trién va gidi thiéu trong nhiing
thap nién vira qua. C6 thé ké dén mot sb thuat toan ndi
bat dugc phat trién cho xtt 1y céc bai toan ti wu da muc
tiéu nhu: MOMVO - thuat toan t6i vu da muc tiéu da
vl try [4], MOMSA - thuét toan t6i vu da muyc tiéu bo
ngua, MOALO - thudt toan da muc tiéu kién su tur [5]....
Tuy nhién, can luu ¥ rang méc dii ¢ rat nhiéu thuat toan
dugc gidi thidu cho dén nay nhung diéu d6 khong c6
nghia thuat toan dugc phat trién sau 1a hoan hao va
manh mé hoan toan hon so véi nhitng thuat toan dugc
gi6i thidu trude do. Thuc té cho thiy, déi véi méi mot
van d& ti uu hoa ludn tdn tai mot hodc vai thuat toan
c6 thé dap tmg t6t chir khong phai tat ca.

Tai Viét Nam, van dé t6i uu hoa néi chung va t6i
uu hoa da muc ti€u nodi riéng da va dang nhan dugce sy
quan tam 16n tir cong dong nghién ctru trong nhiéu
linh vyc nhu ky thuat, kinh té, va cong nghiép. Cac
thuat toan tdi wu ldy cam hing tir ty nhién
(metaheuristic) nhu thuat toan di truyén, thuat toan
bay dan, va cac bién thé da dwoc nghién ctru va ap
dung rong rai. Mot ) nghién curu da dat dugc két qua
kha quan khi 4p dung cac thuat toan nay vao tdi wu
hoéa chi phi, d¢ bén, va hiéu qua cuia céc két cau xay
dung [6-8]. Tuy nhién, cac nghién ctru tai Viét Nam
van dbi mat voi nhiéu thach thirc, bao gdm viée cai
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thién higu suét tinh toan, dam bao tinh 6n dinh ciia cac
thuat toan, ciing nhu ap dung chiing vao céc bai toan
thyc té c6 quy md 16n va yéu cau khit khe.

Chinh vi vy, viéc tim hiéu va img dung céc thuat
toan hién dai nhu MOMPA m¢ ra co hdi nang cao chét
lwong va hiéu qua ctia cac bai toan tdi wu héa da muc
tidu, gop phan thuc day su phat trién ctia linh vuc khoa
hoc k¥ thuat tai Viét Nam. Thuét tooan MOMPA duoc
phat trién vao nim 2021 boi Zhong va cic dong
nghiép [9], goi 1a MOMPA. Thuét toan t6i wu hoa da
muc tiéu nay liy thuat toan ndi tiéng khac 13 thuat toan
MPA lam nén tang (dugc gi6i thiéu boi Faramarzi
cing cac dong nghiép vao nam 2020 [10]). Bé xay
dung thuat toan MOMPA hai k¥ thuat quan trong dugc
sir dung, gom: (1) bd luu (archive) noi luu giir tap
nghiém Pareto, (2) co ché chon loc (selection
mechanism) gitp tim kiém ké san moi wu ta nhat tir
bd luu. Trong nghién ctru nay, trude khi trién khai
thuat toan dé toi wu cac bai toan két céu cong trinh,
tam bai toan kiém chuan duoc lua chon dé thuc hién
danh gia hiéu qua cua thuat toan.

Céu tric cta bai biao gdbm: Phan 2 gi6i thiéu bai
toan t6i wu da muc tiéu. Phin 3 gidi thiéu thuét toan
MPA. Phén 4 gi6i thiéu phién ban t6i wu da muyc tiéu
cua thuét toan MPA. Phan 5 thuc hién kiém chuén
thuat toan va Phan 6 trién khai thuét toan MOMPA dé
tinh toan ti uu da muyc cho bai toan két ciu cong trinh.
Va cudi cung, cac két luan va dé xuét dugc dua ra
trong Phan 7.

2. T6i wu da muc tiéu

Khéc véi bai toan tdi wu thong thudng von chi giai
quyét don nhat mdt ham muc tiéu, cac van dé t6i uu
da muc tiéu s& phai giai quyét cac bai toan v6i nhiéu
muc tiéu xung dot voi nhau. D6i voi 10i giai cua bai
toan toi uu da muc tiéu s& khong phai 1a duy nhat ma
s& 1a mot tap hop cac 10i giai dam bao sy cin bang
giita cac muc tiéu ddi 1ap cia bai toan. Piéu nay dan
dén viéc phai danh gia cac giai phap dé xac dinh vai
tro gia tri gitta cac muc tiéu. V& mit toan hoc, mot bai
toan toi vu da muc tiéu dugc thé hién nhu sau:

Téi thiéu

F() = {f100), f(x), .., £ (0}

hoa:
vj=12,..,D
voi: g(x) =0,k=1,2,..,K
Ry =0,1=1,2,..,L )

Li le' < Ui,i = 1,2,...,M

Trong d6: D 1a s6 ham muc tiéu cua F(x), K,L
1a s6 diéu kién rang budc bét dang thirc va dang thirc,
M lasbbiéntinh; L; va U; lan luot 1a giéi han dudi
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va trén cua bién tinh thir i. Va x = [x1,x,, ..., xy] 12
nghiém ti wu cta bai toan da muyc tiéu. Didu nay
khién khdi niém truyén théng vé t6i wu can dugc stra
d6i dé phu hop véi su danh doi gitra cac muyc tiéu doi
lap. Khai niém vé "t6i wu da muc tiéu" duoc
Edgeworth gi6i thi€u vao nam 1881 va sau d6 dugc
Pareto cung ¢d vao nam 1896, duge goi la "t8i uu
Pareto" va dinh nghia nhu sau:

- Khai niém 1 (Su vuot trdi Pareto): Vecto x vuot
trdiso voi y (ky hi€ula x < y)khivachikhi: Vi €
{1,2,....M}: fi(x) < fi(y) va 3j €
{1,2, ..., M}: fi(x) < fi(y).

- Khai niém 2 (Tbi wu Pareto): Khi khong co
nghiém vuot trdi so véi y, vecto x dugc coi la
nghiém khong vuot trdi, con dugc goi 1a nghiém
Pareto ( PS ) dugc dinh nghia 1la PS =
{xeX|Aye X,y <x}.

- Khai niém 3 (Mit Pareto - PF) 1a biéu dién cua
PS trong khong gian muc tiéu: PF = {F(x)|x € PS}.

3. Thuit toan MPA

Trude hét, MPA 1a mot phuong phap dua trén
nguyén tic bay dan, dugc lan dau giéi thiéu boi
Faramarzi cing cac dong nghiép vao nam 2020 [10].
Nhom dé dua trén thuyét sinh ton cia ké sin moi
manh nhat, nghia 12 16i giai cua bai toan tdi wu chinh
la ké san moi wu ta nhét. V& mit toan hoc, thuét toan
MPA sé& thuc hién viéc giam sat ké san moi béng mot
ma tran dugc goi 1a Elite:

X{,1 X{,z X{,d
1 1 I
Elite = |21 X22 X24 3)
Xp1 Xpz o Xng xd

Trong do: XiIJ-(Vi =1l.nj=1..d)1a vi tr
ctia ké sin mdi vu ta nhat, n 1asd luong tac nhan tim
kiém va d 1a sé chidu cua khong gian tim kiém. Vao
cudi mdi von lap, Elite s€ dugc cap nhat bdi ké san
mdi vu t hon. Bén canh d6, MPA con sit dung thém
mot ma trén khac cé cung kich thude voi Elite dugc
goila Prey, nhu sau:

[X1,1 X1 Xl,d]
X
prey=|[xf-1 oz - f’dl (4)
Xni Xnp oo Xaal

Trong d6: X;;(Vi=1..n; j=1..d)lavectovi
tri ciia con moi. Va bﬁy con moi s& duoc khaoi tao mot
cach ngu nhién nhu sau:

Prey = rand(n,d) X (U, — Lp) + Ly (5)

Trong d6: Uy, L, la cac gi tri giéi han 16n nhat
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va nho nhét ctia khong gian tim kiém. Quy trinh thuat
toan MPA duoc chia thanh ba giai doan, gom:

Giai doan 1: Puogc goi la giai doan van tdc cao tire
1a ty 1¢ van tdc gitta con moi va ké sin mdi 1én hon 10
(v > 10). Giai doan nay xay ra trong cac vong ldp tinh
toan ban du ciia qua trinh t6i wu hoa (giai doan kham
pha - exploration). M6 hinh toan hoc ctia con mdi thir
i cuavong tinh thtr iter cho giai doan nay nhu sau:

.. 1 ,
Khi iter < EMax_Lter

6
step; = rg@(Elite; — rg@Prey;) Vi=1..n ©

Prey; = Prey; + P. R@®step;

Trong d6: 75 1a mot vecto s ngau nhién cho boi
phan phdi Brown. Ky hiéu ® 14 phép nhéan ting phan
tor twong Ung gitra hai ma tran cung kich thudc. P =
0,5 1a mot sb hiang s6 va R 1a mot vecto sé ngiu
nhién phan phéi trong [0,1]. step; la vector biéu
dién kich thudc budce di tiép theo cuia ké sin mdi thir
i. iter la vong ldp tinh toan hién tai trong khi
Max_iter 1a s6 vong lap tinh toan t6i da.

Giai doan 2: Puogc goi la giai doan van tde don vi
tic 1a ty 16 van téc v giita ké san mdi va con mdi 1a
tuong dwong. Pay 1a giai doan ca con mdi va ké sin
moi déu dang tim kiém thic an cua chung. Trong gia
doan nay, quéa trinh kham pha chuyén dan sang quéa
trinh khai thac (exploitation). M6 hinh toan hoc cua
giai doan nay nhu sau

Khi éMax_iter < iter < §Max_iter budc di

chuyén cho nira dan 1am nhiém vu kham pha, dugc
tinh béi: (7)
step; = 1, ®Q(Elite; — r,@Prey;) Vi
=1..n/2
Prey; = Prey; + P.13®step;

Trong d6: 7, 1a mot vecto sb ngau nhién dua trén
phan phdi Lévy. Va bude di chuyén cho nira dan con
lai 1a nhi€ém vu khai thac duoc tinh boi:

step; = rs®@(rgRElite; — Prey;)Vi

~241
=5+1.n (8)

Prey; = Elite; + P. CF@step;
iter

iter )zMax,IteT
Max_iter

Trong do6: CF = (1 - dugc
coi 12 mot tham sé thich tmg dé kiém soat kich thudc
bude cho chuyén dong cta ké san mdi.

Giai doan 3: Pay la giai doan van tc thap (v = 0.1)
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khi ké san moi di chuyén nhanh hon con moi. Kich ban
nay xay ra trong giai doan cudi cla qua trinh toi wu hoa,
chu yéu lién quan dén kha nang khai thac cao:

.. 2 .
Khi iter > EMax_Lter

step; = 1, Q(r,®Elite; — Prey;) Vi 9)
=1..n
Prey; = Elite; + P. CF®step;

Trong thyc té, cic dong xoay trén bién hoic cac
thiét bi du c4 (Fish Aggregating Devices - FAD) ciing
c¢6 thé anh huong dén hanh vi cta cac loai sin mdi
dudi bién. Trong MPA, FAD duogc coi 1a by cuc bd
cho thuat toan va can sir dung cac budc nhay dai hon
gitip tranh tinh cac bay nay. Tac dong ciia FAD dugc
biéu dién vé& mit toan hoc nhu sau:

Prey; =

Preyi + CF[Xmin + R®(Xmax - Xmin)]®U (10)
Prey; + [FDA(1 — 1) + 1] (Preyr1 — Preyrz)

Trong d6: FAD=0.2 hing s6 xac suat, U 1a vecto
nhi phan gém sb khong va sé mot, r 1a sd ngau nhién
trong [0,1]. Xpnin va Xpmax 12 cdc vecto chura gidi
han dudi va trén cua cac chidu, r; va 7, 1a cdc con
moi nglu nhién thir 77, 7, trong bay.

Tiép dén 1a kha nang ghi nhd noi c6 kha nang tim
kiém dugc con mdi cua cac loai sin mdi bién, dugc
mo phong bang cach tao bo nhé luu trong MPA. Sau
khi cap nhat Prey va trién khai hiéu tng FAD, ma
tran nay dugc danh gia vé do phu hop dé cap nhat
Elite. Giai thuat MPA duoc trinh bay nhu sau:

Khoi tao bay con mdi Prey theo Ct. (5).
Tinh toan gia tri ham muc tiéu, xdy dyng ma tran
Elite va khaoi tao bo nho theo Ct. (3) va (4).
While iter < Max_iter
If iter < Max_iter/3
Cép nhét Prey theo Ct. (6).
Elseif Max_iter/3 < iter < 2Max_iter/3

Cap nhét Prey bang Ct. (7) véi i = 1, g

Va cap nhat Prey bing Ct. (8) voi i =2+ 1,..,n

Elseif iter > 2Max_iter/3
Cap nhat Prey bang Ct. (9).
Endif
Tinh toan lai gia tri ham muyc ti€u va thuc hién luu bd
nhd va cap nhat Elite
Trién khai FAD va cép nhat theo Ct. (10).
End while
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4. Thuit toan MOMPA

Thuét toan MOMPA, lay thuét toan MPA lam nén
tang két hop véi hai ky thuat, gdm: (1) Bo luu
(archive), dugc sir dung dé luu trit cac 10i giai Pareto,
(2) Co ché chon loc (selection mechanism) dé lya
chon ké sian moi wu ta nhit tir bo luu.

4.1. B4 luu

K§¥ thudt nay tao ra mdt bg luu trit nay dwoc st
dung dé luu cac 16 giai khong bi vuot troi. Kich thudce
cia nd dugce 4n dinh, thuong bﬁng mot ntra kich thudce
ctia quan thé. Kho luu trir nay ludn thu thap cac giai
phap tir cac quan thé hién c6 va cap nhat kho luu trit
béng cach so sanh chiing véi cac giai phap méi duoc
tao ra. N6 dugc cap nhat nhu sau:

- Khi mot 161 giai médi dugc tim ra bi vuot trdi boi
it nhat mot 10i giai ¢6 trong bo luu trit, thi 101 giai mai
khong dugc chép nhén cédp nhat vao bg luu trit.

- Néu 10i giai phap méi vuot trdi so voi it nhat mot
hodc nhiéu 11 giai c6 trong bd luu, thi 161 giai bi vuot
trdi do sé bi xda va thay thé boi 1oi gidi méi vuot troi
hon.

- Néu 10i giai moi khong bi vuot trdi trong tat ca
cac giai phap trong bo luu, thi 161 giai méi dugce thém
vao bo Iuu trit vai tu cach 1a thanh vién mai.

Néu b6 Iuu bi day va 101 giai méi dap g cac tiéu
chi dé duoc cap nhat, nd s€ bi mét. Theo tinh huéng
nay, can phai x6a bt mot 101 giai khoi bo luu. Viée
lya chon 101 gidi dé x6a khoi bd luu duoc lva chon dua
theo phuong phap “Roulette” dé tinh toan xac suét
loai bé cua 161 giai thr i trong bo luvu:

P, =— (11)

Trong d6: C 1a hing sé 16n hon 1 va N; 1a s6
lugng cac giai phap 1an can cia giai phap tha i trong
b6 lwu. Va 1a sé giai phap nam trong kich thuée d
duoc tinh bai:

_Fmax—FmL'n (12)

Archivesize

voi, Fmax, Fmin la cac gia tri 16n nhét va nho
nhét ciia cac ham muc tiéu thu dugc sau mdi vong
tinh; Archivesize 1a kich thudc 16n nhat cho phép
cua bo luu.

4.2. Co ché chon loc

baylaco ché phén loai va lya chon ké san mdi vu ta
nhat. N6 ¢6 tac dung dinh huéng di chuyén cho nhiing
cé thé khac trong quan thé va kha nang hdi tu bi chi ph6i
boi nd. Mbi ¢4 thé sin mdi duoc chi dinh mot gia tri ham
muc tiéu co thé duge so sanh truc tiép, duogc tinh boi:

KHOA HQC - CONG NGHE

fi=N; (13)

Nhu vy, gia tri ham muc tiéu méi ctia mdi ca thé
tuong (mg véi s6 lugng giai phap 1an can. Khi do, tat
ca cac ca thé co gia tri ham muc tiéu thap nhat dugc
lra chon 1am ké sdn mdi vu tG nhat. Va dé thuc hién
viéc so sanh va lya chon ké san mdi wu tu nhét, cac
khai niém cua Pareto dugc st dung. Thudt toan
MOMPA cho phép lua chon khong chi mét ma la
nhiéu ké san mdi wu ta. Dua trén co ché nay ma tran
Elite duogc cap nhat va hinh thanh:

Xii Xi, Xia ]
X%,1 X22,1 Xzz,d
Elite=| Xf,  Xf, .. X& (14)
1 1 1
Xk+1,1 Xk+1,2 Xk+1,d
L X7y Xan T Xua

nxd

Trong d6: X1, X?,...,X™, ..., X* lakeé sin mdi vu
ta nhat dugc chon bang co ché chon loc, véi 1 <
m<k (k< kich thuéc bo luu). Giai thuit cia
MOMPA dugc cho nhu sau:

Khoi tao biy con moi Prey theo Ct. (5).

While iter < Max_iter
Tinh toan gia tri ham muc tiéu, loc tim va cap nhat
101 giai khong bi vuot trdi
If Bo luu day
Loai bo bot 101 giai trong bd luu va cap nhat
End if
Chon lua ké san moi wu tu nhit theo co ché loc.
Hinh thanh ma tran Elite theo Ct. (14).
If iter < Max_iter/3
Cép nhat Prey theo Ct. (6).
Elseif Max_iter/3 < iter < 2Max_iter/3

Cap nhat Prey bang Ct. (7) v6i i = 1,...,~

Va cip nhat Prey bing Ct. (8) voi i=>+

1,..,n
Elseif iter > 2Max_iter/3
Cap nhat Prey bang Ct. (9).
End (if)
Thuc hién luu bo luu
Trién khai FAD va cap nhat theo Ct. (10).
End while
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5. Kiém chuin
0.35
=
Bing 1. Két qud kiém chudn thudt todn o2 |:|
Ham kiém CSTK MOMPA g, =_F&a
chuéin 02r
WFG2 1) 0.1816 o1s| 0
@) 0.0111 01
WFG3 E ; ; g. (1)232 ECELELLEE
WFG4 ) 0.2321 Hinh 2. Biéu dé hp ciia IGD
@) 0.0044 -
WFGS (1) 0.2252 ;
@) 0.0033 $ et e e
WFG6 (1) 0.3027 | L
() 0.0475 2 . :=° .
WFG7 ) 0.2363 ] ey,
@) 0.0061 CT e
WFGS (1) 0.3261 b) WEG3
@) 0.0065
WFG9 (1) 02171 P T e e
@) 0.0028 A Wb,
v

1GD

d) WFG5

@ Kétquatinh
*  Gia ti tham chidu

0 100 200 300 400 500
Ilter

i i s ." 2558
Hinh 1. Gia tri IGD qua cdc vong tinh R e e ol

bé kiém chuan hiéu qua tinh toan cta thuat toan

MOMPA dugc gidi thi¢u trong bai bao nay, cac ham e) WFG6 f) WFG7
kiém chudn duoc trién khai, nhu: WFG2, WFG3, )

WFG4, WFG5, WFG6, WFEG7, WEGS va WFG9 [11].

Cac bai toan kiém chuan nay bao gdm 3 phuong trinh e Kowdim

muc tiéu can t6i wu 1a F(f) = (fi (%), (), f3(x)), N
chi tiét tham khao tai liéu [11]. Va dé danh gia dugc
két qua thu dugc tir thudt toan khi giai cic ham kiém
chuén, thong s6 IGD duoc dé xuit sir dung. Pay 1a chi N
s6 IGD cho phép danh gia chi tiét vé muc do chinh

xac cua thuat toan [12, 13]. g) WFGS8 h) WFG9
W Hinh 3. Két qud tinh so véi nghigm tham chidu ciia cdc
I1GD = =1 17) ham kiém chudn
Npr
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Trong d6: npp 1a sd 10 giai khong bi vuot troi va
d; lakhoang cach Euclid giita tap nghiém tham chiéu
va tap 101 giai Pareto tim dugc. Nhu vay, IGD do dac
sai cach t6i thiéu trung binh tir tap tham chiéu dén
diém gan nhat trong tap nghiém giai dugc [12]. Chinh
vi véy, gia tri ky vong dé minh chimg cho thuét toan
¢6 hiéu qua tinh toan manh 1a nhiing gia tri IGD thap
tiém cén dén gia tri 0 [12].

Bén canh d6, dé danh gia dugc hiéu suat trong tinh
toan cua thudt toan, cac bai toan kiém chuén s& duoc
triéu khai tinh toan voi 30 1an tinh doc 1ap. Va hai chi
s6 théng ké (CSTK) quan trong sau duoc sit dung, gdm:
(1) Gia tri trung binh - Mean va (2) D¢ 1éch chuan -
Standard Deviation (SD). Cac thong s ban dau cua
thuat toan dugc léy nhu sau: S6 luong ca thé san mdi la
100, s6 vong lap tinh tdi da 1a 500, hé s anh huong
FDA 14 0,2. Két qua kiém chuén thuat toan dugc thé
hién chi tiét trong Bang 1, Hinh 1 - Hinh 3. Trong do,
Béng 1 cho thiy gia trj ctia cac thong s6 théng ké cho
chisb IGD thong qua 30 lan tinh toan doc lap ddi véi
mdi bai toan kiém chuén. Can cir vao gia tri thu duogc
c6 thé khéng dinh rﬁng hiéu sut tinh toan cua thuét
toan dugc gidi thiéu trong nghién ctru nay (MOMPA)
1a trong dbi tot. Cac gia tri IGD thu duoc 1a thip va
chi s6 d6 16ch chuén (SD thap) ciing cho thiy thuat toan
¢6 hiéu sut lam viéc cao.

Thém vao d6, cin ctr theo Hinh 1 ¢6 thé thay thuat
toan c¢6 xu hudng dat gia tri hdi ty tuong ddi som
(trude 100 vong tinh). Piéu nay s& gitp giam thiéu
thoi gian tinh toan cho nhitng bai toan tdi uvu da muc
tiéu phic tap trong thyc té.

Hinh 4. Dim cong-xon [11]

Vi cudi ciing, trong Hinh 2 noi biéu dién biéu d6 hop
(biéu do biéu dién sy phan phdi cua tap dir liéu) cho thay
thudt toan MOMPA c6 hiéu suét 1am viéc twong déi 6n
dinh (cac khdi hop twong dbi nho hep, nhu WFG2,

KHOA HQC - CONG NGHE

WEG3, WFG4, WFG5, WFG7, WFGS8 va WFQG9).
6. T6i wu da muc tiéu két ciu

Déi v6i viée tdi wu da muc tiéu cho cac két cdu
cong trinh, trong nghién ciru nay nhom tac gia trién
khai thuat toan MOMPA dé tinh toan toi wu cho mot
s6 bai toan nhu: (1) Két cAu dam cong-x6n, xem Hinh
4 [14]; (2) Két cdu gian vom thép, xem Hinh 5 [15].
6.1. Toi wu da muc tiéu dam céong-xon

Dam coéng-x6n dugc st dung trong tinh toan nay
1a mot dm dugce lién két bang dudng han c6 két cau
cho nhu sau Hinh 4. D6i v6i bai toan t6i wu da muc
tiéu cho két ciu nay, ham t6i wu gdm hai muc tiéu: (1)
f1(x) ham tong chi phi va (2) f,(x) ham chuyén vi
dau dam:

Cuc tiéu hoa:
(fl(x) =1.10471 X x2 X x,

+0.04811 X x5 X x4 X (14 + x,) (18)
65856000

30.106 X x4 X x3

f2(x) =

Vi cac dieu kién rang budc dugc gém co:

g1(x) =1—-13600<0
g-(x) =0—30000<0
g3(x) =x; —x, <0
gs(x) =P —-6000<0
gs(x) =0125—x;, <0

0.1 <x5,x3 <10

0.125<x; <5
va: {
0.125<x, <5

Trong do: (19)

— n2 2t't” "
T= ’(T) t—tT

xZ | xp+x2
4 4

r__ P _u _MR . X2
_ﬁxlxz"[ - j'M_P(L+2)

2
]=2x(x1+x2\/§x(f—;+m))

R =

T

4
6PL

X435

Véi: T,7',7" 14 cac g sut tiép trong dam, o
1a Gmg suit phap, R ban kinh hiéu dung, M 1a mé-
men 16n nhét trong ddm, J 14 md-men quan tinh cua
tidt dién dé‘lm, P,L,xq1,x,,%3,x, 1a tai trong, chiéu
dai va cac kich thudc co ban cia dim, xem Hinh 4.
6.2. Toi wu da muc tiéu gian vom thép khong
gian

Gian vom thép khong gian dugc st dung trong
nghién ctru nay dugc cAu tao boi 120 thanh, xem Hinh
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5. Dbi v6i két cau nay, ham ti wu cua bai toan ¢ hai
muc tiéu, gom: (1) f;(x) 1a ham tong khéi lugng ctia
gian va f,(x) 1a ham bién dang cua gian.
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1500kN) va nit mau do (P = 3000kN).
6.3. Két qua tinh todn

Bing 2. Két qud kiém chudn thugt todn

N
. x) = Xi—1px;L;
Cuc tiéu hoa: {1{1( ) Z;_lp 7 (20) —
2() =u'F Két cu tbi vu CSTK 1GD

Véi diéu kién rang budc vé tmg sudt trong céc Dém cong-xon (1) 0.3919
thanh gian cho boi: 0,4, — 0, < 0. Trong d6, N = 5 0.0734
120 thanh, p = 7850kg/m’, x; va L; la tiét dién @ ;
mit cit ngang va chiéu dai ctia thanh thit j; 0,4, 12 Gian vom thép 1 0.1229
(g suat ciia cic thanh gian va o, = 400MPa la img Q) 0.0183

sut cho phép. Ngoai ra, u 1a chuyén vi cia cac dau
thanh, F 1a céc tai trong tac dung lén gian.

y(m)

Dé phuc vu tinh toan cho hai bai toan két ciu cong
trinh néu trén, cac thong s tinh toan ban dau duoc
thiét 1ap nhu sau: Tong sb ca thé sdn mdi 1a 100; dong
thoi thuat toan MOMPA van s& duoc trién khai tinh
toan 30 1an doc lap; $6 vong lap tinh toan 16n nhét cia
mdi 1an tinh toan 14 500 vong.

0.012 167

@ ®  Kétqu tinh Két quatinh
001 % *  Gia tritham chiéu 14 Gié tri tham chigu
- @ Téiuwu1 Tédi wu 1
@® Téiuwz2 12 Téiuwu2
=
x(m) E
-
| Loy o . 08
a) Hinh chiéu bang gian vom thép
06
‘ 04 ‘ L
= 0 10 20 30 40 0o 2 4 8 10

y(m)
b) Hinh chiéu khéng gian gidn vom thép
Hinh 5. Gian thép vom khong gian [12]

Trong bai toan tdi wu két cau gian vom thép can
lwu  rang toan bo khung gian ¢6 120 thanh, tuy nhién
diéu d6 khong c6 nghia tong sb bién tinh cua bai toan
14 120 bién. Thyc té trong tinh toan 120 thanh s& duoc
phan thanh cac nhom c6 tiét dién gidng nhau co vai
tro tuong tu (chiu ung suét twong duong). Trong bai
toan thiét ké t6i uu nay 120 thanh s& dugc phan lam 7
nhom thanh. Piéu d6 c6 nghia rang bai toan s& c6 7
bién tinh 0 < X;(i = 1:7) < 1, xem Hinh 5. Cc tai
trong tic dung 1én gian 1a céc tai trong thing ding
duoc dat tai cac nat gian lan luot nhu sau: Cac nut
mau den (P = 500kN), tu nat xanh 14 cdy (P =

6
1, (USD) f, (kg)

a) Dam cong-xén b) Gian vom thép

Hinh 6. Két qua tinh so véi tham chiéu

Két qua tinh toan cia hai bai toan két cdu cong
trinh truéc hét duoc thé hién théng qua thong s6 IGD
trong Bang 2 va Hinh 6. Can ct theo gia tri SD cua tri
s6 IGD dugc thé hién trong Bang 2, c6 thé thdy ring
thuat toan MOMPA c6 hiéu suét tinh toan van rat tot
(SD nho). Thém vao d6, theo két qua so sanh thé hién
trong Hinh 6, chiing ta c6 thé khang dinh rang két qua
thu duoc tir thudt toan MOMPA 1a tring khép véi két
qua tham chiéu (ca hai bai toan ti vu két cdu). Tham
chi ring két qua cua thut toan MOMPA dbi véi bai
toan dam coéng-xon ¢ xu hudng vuot qua so véi két
qué tham chiéu.

Bing 3. Két qud toi wu dim cong-xon

Két qua x1(m) Xa(m) x3(m) X4(m) f1(USD) f2(m)
Téiwu 1 0.125 6.044 10.000 0.201 2.05 0.01
Téi wu 2 1.305 0.390 10.000 5.000 35.35 0.0004
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Bing 4. Két qua toi wu gian vom thép

Kétqua x3(m?) x(m?) x3(m?)  xg(m?)  xs5(m?)  x6(m?)  x,(m?)  fi(kg) f2(m.N)
Téiwul 0.146 0.359 0.249 0.059 0.001 0.314 0.105 1.83E+04 1.61E+06
Téiwu2 0.989 0.999 0.980 0.977 1.000 1.000 1.000 1.04E+05 3.87E+05

Bén canh d6, can luu ¥ rang khac véi bai toan tbi
wu don muc tiéu luén chi c6 mot két qua ti wu duy
nhat. P61 v6i bai toan t6i wu da muc tiéu két qua toi
uu cua bai toan la mdt tdp nghiém (duoc goi la tap
nghiém Pareto). Cac nghiém trong tap nay s& cho thdy
su dbi 1ap cta cac muyc ti€u trong bai toan tdi wu da
muc tiéu. Diéu nay dugc thé hién thong qua hai kich
ban t6i vu duoc thu thap trong Bang 3 va Bang 4. Khi
muc tiéu thir nhat f; dat gia tri toi thiéu thi myc tiéu
thir hai f, s€ dat gia tri cyc dai va nguoc lai.

7. Két luan

Nghién ctru da ap dung thuat toan MOMPA d¢é giai
quyét hai bai toan tdi wu héa da muc tiéu trong linh
vuc két cdu cong trinh, bao gdm két cAu dam cong-
x6n va két cu gian vom thép khong gian. Két qua tinh
toan cho théy thuat toan MOMPA dat dugc hiéu suét
cao, voi cac gia tri chi s6 IGD thép va dd léch chuan
nho, minh chiing cho kha nang hoi tu on dinh va do
chinh xac cao cuia thuat toan.

Cu thé, dbi véi bai toan dam cong-xon, thuat toan
da dua ra cac giai phap t6i wu véi sy can bang rd rang
giita hai muc tiéu chi phi va chuyén vi dau dam, dap
g yéu cau k¥ thuat. DSi v6i bai toan gian vom thép
khong gian, MOMPA d3 téi wu hoa thanh cong khéi
luong tong thé cua gian trong khi vin dam bao giGi
han vé mg sudt va bién dang, dong thoi phan bd hop
ly cac tiét dién thanh gian. Ngoai ra, két qua phan tich
nghiém Pareto chi ra rang thuat toan c6 kha ning khai
thac tdt cac giai phap toi wu, dam bao sy can bang giita
cac muyc tiéu xung dot. MOMPA da chirng minh 1a mét
cong cu hiéu qua va manh mé& dé giai quyét cac bai
toan t6i wu hoa két ciu phuc tap, voi kha ning tng
dung rong ri trong thuc tién.

Lo1i cdm on

Nghién ctru nay duoc tai trg boi Truong Dai hoc
Hang hai Viét Nam trong dé tai ma s6: DT24-25.88.
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