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So sanh hi€u qua cia cdc thuat toan metaheuristic
cho bai todn toi wu khung thép sir dung phan tich phi tuyén
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Tom tit:

Ngay nay, thiét ké t6i wu cong trinh sir dung thuit toan metaheuristic dugc sir dung mét cach thwong xuyén hon nho
hiéu qua vuot trdi cia cac thuit toan t01 wu nay trong viéc giai quyet cac bai toan c6 d§ phirc tap cao. Nho nhirng
wu diém dé, 6 kha nhiéu thuit toan tdi wu da va dang duwgc dé xuit. Tuy nhién, tuy thudc vao dac diém cua tirng
dang bai toan tdi wu khac nhau ma hi€u qua cia thuit toan sé khac nhau. Trong bai bao nay, bai toan tdi wu cia
khung thép sir dung phan tich phi tuyén di dwoc xem xét. Bon thuét toan téi wu sir dung phd bién gin day cho dang
bai toan nay dwogc xem xét so sanh bao gdm: ban nang cip thuit toan tién héa vi phan (EpDE), ban nang cip thuat
toan toi wru va cham giira cac vat chit (ECBO), ky thuat tim kiém hai hoa (HS) va thuat toan Rao. M{t khung thep
phang 5 tang dugc ti wu véi ham muc tiéu la tong khdi lwgng va diéu kién rang budc ca vé kha nang chiu tai va ve
chuyen vi lech tang Ket qua tinh toan cho thay, thuit toan EpDE khong chi tim kiém duge két qua ti wu tot nhat

ma téc do toi wu ciing tot nhat trong bén thuit toan.

Tir khéa: khung thép, phan tich phi tuyén, thuit toAn metaheuristic, tdi wu.

Chi s6 phén loai: 2.1

Dét van dé

Két cau khung thép duoc wa chung str dung hién nay nho vao
wu diém két ciu thanh manh, kha nang chiu lyc cao, thoi gian thi
cong nhanh va c6 thé sir dung lai. Chinh sy pho bién d6 ctia khung
thép da thu hat sy quan tdm nghién ciru rong rai cla cac nha khoa
hoc, nhdm muc tiéu tang cao hon nita hiéu qua va kha nang lam
viéc cua loai két cdu nay. Cu thé, trong tinh toan khung thép, cac
k¥ thudt tinh todn hién dai st dung phan tich tryc tiép dugc ap
dung ngay cang nhiéu nhdm c6 thé mé phong chinh xéc hon nira
{mg xir thyc té cua két cau khung thép, dac biét 1a vén dé vé phi
tuyén hinh hoc va phi tuyén vat liéu [1-6]. Trong thoi dai ngay nay,
gid vat liéu thép trong xdy dung ngdy cang tang cao, do d6 huéng
nghién ctru thiét ké t6i wu cing thu hit sy quan tam rat 16n ciia
cong dong khoa hoc, nham t01 thiéu hoa chi phi xdy dung trong
khi chat lugng cong trinh van dugc dam bédo. Tuy nhién, day 1a
bai toan th1et ké o do phi tuyén cao, trong do6 cac bién dugc xem
1a cac tiét dién ngang ctia cac phan tir. Cac bién nay thuong duoc
chon 11 rac tir mot danh sach cac mat cét cho trude sao cho thoa
mién tat ca céc diéu kién rang budc vé thiét ké, dugc quy dinh trong
chc tiéu chudn va tong gia thanh hogc tong khdi lugng ctia khung
thép 1a nho nhit. Mot s6 nghién ctru dién hinh vé t0i vu khung
thép c6 thé tham khao trong céc tai liéu [7-11]. Do tinh phi tuyén
cao ctia bai toan tbi wu khung thép, thuat toan metaheuristic dugc
ua chudng str dung hon cac thuat toan t6i wu truc tiép khéc. Diém
ndi bét ciia cac thudt toan nay la tao ra sy can béng trong viéc tim
kiém céc nghiém thiét ké i wu cuc b va toan cuc, qua do co thé
tim kiém duoc thiét ké tot nhat co thé. Trén co so d6, viee xdy
dung va cai tién cac thuat toan metaheuristic hiéu qua cao cho bai
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toan toi wu khung thép dugc chu trong. Mot s thuat toan ndi bét
¢6 thé ké dén nhu: ban nang cip thuat toan toi wu va cham giita
cac vt chat (enhanced colliding bodies optimization) (ECBO) do
Kaveh va Ghazaan (2015) [12] dé xuat dua trén dinh luat vé va
cham mot chiéu giita hai vét thé trong vat 1; ban nang cép thuat
toan tién hoa vi phan (differential evaluation) (DE) do Truwong va
Kim (2018) [13] d& xuét dwa trén viéc tmg dung k§ thuat dot bién
‘DE/pbest/1°, trong d6 ca thé méi tao thanh chiu su anh hudng cua
c4 thé tot trong top p% ctia quan thé. K§ thut nay vi thé duoc dat
tén la EpDE. Ngoai ra, ki thuat tim kiém hai hoa (harmony search
- HS) cling duoc nhiéu nha khoa hoc st dung do dac tinh cu tao
cua giai thuat nay rat phi hop cho bai toan toi wu voi bién roi rac
nhur t6i wu khung thép [14]. Thudt toan Rao [15], mt trong nhimg
thuat toan metaheuristic méi nhat hién nay, ciing 1a mot lya chon
thi vi. Bac diém cua thudt toan ndy la don gian trong ap dung, yéu
cau rat it tham so hé thong nhung t6 ra kha hi¢u qua trong nhidu
dang bai toan t61 wu hoa khac nhau [15-17].

Nhu di dé cap 6 trén, bai toan toi wu khung thép phi tuyén
la mot bai toan phirc tap. Do d6, viéc lya chon duge mot thuat
toan phu hop 1a rit quan trong. Trong bai bao nay, bon thudt toan
metaheuristic EpDE, ECBO, HS va Rao s€ dugc so sanh kha nang
cia chung trong viée tdi wu hoa khung thép. Ham t5i wu 1a tong
khoi luong ctia khung thép, trong khi didu kién rang budc bao gom
diéu kién vé kha nang chiu tai theo trang thai gigi han cuong do
va khong ché vé chuyén vi theo trang thai gii han sir dung. Mot
khung thép phing 5 ting véi 15 bién thiét ké dugc xem xét dé so
sanh, danh gid hi¢u qua cua céac thudt toan t6i wu nay.
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Abstract:

Nowadays, structural optimisation using metaheuristic
algorithms has been widely used because of the significant
benefit of these algorithms in solving highly complicated
problems. With the same advantages, many optimisation
algorithms have been proposed. However, depending on
the characteristics of each optimisation problem type,
the algorithm shows different performance. In this paper,
the optimisation of steel frames using nonlinear inelastic
analysis is considered. The performance of four recent
metaheuristic algorithms, including the efficient pbest
differential evolutionary (EpDE) algorithm, the enhanced
colliding bodies optimisation (ECBO), harmonic search
(HS), and Rao algorithms, for this optimisation problem,
is compared. A 5x5 planar steel frame is optimised where
the objective function is the total weight of the structure
and the constraints include both load-carrying capacity
and displacement requirements. The results showed that
the EpDE algorithm found the best optimal results and
had the best converged speed.

Keywords: metaheuristic algorithms, nonlinear inelastic
analysis, optimisation, steel frame.

Classification number: 2.1

Thiét 1ap bai tean t6i uu khung thép sif dung phan tich phi
tuyén

Déi voi cac bai toan toi wu két cu khung thép ludn mang tinh
thuc t€ va phi tuyén cao do cac tng xt phi tuyén vé hinh hoc, vat
li¢u va tinh khong lién tuc cta bien thiét ké.

Mot s6 nghién ciru gan day [9, 10, 14] vé t0i uu hoa ket cau
thép str dung phan tich phi tuyén dé moé ta chinh xac hon vé g
xtr cua khung thép da duoc cong bd. Cong thire ti wu hoa cac két
cdu ny da duoc trinh bay trong tai liéu [9] thong qua t6i thiéu hoa
ham s6 W(X) trong cong thirc (1) véi cac diéu kién rang budc ¢
cong thirc (2). Thong thudng, diéu kién rang budc vé hinh hoc la
kich thudc cua cac tiét dién cot, dim cia khung thép. Dé don gian
héa, ham phat ¢ cong thire (3) duoc st dung dé chuyén tir bai toan
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toi uu co dicu kién rang budc thanh céac bai toan toi uu khong co
dieu kién rang bugc [9].

(X):lzr:plA,L[ (1

| -1<0 (2

i
Noongr Nengi Nonice

Wun(X): 1+ Z AP+ zl: am,;ﬂz,/ + kz:, a’m.vp,xﬂz,A XW(X)
= = =

4l
]

Trong d6: p, L, 4 lan lugt 13 khdi lugng riéng, chiéu dai va dién
tich tiét dién ctia phan tir két céu ila sé thar tu ciia cac phan tir
két cdu, /= L...,N,, la s6 thur tu tang, =Les Nyppen VA
k=1,.,N_... tuong tmg véi to hop tai trong theo gidi han
cuong do va theo didu kién chuyén vi; constr,, 13 gia tri twong
{mg véi diéu kién rang budc vé cu tao thu m; [4] la tap hop cac
tiét dién ctia phén tir két cau; d il 1a chuyén vi léch tang, o 1a
chuyen vi 1éch ting giéi han; LF = R/S 12 hé s6 chiu tai tdi da cia
két cau, 1a ty 1¢ giita kha ndng chiu tai cia cong trinh (R) va hiéu
{mg do tai trong gy ra (S). Nham dat duoc muyc dich dé céc ca thé
vi pham diéu kién rang bugc s ty dong bi loai bo dan trong qua
trinh tdi wu, cac hé s phat consgr.m » Agyyej V2 Agisp. can dugc
chon véi gia tri di 1on. Cac hé so phat trong bai bao nay dugc lay
bang 10,000.

1—constr, <0 ; I—LF/. <0 ;4 C[A]i;

3)

B = max(l—constrm,O);ﬂzJ = max(l—LF,,O);ﬁl,( = imax

I1=1

Ung dung cdc thuat toan metaheuristic trong bai toan t6i uu
khung thép phi tuyen

Thudt todn toi wu ECBO

Thuét to4n ECBO duoc Kaveh va Ghazaan (2015) [12] d& xuét
dya trén thuat toan tdi wu va cham gilta cac vat chét (colliding
bodies optimization) (CBO) [18]. Cac ni dung co ban cua thuat
toan ECBO nhur sau:

- Tuong tmg voi mdi ca thé, gia tri khdi lugng tuong tmg duge
gan vdi nd va duge xdc dinh theo cong thuc:

)

Trong do, fit (i) 1a gid tri ham muc tiéu cua ca thé thir i va n 1a s6
lugng céc thé trong quan thé. Dé lya chon cap doi ca thé muc tidu,
quén thé s& duoc chia thanh 2 tap (tdp dimg yén va tap chuyén dong).

- Van tdc ciia c4 thé trong tap dung yén trudc khi va cham s&
bing 0 v ciia tap chuyén dong hudng vé ca thé trong tap dimg
yén la:

v =0, i=12.,2
2

©)

. n .n
v=x —Xx, i=—+1L,—+2,..,n
2 2
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Trong dé, x, 1a toa df ciia ¢4 thé thir .

- Sau va cham, van toc cua cdc ca thé moi trong moi nhom
duoc tinh nhu sau:

m,+em
i+—
v'=|————2|xv ,, i=12,.,
m;+m ”E
) : (6)
—&em
v'= 2 |xv, 1—£+1,n+2,. N
m,+m 2
Trong do, hé so thay doi e dugc xac dinh nhu sau:
el iter (7)

iter.

Vi, iter 1a gid tri vong 1ap hién tai va iter__ 1a tong sb vong lap
dugc dinh nghia trude cho chuong trinh toi wu.

- Vi tri méi cla cac ca thé trong tap dimg yén va tap di dong
duoc xac dinh nhu sau:

new

X" =x+randv,', i=12,..,

NS

(®)

X =x , +randv,',
i

2

‘=—+1 +2
2 2

Trong d6, rand 1a vec-to dugc tao ngau nhién trong doan [-1,1].

- Nham loai bo V%éC bi hoi tu cuc bd, hé s6 Pro trongNkhoéng
(0,1) dugc str dupg deé xem xét xem liéu mot hang tir & moi cé thé
d6 c6 bi thay thé hay khong. Néu rand<Pro, vdi rand la mot gia
tr tao ngau nhién trong doan (0,1), mot hang tir chon ngau nhién
trong cd thé thir i (x) s€ dugc thay the theo cong thirc sau:

X=X 0t random(xj‘maX =X, i ), i=12,..,n )
Trong do, X, 1a hang tir thir j cua x;; X WVAX, . la gié tri can trén
va dudi tucmg ung cta nd. Luu y rang, ch1 1 hang tir trong ca thé

duoc xem xét thay doi.
Thuat toan HS

HS dugc dé xuat boi Geem va cs (2001) [19] dua trén qué trinh
sang tao nghé thuat cua cdc nhac si. Noi dung co ban ctia HS gom
cac budc sau:

Bue 1: xay dyng ma trin HM gom HMS ca thé duoc tao ra
mot cach ngau nhién va duoc sip xép lai mot cach ting dan tir c4
thé tot nhét (co gia tri ham muc tiéu nho nhat) ding dau, dén ca
thé kém nhat (c6 gi4 tri ham muc tiéu 16n nhit) dimg dudi cung:

1 1 1 1 1 1
X Y Z X X,y Y.L g
2 2 2 2 2 2 2 2 2
HM = X r z s - % o I g (10)
XIIMS YIIMS ZIIMS XIHMS . x:'IMS 1I'IMS e y’:iMS ZIHMS e Z/H.’US

C.(x\r.zh<c, (x'.r.z)<

Trong do, C |
budc.

< C,,L.,, (XHMS’YH&!Y’ZH'Lij)

la gid tri ham muyc tiéu co xét dén diéu ki¢n rang
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Budc 2: mot ca thé tiém ning X = x5, ) dugc tao ra thong
qua qua trinh gom 3 bugc: (1) can nhic bo nh(y [®) dleu chinh
va (3) lya chon ngdu nhién. Dau tién, dbi v6i X, néu mot s ngau
nhién randl trong doan (0, 1) ¢6 gid tri nho hon HMCR(x;) thix,
dugc lya chon ngiu nhién tir cac gia tri }.1 ,...,x,,HMS} cua HM.
Khi do, chung ta budc qua budc ther 2. Néu mét s6 ngau nhién
rand2 trong khoang (0,1) c6 gia tri nho hon PAR(x)) thi x, dugc ap
dung k¥ thuat diéu chinh theo cong thirc sau:

. |x +randint(1,3) khi (rand < 0,5)
x =9
" | x, —randint(1,3) khi (rand >0,5)

(11)

Trong d6: rand int(1,3) la s6 tu nhién ngdu nhién trong doan [1,3]
va rand la s0 ngau nhién trong khoang (0,1).

Trong truong hop rand1>yHMCR(xlf) thi k¥ thudt ngau nhién
s¢ dugc st dung, trong d6 X, s€ dugc tao mdi trong khoang gia
tri da cho cua no.

Cac gia tri HMCR(x,) va PAR(x,) dugc xac dinh theo cong
thirc sau [14]:

-

HMCR(x;) :(1+ﬂ xp(—}/N(O,l)))

-1

. 1— PAR(Iter)
PAR = l+— -yN (0,1

(x) [ PAR(lter,,) (- N( ))]

V&i: PAR(current iteration) = PAR min+ 1t1 x(PARmax~PARmin)  (13)
er

xxx

va y € [0 25;0,50] 1a mot gia tri cho truéc; HM 1a ma tran chira
HMS cé the trong thuat toan HS; HMCR, PARmax va PARmin la
cac thong s hé théng duoc ngudi dung chon trude.

Bude 3:néu X' = (x ¢6 gia tri ham myc tiéu tot hon ca
thé kém nhat trong quan the thl nd s€ thay the vi tri ciia ca thé kém
nhét. Thir tu trong quan thé s& duoc sip xép lai theo thir tr ham
muc tiéu ting dan.

Thudt toan EpDE

Thuét toan EpDE duoc Truong va Kim (2018) [13] dé xuét dya
trén thudt toan tién hoa vi phan (DE) do Storn va Price (1997) [20]
dua ra. Piém khac nhau cin ban trong EpDE 14 viée sir dung k¥
thuat dot bién ‘DE/pbest/1”, trong d6 c4 thé tiém ning U s& duogc
xac dinh dya theo cong thirc:

U =X, +Fx(X,-X,) (14)
Trong do, X e la ca the dugc lya chon ngau nhién trong top
100p% (plO, 1]) cé thé 5t nhit cua quan thé. Gia tri p duoc xac
dinh theo cong thurc:

_pu kL
Iter,, 1

Vi k chi vong lap thir k ctia qué trinh t6i wu; D 14 s6 lugng ca thé
trong quan thé; A va B 1a 2 tham sb duoc cho trude. Trong cong
thirc (15), gid tri p s& 16n nhat bang A tai vong ldp dau tién va
nho dan khi s6 vong ldp tang 1én. Di€u ndy c6 nghia la, trong giai
doan dau khi quan thé con phén tan cao, chuong trinh tdi uu cé xu

pbest

p(k):AxD[ (15)



huéng kham pha trong quan thé nhdm tim kiém céc khu vue tiém
nang. Trong giai doan sau, gid tri p giam dan va chuong trinh c6
xu huong sur dung s6 luong it dan céc cd thé tt nhat trong quan
thé nham tang toc do hoi tu cua quan thé. Mot diém cai tién khac
trong EpDE so v6i thudt toan DE 1a hé s dot bién F duogc lay bang
0,7 va hé s lai tao CR nhan gi4 tri ngau nhién trong khoang (0,1).

Thudt todn t6i wu Rao

Thuat toan ti vu Rao duge giao su Rao (nguoi An Do) dé xuét
nam 2020 [15] véi 4 k§ thuat dot bién, dan dén c6 4 thuat toan ti
uu Rao khac nhau Rao-1, Rao-2, Rao-3 va Rao-4. Nguoi st dung
c6 thé ty lya chon thuat toan hiéu qua nhat d6i voi moi bai toan toi
wu. Cach thire tim kiém thiét ké i wu st dung thuat toan Rao phu
thudc vao cac ca thé tot nhat va kém nhat trong quan thé hién tai va
cdc tuong tac ngau nhién glu’a cac ca thé. Gia thiét rang, tai vong
lap bét ky nao do, cd thé co gia tri ham muc tiéu tot nhat va kém
nhat trong quan thé ky hiéu tuong g la Ty va y, . Nhu vy, tuong
{mg voi ca thé thu k (7,), mot ca thé tiém ning méi 7, dugc tao ra
dyatrén | trong 4 k¥ thuat dot bién co ban Rao-1, Rao 2,Rao-3 va
Rao-4 tuong ung vai cac cong thirc (16-19) [15].

Ve = Ve 410 = y) (16)
Ve =Vt =) (v =1, D) (17)
Ve =+ =D+ (3 =13, ) (18)

=03 0300, )40y 3 )0, -,) - (19)

Trong do, y, 1a mot cd the ngiu nhién cia quan thé; r,ry I var,
1 cac vée-to s6 thue ngau nhién trong khoang [0,1] cua vong t1en
héa hién tai; =1 khi ham muc tiéu cua y, la tot hon so véi cua 7,
va ¢= -1 khi ham muc tiéu cua y, 1a tot hon so véi ciia Ve Néu ham
muc tiéu cta Vi tot hon cta Ve n6 s& dugc lya chon thay thé cho vi

tri cua y, trong quan thé moi.

Tir cac cong thirc (16-19) co thé thay ring k¥ thuat dot bién
dugc str dung trong thudt toan Rao chi dua trén cac gia tri ham muc
tiéu ciia cac c4 thé trong quan thé. Hay noi cach khac 1a n6 khong
yéu cau mot tham sb hé thong nao. Diéu nay cho thay, thudt toan
Rao kha don gian va dé sir dung.

Trong phan nay, khung thép phang 5 tang dwoc toi wu nhiam
so sanh, danh gia hiéu qua cta cac thudt toan trén. Ham muc
tiéu 1a tong khdi luong cua khung. Céc bién thiét ké 1a tiét dién
cia cac phan tr dam va cot. Tap hop céc tiét dién dé thiét ké
dam 1a 267 tiét dién tir W10 dén W44 trong thu vién tiét dién
W cta AISC [21]. Con tiét dién dé thiét ké cho cot 1a 158 tiét
dién W12, W14, W18, W21, W24 va W27. Mot t6 hop cuong
do duoc xem xét 14 (1,2DL +1,6LL) vi mdt t6 hop st dung 1a
(LODL+0,7W +0,5LL), trong d6 DL la tai trong ban thén,
LL 1a hoat tai va W la tai trong gio. Cac to hop tai trong duoc xét
dén trong bai toan dua theo tiéu chuan AISC-LRED cta My [21].
Déi vé6i t6 hop cuong do, didu kién an toan cta cong trinh thé hién
qua viéc LF>1,0. Con ddi vé6i t hop sir dung, didu kién an toan
ctia cong trinh dugc thoa man khi chuyén vi léch tang 1n nhat ctia
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cong trinh khong vuot qua gioi han ciia n6 duoc lay bing h/400
v6i h 13 chiéu cao ting. Vat liéu thép 1a thép A992 vdi cudng do
chay F =344,7 (Mpa) va mo-dun dan hdi E=200 (Gpa). Bé wéc
lugng hanh vi phi tuyén tinh phi dan hdi cua khung thép, phan
mém PAAP dugc st dung. Chi tiét cach 1ap trinh PAAP duoc thé
hién trong tai lidu [1]. Cac thong sd chi tiét cho timg thudt toan
dugc trinh bay trong bang 1. Luu y rang, cac tham s6 duoc lya
chon dya trén céc khuyén nghi trong cac tai li¢u [7-9].

Bang 1. Théng sb ciia thuét toén tbi wu sir dung.

Théng s6 thuit toan

EpDE Sb c4 thé trong quén thé D=25
Iter  =4000
AT 0 B=1,0

F=0,7; CR=Rand(0, 1)

ECBO D=20
Iter, =5000
CM=2

Pro=0,3

HS D=50
HMCR=0,8
PAR=0,4
Tter,_ =100000

Rao D=25
Iter, =4000

Rao-2

Hinh 1 trinh bay so d6 hinh hoc cua khung thép 5 ting. D9 léch
ban dau cua cot dugce ldy bang 1/500 dé xét dén tinh khong hoan
hao ciia cong trinh. Céc cot cia khung dugc chia thanh 9 bién thiét
ké va cac dam duoc chia thanh 6 bién thiét ké. Tai trong tinh tai
ban than DL va hoat tai LL 13 tai trong phan bé déu trén dam co gia
tri 1an luot bang 35 va 25 (kN/m). Tai trong gié W tac dung theo
phuong ngang dugc quy thanh cac tai trong tap trung dat tai cac
nit khung nhu trong hinh 1. Gia trj tai trong gi6 1a 28 (kN).

w DL, LL DL,LL DL, LL DL,LL DL,LL
12 12 15 12 [F]

w DL, LL DL,LL DL,LL DL,LL DL,LL
11 1 14 n 1

DL,LL DL.LL DL,LL DL.LL
11 11 14 11 [T

Sx36m=180m

DL,LL DL,LL DL,LL DL, LL
10 10 13 10 10

DL,LL DL,LL DL,LL DL,LL
10 10 13 _ 10 4 0]

4 7
! Zi'sou Z: 500 Zi 500 Z’| 500 ZL-'soo
P - -t . - .
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Hinh 1. Khung thép phéng 5 tAng (DL=55 (kN/m); LL=25 (kN/m); W=28 (kN)).
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)

Két qua t6i wu tot nhat tim dugc bang cach st dung 4 thudt toan
duoc trinh bay trong bang 2. Trong bang 2, diéu kién vé cuong do
la ty 1¢ gitra kha nang chiu tai ctia khung thep va ap lyc do tai trong
gdy ra tinh theo t6 hop (1 2DL+1,6 LL) va diéu kién vé st r dung la
ty 1¢ ctia chuyén vi léch tang lon nhét va h/400 tinh theo t0 hop st
dung 1a (1,0DL+0,7W +0,5LL).] biéu nay nghia la khung khong
vi pham diéu kién rang budc khi diéu kién vé cudng do khong nho
hon 1,0 va diéu kién vé chuyén vi khong 16n hon 1,0. Dya vao ket
qua bang 2, thudt toan EpDE tim kiém duoc két qua thlet ké toi
uu khung tot nhét trong bon thudt toan véi khdi lugng t0i wu chi
14 13753 (kg). Thudt toan ECBO cho két qua kém nhat voi 14566
(kg), con 2 thuat toan HS va Rao twong dwong nhau véi khdi lugng
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t6i wu tim dugc 1an lugt 1a 14204 va 14213 (kg). Ca 4 thuat todn
déu tim kiém duogc thict ke toi wu khong vi pham diéu kién rang
budc nao, hay noi cach khac la thiét ke toi uu co hi¢u qua su dung.

Bing 2. Két qua tbi wu.

Noi dung EpDE ECBO HS Rao
Khéi lwong t6i wru ciia khung (kg) 13753 14566 14204 14213
Bién thiét ké 1 WI2x19  WI2x26  WI2x19  WI2x19
Bién thiét ké 2 Wi2x19  WI2x19  WI2x16  WI2x14
Bién thiét ké 3 Wi2x16  WI2x16  WI2x22  WI2x16
Bién thiét ké 4 W14x38  W21x44  WI18x40  WI18x40
Bién thiét ké 5 WI2x26  WI2x22  WI2x22  WI2x26
Bién thiét ké 6 Wi2x14  WI2x14  WI2x14  WI2x16
Bién thiét ké 7 W24x55  W21x62  W24x55  W21x57
Bién thiét ké 8 W21x44  W21x48  W2Ix44  Wl14x43
Bién thiét ké 9 WI8x35  WI2x45  WI14x38  WI8x40
Bién thiét ké 10 WI16x26  WI16x26  WI16x26  WI16x26
Bién thiét ké 11 W14x22  WI14x22  WI16x26  WI16x26
Bién thiét ké 12 WI16x26  WI16x31  WI14x26  WI12x30
Bién thiét ké 13 W21x55  W21x50  W24x55  W21x55
Bién thiét ké 14 W21x50  W21x55  W2Ix50  W21x50
Bién thiét ké 15 W24x55  W24x62  WI8x65  W21x57
Xét didu kién cuong do 1,0001 1,0102 1,0055 1,0019
Xét didu kién chuyén vi 0,6619 0,6334 0,6201 0,6917

Hinh 2 trinh bay duong cong hoi tu qua trinh t0i wu cua 4 thuat
toan. Két qua cho thiy, EpDE c6 toc d6 tot hon han so v6i 3 thuat
toan con lai. ECBO ciing c6 tdc d6 hoi tu kha tdt lac ban dau. Tuy
nhién, thuat toan nay cho thay kha nang tim kiém thiét ké tdi uu vé
sau khong tot bang 3 thuat todn con lai. HS va Rao c6 tbe do ti wu
kh twong dong. Két qua nay cho thiy, EpDE ¢6 thé sir dung hiéu
qué trong ca trudng hop s6 vong lap 1a it va nhicu.
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15000

Khdi lwong khung thép c6 xét vi pham (kg)

14000

13000 T T T
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50000
Hinh 2. Pudng cong hdi tu qua trinh ti wu.
Ket luan

Bai bao trinh bay so sanh vé hiéu qua cua cac thuat toan toi
wu metaheuristic manh hién nay cho bai toan toi wu khung thép
str dung phan tich phi tuyén tinh phi dan hdi. Bon thuat toan duoc
xem xét 13 EpDE, ECBO, HS va Rao. Ham t5i wu 1a tong khoi
luong cua khung thép. Diéu kién rang budc bao gdm diéu kién vé
kha ning chiu tai theo trang thai giéi han cudng do va khdng ché
chuyén vi theo trang thdi gioi han sir dung. Phan tich phi tuyén
tinh phi dan hoi duoc sir dung dé tinh ton img xtr cia khung thép,
phuc vu cho viéc danh gia sy vi pham cua khung thép véi cac dicu
kién rang budc. Két qua tdi wvu mot khung thép phing 5 tang véi
15 bién thiét ké cho thdy két qua ti wu tim duoc cua 4 thudt toan
déu hiéu qua khi khong vi pham bét cir diéu kién rang budc nao.

TAP CHI

HOA HOC

ONG NGHE /It Nam 63(6) 6.2021

Do d6, ching déu c¢6 thé dugc sir dung dé giai quyét cac bai toan
t61 wu khung thép. Tuy nhién, thudt todn EpDE khong chi tim kiém
duoc két qua toi wu tot nhat ma toc do toi wu ciing tot nhat trong
bon thuat toan. Két qua toi wu cua thudt todn ECBO la kém nhat
trong 4 thudt toan.
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