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Tém tit:

Cac thuit toan tdi wu metaheuristic ngay cﬁng dwgrc sir dung réng rai trong thiét ké cong trinh nho kha nﬁng vuot
troi ciia chung trong viéc tim kiém cac thiét ké tdi wu toan cuc. vé mat ly thuyet cac thuat toan nay rit manh va
mang tinh tong quat cao, cé thé ap dung trong moi dang bai toan tbi wu. Tuy nhién, trén thuc té, hiéu suét ciia cic
thuit toan nay phu thugc vao dac diém ciia tirng 16p bai toan. Thém vao do, tinh phirc tap ciia thuit toan ciing la
mot yeu to quan trong anh huéng dén kha nang ap dung chiing trong cac bai toan thiét ké cu thé. Trong bai bao
nay, thuat todn tdi wu Rao, mt trong nhirng thuit toan metaheuristic méi nhit, dwgc trinh bay cho bai toan tdi wvu
két ciu Khung thép. Uu diém ciia thuat toan Rao la kha don glan (véi rit it tham so) nén cac ky sw co thé dé dang
uing dung trong cong Vlec thiét ké hang ngay. Phén tich ph1 tuyén tinh phi dan hdi dwoc sir dung dé xét dén cac ing
xir phi tuyen ciia két cAu thép. Khung thep khong gian 2 tang dwgce sir dung ('Ie minh hoa cho nghién ctru. Két qua
thu dwgc cho thiy Rao-1 c6 tinh 6n dinh tot h0’n, hdi tu nhanh hon nhung dé mic vao cuc bj dia ph1r0’ng hon so véi
Rao-2 va Rao-4. Rao-4 cho kha ning tim kiém t6i wu toan cuc tot hon nhung tinh 6 on dinh lai kém nhit.

Tir khéa: khung thép, phén tich phi tuyén tinh phi dan hdi, thuit toin Rao, tdi wu.
Chi 56 phin logi: 2.1

toan t6i wu hoa phirc tap trong moi linh vye. Uu diém ndi
bat ctia cac thuat toan nay 1a kha ning két hop hai hoa giira
viéc tim kiém cuc bd va tim kiém toan cuc dé tim nghiém
tdi wu tdt nhat. Mot sb thuét toan metaheuristic quen thudc
¢6 thé ké dén nhu: tim kiém hai hoa (Harmony Search) (HS)
[1], tién hoa vi phan (Differential Evolution) (DE) [2], thuét
toan di truyén (Genetic Algorithm) (GA) [3]... Tuy nhién,
d6i voi mot hodc mot nhom van dé tdi wu cu thé, hidu qua
cua mot thuat toan metaheuristic 1a khac nhau. Do d6, viéc
danh gia tinh hi€u qua cua mét thudt toan metaheuristic véi
mot loai bai toan tdi uu hoa cu thé 1a diéu can thiét dé cung
cép thong tin quan trong cho ngudi dung phuc vu cho cong
viéc cua ho. Cac thudt toan metaheuristic thuong can diéu
chinh cac tham sb diéu khién dé dat dugc hiéu qua, do do
viée g dung trong t6i wu két cau thuc té dang con han ché.

Két cdu thép duoc sir dung rong rii cho cac cong trinh
dan dung va cong nghiép hién nay nho kha nang chiu luc
t6t, da dang vé hinh dang, kich thudc, trong d6, khung thép
1a mot trong nhitng két cdu dién hinh, thuong duoc str dung
trong xay dung. Bén canh do, trong nhiing nam g?m day,
nho sy phat trién nhanh chong ctia cong nghé tinh toan, viéc
g dung cac thudt toan t6i wu vao thiét ké cong trinh ngay
cang nhan dugc sy quan tam 16n cua cac nha khoa hoc trén
thé gidi va Viét Nam. Thiét ké t6i uu két ciu cong trinh gitp
t6i da hoa loi ich vé vat lidu va gia thanh, ma van dam bao
an toan cho cong trinh xdy dung. Tong gia thanh hoic khbi
luong cua cong trinh thuong dugce luya chon 1a ham muc tiéu
dé t6i thiéu hoa trong qua trinh tdi wu v6i nhiéu diéu kién
rang budc kém theo vé cudng do va vé sir dung ddi voi cac
bai toan toi wu két cau khung thép. Tiét dién cua céc cau
kién dam va cot thuong dugc chon 1a cac bién thiét ké trong
cac bai toan toi wu nay.

Thuat todan Rao la mét trong nhiing thudt toan
metaheuristic kha m¢i, duoc gioi thiéu vao nam 2020 va
dat tén theo gido su Rao (ngudi An Do) [4 ]. Uu diém cua

Tuy nhién do phtc tap ctia cac bai toan t6i wu hoa ngay
cang cao, khién cac thuat toan toi wu hoa thong thuong
khong con phi hop. Pa s6 céc bai toan i wu cac két cau
trong xay dung déu kha phuc tap, do c6 tinh phi tuyén cao,
da diém cuc tri va da chiéu. Vi Vay, thuét todn metaheuristic
da dugc chimg minh 1a cach tiép can t6t nhat dé giai cac bai
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thuat toan Rao la rat don glan vi yéu cau rat it tham so, bao
gdm céc ca thé kém nhat, tot nhat va ngau nhién trong quan
thé. Mic du don gian nhung thuat toan Rao kha hiéu qua
trong nhiéu dang bai toan tdi wu hoa khac nhau [5-7]. Trong
nghién ctru ciia minh, Rao da dé xuit 4 k¥ thuat dot bién
khéc nhau, dan dén c6 4 thuét toan tdi wu Rao khac nhau.
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Abstract:

Metaheuristic optimisation algorithms have been
increasingly used because of their superior ability to
find globally optimal solutions. Theoretically, these
algorithms are very powerful and can be applied in
all types of optimisation problems. However, in reality,
their performance depends on the characteristics
of each optimisation problem class. In addition, the
complexity of an algorithm is an important factor
affecting its application in specific design problems. In
this paper, the Rao optimisation algorithm, one of the
newest metaheuristic algorithms, is presented for the
optimisation algorithm of steel frame structures. The
advantage of the Rao algorithm is that it is quite simple
with few parameters, so engineers can easily apply it in
daily design tasks. A nonlinear inelastic analysis is used
to consider the nonlinear behaviors of the steel structure.
A two-story space steel frame is studied. The results show
that Rao-1 is more stable and converged more quickly
but easily trapped in local solutions than Rao-2 and Rao-
4. Rao-4 is more efficient in global search but its stability
is less than other algorithms.

Keywords: nonlinear inelastic analysis, optimisation,
Rao algorithm, steel frame.
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Tuy vao bai toan tdi wu cu thé, nguoi s dung co thé tu lua
chon thuat toan hi¢u qua nhat. Bén canh do, trong nghién
cuu cua minh, Rao maéi gioi han viée danh gia hi¢u qua cua
thudt toan Rao trong cac ham toan hoc.

Hién nay, (mg dung ctia thuat toan Rao trong t6i uru hoa
két cau cong trinh chwa dugc nghién ciu ddy du. Trong
nghién clru nay, ching t6i s€ gidi thiéu va ap dung thuét
toan Rao dé t6i uu hoa két cdu khung thép phi tuyén, von
duoc coi 1a mot bai toan tdi wu mang tinh thuc té va phi
tuyén cao, do cac tmg xur phi tuyén hinh hoc va vét liéu
ctia két cau, tinh khong lién tuc cta bién thiét ké. Dé chung
minh hiéu qua cua phuong phap dé xuit, mot khung thép
khong gian hai tang dugc nghién ctru.

Thiét 1ap bai tean toi uu khung thép sif dung phan tich phi
tuyén tinh phi dan hoi

Ung xir thuc té ciia két cdu thép dudi tac dung cua tai
trong 14 phi tuyén, do cac tmg xir phi tuyén hinh hoc ctia két
céu va phi dan hdi cua vat liéu thép. Vi vdy, dé phan anh
chinh xac hon mg xir ctia két cau thép, mot s6 cong trinh t6i
wu hoa két cdu thép str dung phén tich phi tuyén tinh phi dan
hoi dd duoc cong bd trong nhitng nam gan day [8-10]. T6i
uu hoa khung thép bang cach sir dung phén tich phi tuyén
tinh phi dan hdi duoc miéu ta nhu sau [1]:

To61i thi€u hdéa ham:

W(X):ZN:pl.AiL,. (M

Chiu diéu kién rang budc:

l-constr, <0 m=L..,N_,..
1_LF/ <0 ] = 1""’Nvtrength
2
i .
——1<0 k=L..,N s/ =L...Ng,
1|
acl4]

Trong d6 i, j va k lan luot 1a sé thir tu ctia cac phan tir két
cAu va td hop tai trong theo gidi han cuong dd va st dung; p
1a khéi lwong riéng cua vat lidu; L va 4 1a chidu dai va dién
tich tiét dién cua phan tir két clu; constr, 1a gid tri twong
(g véi diéu kién rang budc vé cau tao thtr m; [A] 13 tap hop
cac tiét dién dugc st dung cua bién thiét ké (la tiét dién cua
phan tir két cdu); X = (x,, x,,....x, ) la vec-to bién thiét ké voi
x la sb thu tu cua loai tiét dién duogc sur dung trong tap hop
tiét dién da cho; A , va hi la chuyén vi 1&ch tﬁng va gia tri
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gidi han ctia n6; LF = R/S - hé s6 chiu tai tdi da cua két cau,
la ty 1¢ gifra kha nang chiu tai cuia cong trinh (R) va hi¢u trng
do tai trong gay ra (9S).

Céc rang bugc ve cau tao hinh hoc thudng la cac yéu cau
ve kich thude chiéu rdng cua cdt va dam, chiéu rong cua cot
bén dudi va cdt bén trén [1].

Dé c6 thé ap dung cac thuat toan metaheuristic, bai toan
t6i wru c6 diéu kién rang budc dugc trinh bay trong cong
thirc (1) phai dwoc chuyén dbi thanh bai toan ti wu khong
c6 diéu kién rang budc. Pé thuc hién van dé nay, mot cach
don gian nhat 1 sir dung phuong phap ham phat dugc trinh
bay trong cong thuc (3):

“\"x onstr N strength AV,m jice
w, (X) = [1 + z Leonsir B + z as/y,jﬂl,/ + z adixp,kﬂS,lt ]X W(X)
el =] =]

B, = max (1-constr, ,0); 3, —max(l—LF],O);ﬂM —imax[zj‘/—l,o]
=1 (7

3)
Trong d6, o, ... @ - vaa,  lacaché sO phat. Cac hé sb
nay dugc lua chon véi gia trl du 16n nhdm dam bao ring, cac
cé thé vi pham diéu kién rang bugc s& tu dong bi loai bd dan
trong qua trinh toi wu. Trong nghién ctru ndy, cac hé sb phat
dugc lay bang 10,000.

Ung dung thuat toan Rao trong bai toan tdi uu khung thép
phi tuyén
Thudt todn t6i wu Rao

Thuat toan t6i wu Rao duqc dé xuét vao nam 2020 va dat
tén theo gido su Rao (ngudi An Do) véi 4 ky thuat dot bien
co ban nhu sau [5]:

Rao-1: X; =X; +n '(Xbest _Xworst) “
Rao-2: X, =% +1 - (X ~ Xy ) 45 -d (% =[x, ) (5)
Rao-3: x; =X; +1 (X = | Xy N+ 1, -d (1%, |-X;) (6)
Rao-4: X;’:Xi +rl'(xbesl worst )+05 h: ( worst )H} (Xbes( ) ( worst ) (7)

Trong d6 x, 1a ca thé thu i trong quan thé hién tai; Xlz . va
x . tuong unglaca thé t6t nhat va kém nhat trong quan thé
hién tai; X, 1a mot cac thé ngau nhién ctia quan thé; r N
var,la cac véc-to s6 thuc ngiu nhlen trong khoang [0, 1]
cua vong tién hoa hién tai; =1 néu ham muc tiéu cua X, la
t6t hon 0 voi cua X, Nguoc lai thi d=-1. Néu héﬂ} muc tiéu
cua x, tot hon cta x, n6 s€ dugc lya chon thay the cho vi tri

cua x, trong quan th¢ mai.

Téi wu khung thép phi tuyén sir dung thudt todn toi
wu Rao

Dua trén thuat toan Rao, bai toan ti uu khung thép su
dung phén tich phi tuyén tinh phi dan hoi trinh bay trong
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cong thice (3) duoc xay dung véi cac bude chinh nhu sau:

Buée 1: thiét 1ap bai toan tdi wu. Trong budc nay, diéu
quan trong nhét 13 thiét 1ap duoc cong thic t6i wu khong co
diéu klen rang budc dugc trinh bay trong cong thuc (3). Cac
thong sé vé bién thiét ké, tap thiét ké twong ung, thong s6
cua thuat toan Rao cling dugc xac dinh. Luu y rang, ddi véi
thuat toan Rao, chi c6 2 thong sb co ban can xac dinh 1a: sb
luong ca thé trong quan thé (NP) va sb vong tién hoa tdi da
cho chuong trinh t6i wvu (MaxIter).

Buede 2: thiét 1ap quan thé ban ddu mot cach ngiu nhién
bao gdm NP c4 thé. Cac ca thé nay dwoc x4c dinh gia trj ham
muc tiéu bang cach st dung cong thic (3), trong d6, phan
tich phi tuyén tinh phi dan hdi dugc sir dung dé xac dinh tmg
xir ctia két cau.

Buoc 3: x@y dung quﬁn thé méi dua trén ky thuat dot
bién. Quﬁn thé méi duge xay dyng dua trén ky thuat dot
bién. Lan luot, tung ca thé trong qué”m thé hién tai duge chon
1a c4 thé muc tiéu dé xay dung nén mot ca thé moi tuong
mg. Néu ca thé méi nay c6 gia tri ham muc tiéu tt hon so
v6i ca thé muc tiéu, thi no duoc lya chon thay thé cho cé thé
muc tiéu trong quan thé mai. Trong trudng hop nguoc lai,
c4 thé muc tiéu van tiép tuc duoc gitr lai.

Bude 4: két thiic qué trinh t6i wu. Budce 3 dugce thuc hién
cho dén khi s6 vong tién hoa dat dén gia tri ti da MaxIter.
Liic nay, két qua tbi wu thu dugc 1a ca thé tot nht trong quan
thé cudi cung.

Trong phan vi du minh hoa cho phuong phap nay, mot
két cdu khung khong gian 2 ting bang thép dugc nghién ciru
nham danh gia hiéu qua cta cac thuat toan Rao ddi v6i bai
toan toi uu khung thép sir dung phan tich phi tuyén tinh phi
dan hoi. Kich thudc ciia khung thép: nhip 1a 6 m va chiéu
cao cac téng 12 4 m, duoc thé hién trong hinh 1. D§ 1€ch cdt
ban dau duoc liy bang 1/500 theo ca 2 phwong X va Y nhim
xét dén sy khong hoan hao ban dau cuia két céu. Bai toan
t6i wu dugc nghién ctru trong vi du ndy gdm 8 bién thiét ké
(nhém 1 dén nhém 8), 1a tiét dién cua cac phan tir khung.
Céc cot duge thiét ké, chon lya tir cac tiét dien W10, W12,
W14 va W16. Cac dam dugc thiét ké tir tiét dien W10 dén
W44. Vit lidu thép str dung cho két cau 1a A992, véi mé dun
dan h01 E=200 (GPa) va cuong d¢ chay f =345 (MPa). Tai
trong gdm tinh tai DL va hoat tai LL 1a cac tal trong phan b
déu tac dung 1én cac dam. Gi4 tri cua tinh tai 1a 40 (kN/m)
va cua hoat tai 1a 30 (kN/m). Tai trong gi6 tac dung lén
cac niit khung theo chidu truc X va c6 gid tri bang 100 kN.
Céc t6 hop tai trong duoc xét dén trong bai toan dua theo
tiéu chuan AISC-LRFD ctia My [11], trong d6, hai t& hop
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cudng do duoc xem xét (1,2DL + 1,6LL) va (1,2DL + 1,6W
+0,5LL) 1a 2 didu kién rang budc vé cuong do, con lai mot
t6 hop (1,0DL + 0,7W + 0,5LL) 1a didu kién rang budc vé
chuyén vi (dam bao diéu kién twong mg 13 chuyén vi léch
tang cia khung khong vuot quéa £/400, véi h 1a chiéu cao
tang). Phan mém phan tich phi tuyén tinh phi dan hdi PAAP
[12] dugc sir dung dé phan tich két ciu khung thép.

Trong nghién ctru nay, cac tac gia tién hanh so sanh hiéu
suét cta 3 thuat toan Rao-1, Rao-2 va Rao-4. Thuét toan
Rao-3 khong duoc xem xét vi khi cac bién thiét ké trong bai
toan nay déu nhén gia trj duong cho nén Rao-3 véi Rao-2 1a
nhu nhau. Cac thong sé duge st dung 1a: tong sé vong tién
hoa t6i da = 4000 va s c4 thé trong quin thé = 25.

Bing 1. Két qua tinh toan t6i wu két cAu khung thép 2 ting.

Rao-1 Rao-2 Rao-4
ﬁ“;‘hg‘g‘ﬁ g‘;ztck(ig‘ W 5741 30 5641,10 5606,30
ﬁ;‘;ﬁ;’:’fr;hgok: (fgi)““ 6006,20 6015,70 6176,40
f:r‘l’; Eﬁﬁgﬁﬁi?ulitgjgl;u 5861,63 5804,17 582411
D0 léch chuin khoi luong g ¢ 175,42 198,48

t6i vu tim duge (kg)

Thiét ké t6i wu tim dugc
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Hinh 2 thé hién dudng cong hdi ty trung binh cia cac
thuat toan toi uu. C6 thé thy rang, khi sb vong tién hoa 1on
(4000 vong) két qua thu duoc cua 2 thudt toan Rao-2 va
Rao-4 1a tot horn so voi Rao-1. Diéu nay phu hop véi phan
tich két qua tdi vu da duoc trinh bay Tuy nhién, mot két qua
kha tht vi & day 1a khi s6 vong tién hoa 1 nho (dudi 1500)
thi két qua trung binh thu dugc cua Rao-1 lai tét hon dang
ké so v6i Rao-2 va Rao-4. Diéu nay cho théiy rf“mg, toe do
hoi tu cta thuat toan Rao-1 1a tt hon so véi Rao-2 va Rao-
4. Hay n6i cach khac, Rao-1 dugc uu tién sur dung néu nhu
chung ta str dung s6 vong tién hoa 1a nho. Tuy nhién, khi sb
vong tién hoa 14 16n thi Rao-1 dé bi mic vao hoi tu cuc bd
hon Rao-2 va Rao-4, vay nén, Kkét qua tdi wu tim duoc cua

4,0m

Nhoém 5

Zsoo
;1/500
6,0 m b

Nhom 2

n6 13 kém hon. Bé minh hoa thém cho tinh hoi tu ctia cac
thuét toan, hinh 3 trinh bay duong cong hdi tu twong ung
v6i cac trudong hop cac tdi wu tot nhét tim dugce. Ta ciing co
thé nhan ra, trong truong hop cu thé nay, tbc do hoi tu cta
Rao-1 t6t hon so v&i Rao-2 va Rao-4, nhung bi hoi tu vao
cuc trj dia phuong khi ma két qua téi wu tt nhat khong thay
d6i 6 mot giai doan kha dai tir vong tién hoa 1500 dén 3300.

Nhom |
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Hinh 1. Khung thép 2 ting. B 9000
Két qua tbi uu héa duoc trinh bay trong bang 1, trong do, E: 8500
moi thudt toan to6i uu dugc chay 10 lan nham gidm bét anh g so00
huéng cua tinh ngau nhién trong thuat todn metaheuristic. E
Chung ta c6 thé thiy rang, két qua ti wu tot nhét tim duoc §D 7200
cua thuat toan Rao-1 bang 5741,30 (kg) 1a kém hon so véi é 7000
Ra9—2 (5641’,10 kg) va Rao—4 (5606,30 kg). Tuy nhién, 2 500
khoi lugng t6i uvu kém nhat tim dugc cta thuat toan Rao-1 =
(6006,20 kg) lai tot hon so v6i ciia Rao-2 (6015,70 kg) va 5 6000
Rao-4 (6176,40 kg). Piéu nay cho thiy, két qua ctia Rao-1 5500 . . .

¢6 tinh 6n dinh tot hon so véi Rao-2 va Rao-4. Piéu nay 0
cling dugc thé hién qua d6 léch chuén cua két qua ti wu tim
duoc cuia Rao-1 14 tot nhat trong 3 thuat toan.

S vong tién hoa

Hinh 2. Pwong cong hoi tu trung binh.
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S6 vong tién hoa
Hinh 3. Duong cong hi tu ciia thiét ké toi wu tét nhit tim duorc.
Ket luan

Trong bai bao nay, ing dung thuat toan Rao vao giai
quyét bai toan téi wu khung thép phi tuyén di dugc trinh
bay. Bai toan tdi wu khung thép phi tuyén duoc thanh lap
dwa trén st dung phén tich phi tuyén tinh phi dan hoi, bao
gdm ham t6i wu 1a tong khoi luong két ciu, bién thiét ké 1a
loai tiét dién ctia dAm cot va diéu kién rang budc gém diéu
kién rang budc vé céu tao va diéu kién rang budc theo cac
t6 hop tai trong cudng do va sir dung. Hiéu qua cua ba ky
thuat dot bién co ban cua thuat toan Rao gém Rao-1, Rao-2
va Rao-4 duogc phén tich danh gia thong qua bai toan ti wu
khung thép khong gian 2 tang véi 8 bién thiét ké. Két qua
thu duoc cho théy, Rao-1 ¢6 tinh én dinh t6t hon, hoi tu
nhanh hon nhung d& méc vao cuc bd dia phuong hon so voi
Rao-2 va Rao-4. Rao-4 cho kha ning tim kiém t5i uu toan
cuc tot hon nhung tinh on dinh lai kém nhat. Do vay, Rao-1
s& duoc ru tién st dung trong truong hop cac bai toan ti uu
¢6 sb vong tién héa 1a nho, con Rao-2 va Rao-4 thi vu tién
trong truong hop s6 vong tién héa 1a 1on.
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