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Du bao kha nang chiu tai nén léech tam cia cot
thép nhéi bé tong bang mé hinh hoc may duoc
t6i uu hoa bang thuat toan Jellyfish Search

Predicting the eccentric axial load capacity of concrete filled steel tube columns using a
machine |earning model optimized by Jellyfish Search algorithm
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TGM TAT

Cat thép nhai be tong (Concrete-filled steel tube, CFST) ngay cang
durge va chuding trong cac cang trinh dan dung va giao thang hign
nay b cac vu the vugt trdi ca nd so vai két cdu bé tang cét thep
thang thuang. Nghién ciu nay tap trung vao xay dung ma hinh dur
béo dua trén thuat todn tdi iru haa Jellyfish Search (JS) dé tu dang
tim kiém céc thong sd cia ma hinh hpe may nham duv bao da nén
|lech tam cia CFST. Mat ba dir ligu gom 499 mau vai Il bign dau vao
va ddu ra |3 kha ndng chiu nén |ech tam cia cot duge sir dung dé
xay dung céc ma hinh hoc méay don ANN, SVR, CART. LR va ma hinh
hén hop Voting, Bagging, Stacking. Sau khi xay dung va so sanh ma
hinh trén, ma hinh ca d@ chinh xac nhét dugc chon dé ket hop vai
thuét toan tfi ru haa JS nhim tao ra ma hinh du béo ca hiéu suat
cao nhat. K&t qua thu duge rat kha quan vai vai R= 0.9949, MAE=
4B.8137 kN, RMSE=7.2097 kN va MAPE= 7.687%, SI=0.00 (Rank=1)
chirng ta day la mat ma hinh day hira hen dé st dung trong thist ke
va phan tich két cdu CFST.

Tir khéa: Cat dng thép nhdi bé tong; tai trong lech tam; mé hinh hoc
may; tdi vu hoa.

ABSTRACT

Concrete-filled steel tubes (CFST) are becoming increasingly popular
in civil and transportation projects due to their significant advantages
over traditional reinforced concrete structures. This study aims to
develop a predictive model using the Jellyfish Search (JS) optimization
algorithm to automatically optimize machine |earning parameters for
predicting the eccentric compressive strength of CFST. A dataset of
489 samples, comprising Il input variables and the target variable of
BCCENtric compressive capacity, was used to develop individual
machine learning models (ANN, SVR, CART, LR) and ensemble models
(Voting, Bagging, Stacking). After building and comparing these models,
the most accurate one was selected for combination with the JS
optimization algorithm to achieve the highest-performing predictive
model. The results are highly promising, with R = 0.9943, MAE = 46.81a7
kN, RMSE = 7.2097 kN, MAPE = 7E7%, and SI = 0.00 (Rank = 1),
indicating that this model holds great potential for CFST design and
structural analysis.

Keywords: Concrete filled steel columns; eccentric axial load;
machine learning model; optimization algorithm.

1. GIGI THIEU:

Cot 6ng thép nhoi bé téng (CFST) 1a mot loai két cau cot két
hgp gilra 6ng thép bén ngoai va 16i bé tdng nhéi bén trong (Hinh
1). Uu diém vugt trdi cla loai két cdu nay so véi két cdu thép va bé
tong cdt thép 1a su két hop gitta 6ng thép va 16i bé téng. Ong thép
cung cap kha nang gidi han 16i, khién bé téng hoat dong & trang
thai iing suat ba truc, 1am tang cudng d6 va d6 déo. Mat khac, 16i
bé téng gilp gidm dang ké hién tugng cong vénh cuc bd sém clia
ong thép [11.
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Ngoai ra, c6t CFST c6 kha nang chiu déng dat va chiu tai lon,
kich thudc sir dung nhé hon dan dén tinh tham mi tét va kha nang
chéng chaéy cao [2]. Qua trinh thi cong két cau nay khéng tén kém
c6p pha, 8ng thép dugc sdn xuat trong nha may dan dén day nhanh
ti€n do thi cdng so vai két ciu bé tdng cbt thép truyén théng.

Nhiing uu diém nay thuc day su phat trién nhanh chéng clia cot
CFST trong céc cong trinh xdy dung hién dai. Chinh vi vay, viéc dy
doan chinh xac suic chiu tai cyc han ctia ching dang la méi quan
tdm hang dau cta doanh nghiép cling nhu céac ky su két cau. Pa ¢
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nhiéu nghién ctu vé su lam viéc cda cot CFST dudi tai trong ding
tam, tuy nhién di€u nay chua phu hgp véi su lam viéc chju tai trong
l&ch tdm trong thuc t& vi nén va uén két hgp sé dan dén co ché pha
huy phuc tap hon & d6 bén cuc dai [1].

Bé téng

= =

1 Ongthép

Hinh 1. M6 t& cac thanh phan cda ct thép nhoi bé tong CFST chiu nén léch tim

(Trong do: D: dudng kinh tiét dién cot; t: do day cua éng thép; L:
chiéu dai cua cot thép; e, ev : Idn luot la d6 léch tam phia trén va do léch
tam phia dudi cia méu thirva N:khd nédng nén léch tam cda cét CFST)

DE gidi quyét van dé nay, nghién clu nay sé dé xudt mot mo
hinh du bdo kha néng chiu luc nén léch tam cta cét CFST bang
phuong phap hoc may, mot uu diém vugt troi cla mé hinh nay la
N6 ¢6 thé ty tim kiém va téi uu hda cac siéu tham s6 nham dem lai
két qua du bao téi uu nhat.

2. TONG QUAN VE NGHIEN CUU

Ong thép nhéi bé tong (CFST) la cdu kién composite dugc st
dung rong rai trong xay dung nha cao tang, cau, thap, gian va
cac loai két cdu khac. Cot CFST thudng co tiét dién hinh tron,
hinh vuéng va hinh chi nhat, trong khi tiét dién hinh elip va hinh
da giadc c6 thé dugc ap dung dé dap ling cac yéu cau vé mat thdm
mi kién trdc hodc cong nang. C6 nhiéu dang cot CFST [3] thong
dung hién nay nhu c6t 6ng thép nhéi bé tong (CFST), cét CFST
gia c6 bang dai thép han FRP hodc vong thép, cot 6ng thép 2 16p
nhoi bé tong dac ( CFDST), cot 6ng thép 2 I6p nhoi bé tédng 16i
rong ( CFDST), cot CFST gia c8 bang dinh tan hoac két cau thép
bén trong, c6t 6ng thép nhéi bé téng CFST gia ¢ bang cac thanh
cOt thép bén trong.

Phuong phap thuc nghiém va phuong phap phan ti hiu
han Ia hai phuong phéap chinh dé du doan tac dong cla céac
thanh phan CFST [4]. Mdc dU cac thi nghiém cung cap di liéu
va quan sat rat gia tri, nhung rat tén céng va vat liéu cla cac
thi nghiém. Phuong phap phan t& hiru han cé thé gidm sé
lugng thi nghiém & mot mic d6 nao d6 bang mé phong may
tinh, nhung két qua phan tich phan t htu han phu thuéc phan
I&n vao trinh d6 ky nang cGia ngudi lap mé hinh do céc tinh chat
vat liéu phuc tap, méi quan hé ti€p xuc, diéu kién bién, v.v. Hon
nla, cac phuong phap phan ti hiru han thudng yéu cau ciu
hinh may tinh cao [5].

Vi su quan tam ngay cang tang va thir nghiém trong phong
thi nghiém, mét s6 quéc gia da thiét [ap cac tiéu chuin thiét ké
dua trén phuong trinh dua trén cac két qua thar nghiém méréng,
chdng han nhu ACI 318 (ACI 2014), Eurocode 4 (CEN 2004), AISC
360 (AISC 2016) va cac tiéu chin cda Trung Quéc (GB 50936-
2014 va GB/T 51446-2021) [6].

Mac du nhiéu tiéu chuan thiét ké hién cé cé thé udc tinh
cudng do, cac quy dinh khac nhau & cac quéc gia cé thé cé két
qud khac nhau theo cac mé hinh quy dinh khac nhau. Hon nira,
cudng dé vat liéu, hinh dang, chiéu dai mat cat ngang va do
manh cla cac cot thuc té c6 thé vugt qua kha nang ap dung cla
cac tiéu chudn nay. Bén canh d¢, cac céng thic thuc nghiém
thudng la cac phuong trinh rd rang véi moi quan hé phi tuyén
véi han ché gitra dau vao va dau ra. Nguac lai, cac mé hinh hoc
may c6 thé ndm bit méi quan hé 4nh xa chinh xac va phc tap
hon gilta dau vao va dau ra & dang ham 4n [6].

D& ¢6 nhiéu nghién ctu sir dung phuong phap phan tich s6
dé du doéan kha nang chiu nén léch tdm cla c6t CFST nham don
gian hoa qua trinh tinh toan, tuy nhién pham vi ap dung cula cac
phuong phap con khé han ché do céc quy tac khac nhau [6]. VGi
sy phat trién vugt bac cda linh vuc tri théng minh nhan tao, viéc
ung dung cac phuong phap hoc may dé du bao trong linh vuc
xay dung dang trg thanh mot xu thé tat yéu. Phuong phap hoc
may dugc xem la cdng cu uu viét nhat hién nay dé giai quyét cac
bai toan khé trong két cau [7]. Tuy nhién, méi quan hé phi tuyén
phtic tap nay luén 1a thach thiic véi cdc nha khoa hoc dé tim ra
cdc mo hinh du bédo phu hop.

Khan. S va cong su ndm 2021 da ap dung tri tué nhan tao dé
du doan kha nang chiu luc truc cuc han clia cac cot CFST chiu tai
léch tam [8]. Nghién ctu nay cho thdy ky thuat dang tin cay va
chinh xac nhat dé phat trién cac mé hinh du doan la GEP. Cac mé
hinh du doan dugc phat trién théng qua ky thuat GEP dugc danh
gia la don gidn hon cdc mé hinh ANN va ANFIS. Nédm 2022 Ngoc-
Tri Ngo va cong su da nghién ctu dy dodn kha nang chiu luc doc
truc clia cdt bé téng nhéi 6ng thép bang mo6 hinh hoc may lai
[9]. Gan day nhat vao ndam 2023, Jing Wang va cdng sy da nghién
clru Gng dung mé hinh t8ng hop trong du doan kha nang chiu
nén duing tam va nén léch tdm cla cac cot RCFST [2].

Mac du da c6 nhiéu nghién ctru lién quan dén cot CFST, bang
cac phuong phap hoc mdy khac nhau, tuy nhién d6 chinh xac
cGia mo6 hinh can dugc tiép tuc nghién clu dé nang cao. Mot
trong nhiing van dé kho khi xay dung mé hinh hoc may la viéc
Iua chon mé hinh va thiét 1ap cac théng sé cia mé hinh. Do d6,
nghién ctu nay da tién hanh khao sat cac mé hinh hoc may phé
bién khac nhau dé tim ra mé hinh cé dd chinh xac cao nhat.
Thuat toédn t6i uu hod c6 kha nang ty dong diéu chinh siéu tham
s6 dugc tich hgp vao mé hinh dugc chon dé tang hiéu qua du
bado clia m6 hinh. Két qua cudi cling sé dugc so sanh vai cac
nghién ctru da céng bé la minh chiing ré rang nhat cho hiéu suat
vugt tréi ciia mé hinh dé xuat.

3. THU THAP VA XU LY DU LIEU

Nghién ctu nay st dung b6 di liéu trong nghién clu cda
Thai, Huu-Tai va céng su [10]. B6 dir liéu bao gom 499 mau cot
CFST chiu nén léch tam, dugc thu thap tu cdc nghién ctu da
c6ng bé. Sau khi phan tich va chon loc nham loai bé cac mau
thi€u théng tin (X8- Modul dan héi ctua bé téng), bé di liéu
nghién clu sé bao gém 467 mau va 10 bién dau vao lién quan
dén thanh phan cau tao va su lam viéc cla c6t CFST va dau ra
chinh la khd ndng chiu nén ctia cét CFST, chi tiét dugc trinh bay
& Bang 1.
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Bang 1: Cac mo ta théng ké lién quan dén tiing bién s6 trong bo di liéu

] o Gia tri Gia tri Gié tri Do
STT Dién giai n6éi dung Biénsdé Ky hiéu Pon vi R
nho nhat  lénnhat  trung binh léch chuan
1 Pudng kinh tiét dién cot Xi D mm 76.00 600.00 132.000 56.046
2 DO day clia 6ng thép Xz t mm .86 16.00 4.500 2.030
3 Chiéu dai chia cot thép X3 L mm 284.50 4956.00 1700.000 1001.478
4 Gidi han chay cla thép Xa fy Mpa 185.70 517.00 306.100 58.518
5 D6 bén kéo cla thép Xs fu Mpa 307.600 638.00 450.831 39.955
6 Modul dan héi ctia thép Xe Ea Gpa 167.00 236.00 200.008 6.112
7 Cudng doé chiu nén clia bé tong Xz fe Mpa 18.40 184.00 42.200 27.738
8 Modul dan héi ctia bé tong Xs Ec Mpa - - - -
9 Hé sé hiéu chinh mau Xo fe type .96 1.00 1.000 .005
10 Do léch tam phia trén ctia mau thir X0 et mm 4.00 300.00 26.030 33.174
11 D6 léch tam phia dudi ctia mau tha Xn €pb mm -100.00 300.00 24.000 35.397
12 Kha nang nén léch tam ctia cot CFST Y Ntext kN 66.72 5288.00 475.200 821.868
Bang 2: Chi sé danh gia hiéu suat va xép hang clia cdéc mo hinh don.
R Test Chisé
M6 hinh
R MAE (kN) RMSE (kN) MAPE (%) St (Rank)
Mo hinh don - single model
ANN 0.9954 152.8505 168.3559 28.9048 0.455 (19)
SVR 0.9227 253.3598 504.8572 479116 1.000 (24)
CART 0.9513 96.0277 253.1672 18.1593 0.366 (18)
LR 0.9627 150.3755 222.1232 28.4367 0.495 (23)
M6 hinh Voting
ANN - SVR 0.9875 107.9016 151.2963 20.4047 0.317(12)
ANN - CART 0.9849 101.4297 161.7483 19.1809 0.307(11)
ANN - LR 0.9877 116.3702 149.3333 22.0062 0.340 (14)
SVR - CART 0.9724 98.2468 204.7492 18.579 0.332(13)
SVR-LR 0.9611 141.083 231.4664 26.6795 0.476 (20)
CART-LR 0.9722 105.29 193.7617 19.9109 0.344 (16)
ANN - SVR - CART 0.9863 91.0645 151.1125 17.2207 0.270(7)
ANN - SVR-LR 0.9814 112.5521 167.1458 21.2842 0.343 (15)
ANN - CART - LR 0.9856 96.3446 149.9074 18.2192 0.284 (8)
SVR-CART-LR 0.9727 111.5585 197.9868 21.0963 0.365 (17)
ANN - SVR - CART - LR 0.9834 98.6682 158.5351 18.6586 0.297 (9)
M6 hinh Bagging
ANN 0.9839 78.4327 149.1865 14.832 0.233 (6)
SVR 0.957 137.8208 247.3618 26.0626 0.479 (21)
CART 0.9626 149.9318 2226163 28.3528 0.494 (22)
LR 0.9786 94.4544 177.7301 17.8618 0.300 (10)
M6 hinh stacking
ANN 0.9932 63.5258 101.463 12.0131 0.154 (3)
SVR 0.993 60.6092 100.752 11.4615 0.145 (2)
CART 0.9934 66.1394 100.0015 12.5073 0.161 (4)
LR 0.9904 71.9423 115.073 13.6047 0.189 (5)
Mo hinh lai
JS-Stacking-LSSVR 0.9949 46.8157 7.2097 7.67 0.000 (1)

(Trong dé: ANN: Artificial Neural Network; SVR: Support Vector Regression; LR: Linear Regression; CART: Classification and Regression Tree)
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4.COSOLY THUYET

4.1 M6 hinh don - (Single model)

4.1.1 M6 hinh mang than kinh nhan tao

Mé hinh mang than kinh nhan tao (Artificial Neural Network,
ANN) 13y tir cdm hung hoat déng cta bd ndo con ngudi. Cau truc
don gidn nhat cia mang nay bao gém tin hiéu dau vao, nat an, va
d4&u ra. M6 hinh mang na-ron c6 thé dugc biéu dién dudi dang toan
hoc nhu sau:

1

hy(x) = oot Q)

Trong d6 he(x) la dau ra, x la dau vao nhung x va 6 la cac vectg
tham so.

4.1.2 M6 hinh véc-to hé trg héi quy SVR

M6 hinh véc-to hé trg hoi quy (Support Vector Regression, SVR)
la m6t mé& réng cla thudt toan Support Vector Machine (SVM) dé
gidi quyét cac bai toan héi quy [11]. Mé hinh SVR dugc mé hinh don
gian nhu sau:

f(xX)=d(x)xW +b (2)

Trong do: f(x) 1a ham héi quy; @(x) 1a ham anh xa dit liéu dau vao
I1&n khoéng gian da chiéu; w la vecta trong s6; b 1a hé sé thién léch.

Learst square support vector machine (LSSSVR) [a mét phién
ban phat trién cGia SVR lam ting kha ndng hinh toan va hiéu suat ho
hinh.

4.1.3 Mé hinh héi quy tuyén tinh LR

Mé hinh héi quy tuyén tinh (Linear Regression, LR) la mét trong
nhiing phuong phép ca ban va phé bién nhat trong théng ké va hoc
may dé mé hinh héa méi quan hé gira mét bién phu thudc (bién
két qua) va mét hodc nhiéu bién doc lap (bién giai thich). H6i quy
tuyén tinh 1a dang co ban nhat cda hoi quy tuyén tinh, khi chi c6
mot bién doc lap X va mét bién phu thudc Y. M6 hinh c6 dang:

Y=p+pX+¢ 3)

Trong do Y la bién phu thudc (gia tri can du doan), X la bién déc
lap (gia tri dau vao), Bo la hé sé chan (intercept), hay gia tri cta Y khi
X=0, B1 la hé s6 gbc, biéu thi muc d6 thay déi ctia Y khi X thay d6i
mét don vi, € la sai s6 (error term).

Bit dau

1. Giai doan khdi tao

data)) va dir liéu kiém tra (test data)

while (t < Max_lteration) do
2.1 Tinh toan thuat toan JS
(1) Tinh todn ham thdi gian
(2) Stra theo dong dai duong
(3) Stra di chuyén bén trong dan sta
end while
2.2 Xay dung ham xac thuc Stacking- LSSVR

2.3 Kiém tra tiéu chi diing?

(2) Néu khéng, quay lai budc 2.1
3. Mé hinh Stacking-LSSVR dugc t8i uu héa

(2) Tinh d@o chinh xdc trung binh cta k ldn thi nghiém
(3) Luu k mé hinh t6i uu héa

4, Giai doan vé so d6 két qua

(1) DBdnh gid két quad sau tinh todn

(2) Xem két qua va xdc nhdn gidi phdp tét nhdt

(1) Phan chia dir liéu thanh k tap hop con lam dt liéu hoc tdp (di liéu dao tao (training data) va dir liéu xdc thuc (validation

(2) Khdi tao s6 lugng dan s, s6 lan |ap t6i da (Max_lteration) va khodn tim kiém clia cac tham sé dugc téi uu hoda.

2. Thuc hién K 1an, d8i véi méi 1an cac budc sau dugc thuc hién nhu sau

(1) Thiét Idp siéu tham s6: C¢, 0, Cissyrs O1ssvr» Nanns Oann

(2) M6 hinh dao tao vdi siéu tham s6 (C, 6¢, Cissvrs Olssvr» Nann» Oann) €ho mé hinh Stacking-LSSVR

(3) Bdnh gid mé hinh da dugc dao tao (t6i uu héa) bang cdch st dung di liéu xdc thuc

(4) Xdc dinh gid tri ca f (C, 0¢, Cissvrr Olssyr» Nann» Oann) bdng phuong trinh (9) va tiép tuc véi buéc 2.1

(1) Néu ddp ting du tiéu chi diing thi chuyén sang budc 3

(1) Két hgp cdc thong sé duoc t6i uu hoa (Ce, o, Cissvrs Olssvrr Nann, Oann) Va0 mo hinh st dung dit liéu hoc tdp

Két thic

Hinh 2. Pseudo-code mo hinh lai JS-Stacking-LSSVR
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Bang 3: Chi s6 danh gia hiéu suat va xép hang ctia cdc m6 hinh da cong bé trudc day .

Mé hinh Test Chisé
" R MAE (kN) RMSE (kN) MAPE (%) SI (Rank)
1 SVR [6] 0.991 88.884 149.849 16.691 0.422 (4)
2 RF [6] 0.989 74.254 135.276 16.760 0.447 (5)
3 XGBoost [6] 0.994 70.725 101.035 13.805 0.241 (3)
4 EC4[12] 0.987 272.18 188.28 10.07 0.475 (6)
5 AISC[12] 0.983 507.41 359.56 17.71 1.000 (7)
6 SVR-GWO [12] 0.992 209.14 143.47 7.00 0.227 (2)
7 JS-Stacking-LSSVR 0.9949 46.8157 7.2097 7.67 0.000 (1)

(Trong do: RF: random forest; XGBoost: Extreme Gradient Boosting model; EC4: Eurocode 4; AISC: American Institute of Steel Construction; SVR-GWO:

Support vector regression-grey wolf optimization; JS-Stacking-LSSVR: Jellyfish Search-Stacking- least squares SVR)

4.1.4 Mé hinh cay phan loai héi quy tuyén tinh

CART dugc xay dung tir cac cay nhi phan, cu thé la méi nut bén MAPE = lz tana )
trong c6 chinh xac hai canh di ra. CART st dung cac tiéu chi nhu Gini el Y
index (cho bai todn phan loai) hoac mean squared error (MSE) (cho 1 & P-P.
bai toan héi quy) dé€ chon thuédc tinh va gia tri nguéng dé phan chia ST = —Z S — L @)
dalléu m Pmax,l L in,i

4.2 Mé hinh hén hop

TU cac mé hinh co ban bén trén (ANN, SVR, LR va CART), mé hinh
hon hgp két hop cac dy doan cda nhiéu mé hinh co ban (base
models) bang cach s&t dung mot mé hinh meta (meta-model) dé
dua ra du doan cudi cing. Mé hinh nay c6 nhiéu thudc tinh cla cac
mé hinh dan khac nhau, nén d6 chinh xac dugc nang cao han so véi
cac mé hinh co ban. Cac mé hinh hén hop phé bién hién nay bao
gém: Voting, bagging va stacking.

4.3 Thuat toan téi uu hoéa Jellyfish Search

Jui-Sheng Chou va Dinh-Nhat Truong da phéat trién ly thuyét
cam hiing mai tursta bién (Jellyfish Search, JS). Nghién cdu nay phat
trién mot siéu thuat todn mdai dua trén hanh vi cla sta trong dai
duang va dugc goi la trinh t6i uu hoa tim kiém sda (JS). Viec mé
phong hanh vi tim kiém cla stta bao gom viéc ching di theo dong
hai luu, chuyén déng ctia chiing bén trong dan sua (chuyén dong
ch dong va chuyén déng thu ddng), co ché kiém soat thai gian dé
chuyén déi gilta cac chuyén dong nay va su hoi tu clia ching hay
con goi la hién tugng stra n& hoa [13].

4.4 Panh gia mé hinh

4.4.1 Cac chi sé danh gia

Nam chi s6 danh gia hiéu suat phé bién dugc sir dung dé danh
gia dé chinh xac cia mé hinh hoc may trong nghién ctu nay bao
gém: hé s6 tuong quan (R), sai s6 binh phuong trung binh (RMSE),
sai s6 tuyét déi trung binh (MAE) va sai s6 phan tram tuong doi
trung binh (MAPE). Chi s6 téng hgp (SI) dé€ dinh lugng dé chinh xac
du doan téng thé clia hé théng dugc dé xuat. Sl nam trong khoang
tir 0 dén 1, Sl gan bang 0 biéu thi mét mé hinh chinh xéc [14].

Y vy =(Z0)(Xr)
() o) n(Z0?) ()

RMSE = %Z( y-y) 5)

i=1

R= 4

1 ,
MAE:;;|y—y| ©6)
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4.4.2 Xac thuc chéo K lan

Phuong phép xac thuc chéo K 1an dugc st dung dé€ so sanh hai
hodc nhiéu mé hinh du bdo. Phuong phap nay chia ngau nhién mau
dirliéu thanh K tap con, trong d6 K-1 tap con dugc st dung dé huén
luyén mé hinh (di liéu hoc tap) va tap con con lai dugc dung dé
kiém tra. Qua trinh huan luyén nay dugc 13p lai K1an. D& so sanh céc
mo hinh, gia tri trung binh cla cac két qua danh gia hiéu suat dugc
tinh toan. Kohavi (1997) chira rang K= 10 dam bao tinh hgp |é phan
tich, hiéu qua tinh toan va dé léch t6i uu [15]. Do d6, K = 10 dugc st
dung trong nghién ctu nay.

5. MO HINH HOC MAY PUGC TOI UU HOA

Dau tién, cadc mo hinh don va hén hgp dugc xay dung, so sanh
va chon ra ¢6 d6 chinh xac cao nhat (Stacking-SVR) (Bang 2). Mét
phién ban cao hon ctia SVR la LSSVR dugc st dung nham cai thién
hiéu suat mé hinh hén hgp (Stacking-LSSVR). LSSVR c6 téc dé tinh
nhanh hon va s lugng théng s6 dau vao it hon mé hinh SVR. M6
hinh Stacking-LSSVR lai ti€p tuc dugc tich hop vai thuat toan téi uu
hoa Jellyfish Search dé tao ra mé hinh du bdo c6 hiéu suat tét nhat
goi la JS-Stacking-LSSVR.

Pseudo-code mo hinh lai JS-Stacking-LSSVR dugc trinh bay tai
Hinh 2. Ban dau dir liéu dugc phan thanh tap dir liéu hoc tap
(learning data) va tap d liéu kiém tra (test data) bang ky thuat xac
thuc chéo K- 1an (K=10). Ti€p theo d(t liéu hoc dugc phan chia thanh
tap dao tao (training data) va tap xac thuc (validation data) véi ty lé
lan lugt la 70% va 30%. Thuat toan t6i uu hod JS sé tim kiém céac
théng s cla mé hinh Stacking-LSSVR vdi tap d liéu dao tao va muc
tiéu la sai s6 cla tap xac thuc la nho nhat.

f(hyperparameters) = MAPE}&idation (9)

Trong dé cac siéu tham s& hyperparameters =
[Ce) 0¢, Cissvr Otssvr» Nanny Gann]- VOi C, 0t Hang s6 ham phat, bé
rong ham nhan ctia ctia mé hinh két hap, Cissyrs Orssur: HANG s6 ham
phat, bé rong ham nhan cia cia mé hinh thi nhat (mé hinh LSSVR),
Nann Oann: SO lUong nit mang, bé réng ham nhan ctia mé hinh thia
hai (M6 hinh ANN). Trong d6 dan s6 1a 50, s6 vong 1ap la 2, vung tim
ki€m cla C, tir 1072 dén 102, o, tir 1072 dén 108, (jqyy tir 1072
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d6n 1012, 5)ggy, tU1072 d&N 108, Ny, tl 1 d€N 500, v G4 t 1072
dén 105,

K&t qua so sanh nhu trong Bang 2 cho thdy mé hinh JS-
Stacking-LSSVR cé dé chinh xac cao nhat so véi tat cd cac mo
hinh con lai véi gia tri SI=0.00 (Rank=1, v6i MAPE=7.67%). D&
danh gia lai mot 1an ndra hiéu suat cia mé hinh dé xuat, JS-

Stacking-LSSVR sé dugc so sanh véi cac nghién clu da céng bé
trudc day (Bang 3 va hinh 3). K&t qua vugt troi cho thdy rang mo
hinh JS-Stacking-LSSVR dap ung dugc ki vong va nhu cau cla cac
nha thiét k& dé du bao kha ning chiu luc nén léch tam cda cot
CFST.

400 T T T T
300
z
-,
200 - 1
=
o
" . . . I . |
o —
1 2 3 4 5 [ 7
& hinh
(b) RMSE gitia cdc md hinh

Hinh 3. So sanh d9 chinh xdc dy bdo gitia JS-Stacking-LSSVR va cdc md hinh da cong bd

15
E
Woag - -
=
=
0
1 z 3 4 5 [ 7
1é hinh
(a) MAPE gidia cdc mé hinh
6. KET LUAN

Nghién cltu nay khao sat cac mé hinh hoc may khac nhau,
bao gobm cac mé hinh dan (ANN, SVR, CART, LR) va cac mé hinh
hén hgp (Voting, Bagging, Stacking) nham lya chon mé hinh tét
nhat va tich hgp no véi thuat toan t6i uu c6 kha nang ty diéu
chinh siéu tham s6 JS nhdm tim ra mé hinh hiéu qua nhat dé du
bao kha nang chiu luc nén léch tam clta cét CFST.

M6 hinh dé xuat JS-Stacking-LSSVR da cho ra hiéu suat rat
cao véi SI=0.00(1). M6 hinh JS-Stacking-LSSVR cling da chung
minh dugc hiéu suat vuat tréi khi dugc so sanh vai cac nghién
cliu trudc day. Do dé, mé hinh JS-Stacking-LSSVR dugc dé xuat
thuc su la mét cédng cu hiéu qua dé ing dung trong viéc thiét ké
va phuc vu cac nghién ctu lién quan dén cot 6ng thép nhoi bé
tong CFST chiju tai doc truc va tai léch tam.

Hudng nghién clu ti€p theo sé xay dung giao dién dé tién
giup cho ngudi st dung dé dang. Ngoai ra cac moé hinh hoc may
cing nhu phuong phap t6i uu hda khac cling sé dugc khao sat
dé tim ra mé hinh cé d6 chinh xac hon mé hinh hién tai. Cuéi
cling dé nhay cla cac bién sé dugc phan tich dé tim ra té hgp cé
@6 chinh xac nhat ciing nhu t6 hop dan gidn nhat cho viéc nhap
di liéu.
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