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Du bao dé vong dai han cua dam beé tong
c6t thép bang moé hinh hoc may t6i uu hoa

Jellyfish Search

Prediction of long-term deflection of reinforced concrete beams using Jellyfish Search

optimization machine learning model
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TGM TAT

Da ving dai han cia dam be tang cdt thep (BTCT) ludn [a mat thach
thirc trong viec thigt k& ket céu. Nghién ciru nay tap trung vao phat
trién mat ma hinh hoc may st dung thut toan tai vu haa Jellyfish
Search dé du bao da viing dai han cia dam BTCT. Dua trén ba dir
liéu ciia nghién ciu da cong bd, cac ma hinh hoc méy duge xay dung
va danh gia (bao gém ma hinh don va mé hinh han hop) d& chon ra
ma hinh ca da chinh xac cao nhat. Thut toan tdi vu hoa Jellyfish
Search duge sir dung dé tdi wu haa cac tham sd cia md hinh duge
chon. Két qué tinh toén sé duoc danh gig lai vai cac ket qua coa
nghién ciu trude day. Két qua so sanh cho thdy ma hinh JS -
Bagging ANN dat duoc higu sudt vuot trdi vai R = 0.976; MAE =
3.988 (mm); RMSE = 1.777 (mm); MAPE = 14.154% va SI = 0.00 (1).
Do da ma hinh JS - Bagging ANN rét dang tham khéo dé du bao da
viing dai han cta dam BTCT trong tinh todn thist ke.

Tir khaa: Da viing dai han; ddm bé tang cdt thep; Jellyfish Search;
ma hinh hgc may; tdi wu hoa.

1. GIGI THIEU

Dam BTCT dong vai tro rat quan trong trong cac céng trinh xay
dung. D6 voéng dai han la méi quan tam chinh cla cac ky su xay
dung khi thiét ké va danh gia kha nang st dung dai han clia cac cau
kién dam BTCT. D6 véng tdng nhanh dan theo tudi tho cla két cau
do tac dong céng don clia cac yéu t6 bén trong va bén ngoai, bao
gém cac tdc dong cla co ngot, tai trong duy tri, bién dang dan hoi
lién quan dén tai trong tiéu chuén, va cac yéu t6 méi trudng [1,2]
(Hinh 1). Hon thé nita, d6 vong dai han con tac dong 1én do bién
dang tré clia cac thanh phan khong thudc két cau. Vi vay, viéc du
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ABSTRACT

The long-term deflection of reinforced concrete beams has always
been a challenge in structural design. This study focuses on developing
a machine learning model using the Jellyfish Search optimization
algorithm to predict the long-term deflection of reinforced concrete
beams. Based on a dataset from published research, machine learning
models were built and evaluated (including single and ensemble
models) to select the most accurate model. The Jellyfish Search
optimization algorithm was used to optimize the parameters of the
selected model. The comparison results showed that the JS - Bagging
ANN model achieved superior performance with R = 0.976; MAE =
3988 mm; RMSE = 1777 mm; MAPE = 14.154%; and SI = 0.00 ().
Therefore, the JS - Bagging ANN model is highly recommended for
predicting the long-term deflection of reinforced concrete beams in
structural design calculations.
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machine learning model; jellyfish search; optimization.

bédo chinh xac dé véng dai han ctia dam BTCT, dac biét trong giai
doan thiét k& déng vai tro rat quan trong d& dam bao an toan cho
cong trinh va téi uu héa thiét ké.

Trong nhiing ndm gan day da cé nhiéu nghién ctu tap trung
vao viéc danh gia do véng dai han ctia dam BTCT. Araujo (2005) [3]
da cai tién phuong phap AIC dé€ danh gia dé vong clia dam BTCT,
tuy nhién phuong phéap nay con nhiéu han ché khi st dung cho dé
vong dai han. Nguyén Hitu Anh Tudn (2020) [4] da khao sat ting xdr
uén ctia ddm BTCT théng qua biéu d6 moé men - d6 cong tinh toan
theo TCVN 5574-2018 va dé xuat cach thiét lap biéu dé6 quan hé gitta
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mo men uén va dé cong clia dam bé tong cét thép dua trén quan
hé phi tuyén gitia ting suat, do bién dang cla bé tong va cét thép.
Phuong phap sé [5] va phuong phap phan ti hu han [6] cling da
dugc st dung du bao do vong clia dam bé tong cét thép nham xu
ly m&i quan hé phi tuyén giia bé tong va cot thép.

Ky thuat hoc may (ML) dang la tdm diém clia cac nha khoa hoc
trong viéc tim ra cac phuong phap nang cao hiéu suat tinh toan. ML
la phuong phap phan tich di liéu va tinh todn tu déng hoéa, né co
thé lién tuc tu xu ly, khai quat, danh gia va hoc héi tir dit liéu dugc
tao ra dé cho ra két qua tét nhat. ML dugc (ng dung réng rai trong
viéc gidi quyét cac van dé vé ky thuat nhu dy bdo va danh gia rdiro
[71 hay quan ly chat lugng [8].

Tai trong phan /
b déu y /4N

Hinh 1. M6 hinh thi nghiém d0 vong cia dam BTCT

ML dugc xem la mét cong cu manh mé trong tinh toan hién dai.
Trong nghién ctiu nay, cdc moé hinh duge danh gia cao gan day bao
goém Artificial Neural Network (ANN), Support Vector Regression
(SVR), Linear Regression (LR), Classification and Regression Tree
(CART). Sé dugc stir dung dé danh gia va két hop dé tao ra mé hinh
t6i uu nhat. Cac siéu tham s6 ctia mé hinh dugc chon sé dugc téi uu
hoa nang cao bang thuat toan Jellyfish Search (JS) nham dem lai két
qua tét nhat cho viéc danh gia dé véng dai han ctia dam BTCT.

2. PHUONG PHAP NGHIEN CUU

2.1. M6 hinh don

2.1.1. M6 hinh mang no-ron nhan tao (ANN)

Mang no-ron nhan tao (Artificial Neural Network - ANN) la
mét mé hinh tinh toan dugc xay dung dua trén cdm hing ti cau
trdc va hoat déng cda hé than kinh trong ndo ngudi. ANN bao
gom nhiéu don vi tinh toan, dugc goi la "noron" hoac "naron
nhan tao" dugc sdp x€p thanh cac I6p khac nhau va dugc s
dung d€ m6 phdng qué trinh hoc va xt ly théng tin. Muc dich

chinh cda né la t6i uu héa céac trong s6 dé c6 thé dua ra cac du
doan hodc dau ra chinh xac dya trén dir liéu méi.

2.1.2. M6 hinh héi quy vec-to hé trg (SVR)

M6 hinh héi quy vec-to hé trg (SVR) hoat dong bang cach
"v&" mot dudng ranh gidi gilra cac diém dir liéu, dugc biéu dién
nhu nhing vec-to dac trung. Budng ranh gidi nay dugc lua chon
sao cho khodng cach gitta n6 va cac diém da liéu 1a nhé nhat,
giup thu hep t8i da sai s6 du doan. Diém mau chét clia SVR nam
@ viéc tim kiém ham gia thuyét phu hgp nhat, dai dién cho méi
quan hé gira di liéu dau vao va gia tri can dy doan.

2.1.3. Mé hinh héi quy tuyén tinh (LR)

Mé hinh héi quy tuyén tinh (LR) dugc s&t dung d€ mé hinh
héa méi quan hé tuyén tinh gilra bién dau vao va bién muc tiéu
(dau ra) trong bai toan héi quy. LR hoat dong bang cach thiét lap
mét dudng trong khéng gian da chiéu, dai dién cho méi quan hé
tuyén tinh gitta cac bién. Muc tiéu cuta LR |a xac dinh mai lién két
gilra mot bién phu thuéc véi hai hodc nhiéu bién doéc lap.

2.1.4. Mé hinh cay phan loai va héi quy (CART)

M6 hinh cay phan loai va hoi quy (CART) st dung cdu truc cay
dé tao ra mot mé hinh dy doan dua trén cac quy tac diéu kién.
Bdng cach tao ra mot cau tric cay phan nhanh, CART chia nho
d@ liéu thanh cac nhém nhé hon, gitp dua ra quyét dinh chinh
xac dya trén cac quy tac don gian.

2.2. M6 hinh hén hgp

2.2.1. M6 hinh hén hgp Voting

M6 hinh Voting la tdp hgp cac mo hinh khac nhau dua ra du
dodn trén cung tap di liéu, nhung thay vi st dung meta-model
dé hoc cach két hgp cac du doan, Voting st dung phucng phap
théng ké don gian. Uu diém chinh ctia mé hinh Voting nam &
kha nang tan dung su da dang trong cac mo hinh thanh phan,
giup gidm thiéu sai sét va céi thién dé chinh xac téng thé.

2.2.2. M6 hinh hén hop Bagging

Bang cach gidm thiéu su phu thudc vao mot mé hinh cu thé,
mé hinh Bagging giup gidm thiéu rui ro do su bién déng ngau
nhién trong di liéu va tang cudng kha ning téng quat héa cua
mo hinh.

2.2.3. M6 hinh hén hgp Stacking

M6 hinh hén hgp Stacking 1a mét mé hinh hai giai doan. Giai
doan 1, m&i mé hinh don I& du doan mot gia tri dau ra. Sau do,
cac két qua dau ra nay dugc sir dung lam dau vao dé dao tao lai
mo hinh bdng cac ky thuat hoc may, nham dua ra siéu dy doan
trong giai doan 2.

2.3. Ly thuyét téi uu héa vé tim kiém sira Jellyfish Search
(Js)

Thuat toan Jellyfish Search (JS) dugc phat trién bai Chou va
Truong 2021 [9]. Thuat toan JS 1dy cdm hing tir chuyén déng cda
dan stra. Tim kiém sta dua trén ba quy tac ly tudng héa d6 la
tham do, khai thac va t6i uu héa. Thuat toan nay dugc thiét ké
dé giai quyét cac bai todn t6i uu héa phuc tap véi uu diém la thoi
gian tinh toan nhanh, hiéu suat cao va dé tich hgp mé hinh.

2.4. Panh gia mo6 hinh

2.4.1. Xac thuc chéo K lan

Phuang phép xac thuc chéo K 1an dugc sir dung dé€ so sanh
hai hodc nhiéu mé hinh du bao. Phuong phéap nay chia ngau
nhién mau dir liéu thanh K tap con, trong d6 K-1 tap con dugc s
dung dé€ hudn luyén mé hinh (d{ liéu hoc tap) va tap con con lai
dugc dung dé kiém tra. Qua trinh huan luyén nay dugc l3p lai K
lan. D& so sanh cac 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 1é phan tich, hiéu qua tinh toan va dé léch
t6i uu [10]. Do d6, K = 10 dugc st dung trong nghién ctiu nay.
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o <:> Test data
oY
o <:> Training data

Hinh 2. Xac thuc chéo K lan

2.4.2. Céc chi sé hiéu suat danh gia mé hinh

Nam chi s6 hiéu sut phé bién dé danh gia do chinh xac ctia mé
hinh trong nghién ctu nay, lan lugt la: hé s tuong quan tuyén tinh
R, sai s6 trung binh tuyét déi MAE, sai s6 binh phuong trung binh
RMSE, phén trdm sai s6 trung binh tuyét d&i MAPE va chi sé téng
hop SI, nhu sau.
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Begin

end while

1. Initialization stage
(1) Subdivide the data into k subsets as learning data (training data and validation data) and test data
(2) Initialize number of population, maximum iteration, and the boundary of optimized parameters.

2. Perform K folds such that, for each fold, the following steps are performed

while (t < Max_lteration) do

2.1 JS operator

(1) Calculate time control value
(2) Jellyfish follows ocean current
(3) Jellyfish moves inside swarm

2.2 Bagging- ANN function for validation

2.3 Have the stopping criteria been met?

(2) Otherwise, go to step 2.1.

3. Optimized Bagging- ANNs model
(1) Incorporate the optimized parameters (N, Ny, ) into the model using learning data
(2) Calculate the average accuracy over the k test folds from Eq. (1) to Eq. (5).

(3) Save K optimal model

4. Plot stage

(1) Evaluate the post-process results

(1) Set the hyperparameters: Ny, Ny, o

(2) Train model with hyperparameters (Ny,, Ny, o) for Bagging- ANN

(3) Evaluate the trained (optimized) model using validation data

(4) Determine the fitness function f (N, Ny, ) by Eq. (6) and go to step 2.1

(1) I the criteria have been met, go to step 3.

(2) Visualize the results and confirm the best solution.

End

Hinh 3. Pseudocode mo hinh lai JS-Bagging ANN.

Bang 1: Cac mo6 ta théng ké lién quan dén tling bién sé trong bo dit liéu [11]

Gia tri

cx iae . e . Gia tri Gia tri Poléch
STT Dien giai néi dung Bién so Pon vi nhé nhat  16n nhat t;r:: chusn
1 Dién tich mat cat ngang x1 %x10% (mm?) 6452 180000 41385 36695
2 M6 men quan tinh X2 x10¢ (mm#*)  5.83E+06  6.43E+08 1.56E+08  1.49E+08
3 Loai c6t thép x3 - - - - -
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Gia tri

ek ias o e . Gia tri Gia tri Db léch
STT Dien giai néi dung Bién so Ponvi nhé nhat  16n nhat t;:::? chusn
4 Dién tich c6t thép chiu kéo x4 mm? 30 2212 370.98 304.381
Khoang cach tir bién xa nhat ca mién bé
5  téng chiu nén dén trong tdm cla cot thép x5 mm 56 318 155.54 61.482
chiu kéo
6 Dién tich c6t thép chiu nén x7 mm? 0 852 54.58 129.439
Khoang cach tir bién xa nhat ca mién bé
7 téng chiu kéo dén trong tam cla cét thép x8 mm 0 265 55.28 88.61
chiu nén
8 DO dm tuong di x10 % 34 82 60.22 13.889
9 D6 tudicla bé tong x11 ngay 7 120 28.15 11.225
10  Cudng do bé téng tai ting doé tudi x12 Mpa 10 46 26.75 7.074
11 Chiéu dai nhip x13 mm 1000 7925 3704.84 1717.36
12 Tylé nhip/chiéu cao dam x14 - 8 70 23.04 13.924
13 D6 tudi tai thoi diém chat tai x15 ngay 6 232 473 55.629
14 lr\gomen uon 16n nhat do tai trong dai han gay <16 N 0 54622 461423 7741
15 Hé sé anh hudng dén céng thiic d6 vong dan 17 i i i i i
héi phu thuéc phuong phéap théng ké
16 g"é‘;"r‘:" I6n nhatdo tai trong daihan tam thai ;¢ N.m 0 75490 743477  14396.851
17 Hé s6 anh hudng dén cong thiic d6 vong dan %19 i i i i i
héi phu thuéc vao tai trong phan bé déu
18 B0 vong tuc thoi x20 mm 1 431 15.09 31.834
19 Do tuo[cu_a bé tong tai thai diém tinh toan <21 ngdy 88 3123 876.07 706.796
tong dé vong
20 Téng dé véng y mm 2 189 29.54 32.983

2.5. M6 hinh hoc may dugc téi uu héa

Cac md hinh don va moé hinh hén hop lan lugt dugc so sanh va
danh gia bang cac chi s6 hiéu suat dé chon ra mé hinh c6 hiéu suat
t6t nhat. M6 hinh dugc chon sé dugc téi uu lai mot lan nita bang
thuat toan téi uu hoa Jellyfish Search nham dat dugc hiéu qua du
bao tot nhat.

Ban dau dit liéu dugc phan thanh tap di liéu hoc tap (learning
data) va tap dir liéu kiém tra (test data) bang ky thuat xac thuc chéo
10 1an nam gidm thiéu sai léch trong viéc Idy mau ngau nhién. Tiép
theo d{r liéu hoc dugc phan chia thanh tap dao tao (training data)
va tap xac thuc (validation data) vai ty 1& lan lugt 1a 30% va 70%.

Dau vao clia hé théng la cac siéu tham s6 sé dugc hiéu chinh
bdng thuat toan JS v6i ham muc tiéu la:

f(hyperparameters) = MAPE}¢Ldation (6)

Trong dé cac siéu tham sé hyperparameters = [N,,, Ny, o];

VGi Ny,: S6 nut notron, Ny: S6 lugng tui cia mé hinh bagging, o:
bé rong ham nhan ctia m6 hinh ANN.
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Hinh 4. Két qua xac thuc chéo ting véi Fold 1.

S6 luong jellyfish va vong lap la 50 va 20 d8i véi thuat todn
Jellyfish va viing tim kiém tir [1 102 102] dén [5x10% 10% 10%]. Két qua
nay sé dugc st dung dé€ huan luyén mé hinh bagging ANN ban dau
trong dir liéu hoc tap va sé dugc xac thuc lai @6 chinh xac bang dir
liu kiém tra ban dau. Hinh 3 trinh bay Pseudocode mé hinh lai JS-
Bagging ANN.
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Hinh 5. Két qua xdc thuc chéo ting vdi Fold 10.

3. THU THAP VA XU LY DU LIEU

D@ liéu dugc thu thap tir bo di liéu géc trong nghién clu clda
Nguyen va cac cdng su vao nam 2023 [11] bao gém 217 mau dam
bé téng cot thép dugc Nguyen chon loc tir nghién clru clia Espion
[12]. Pay déu la cac dam don va dugc phan té tai déu trong vong 28
ngay.

Nghién ctiu bao gébm 21 bién dau vao va 1 bién dau ra dugc
trinh bay cu thé trong Bang 1. Do hai bién x6 (Ham luong c6t thép
chiu kéo), va x9 (Ham lugng c6t thép chiu nén) la két qua clia x4, x7
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vax1 (trong do, x4 la dién tich c6t thép chiu nén, x7 la dién tich c6t
thép chiu kéo va x1 la dién tich tiét dién mat cat ngang) nén hai bién
x6 va x9 sé bj loai ra trong khi xay dung mo hinh.

4. KET QUA MO HINH

4.1. Két qua va danh gia mé hinh du bao

B dirliéu hoc tap dugc xéac thuc chéo qua 10 lan chay (K=10) va
1ay két qua trung binh dé dadm bao tinh khach quan va gidm thiéu

Bang 2: Bang két qua téng hgp cac mé hinh tinh toan

cac yéu t6 khach quan anh hudng dén di liéu dau vao. Cac két qua
cia mé hinh dugc trinh bay trong Bang 2 chi ra rang mé hinh JS-
Bagging ANN cho két qua vugt troi hon so v6i cac mé hinh truyén
théng vai cac chisé lan lugt la: R = 0.976; MAE =3.988 (mm); RMSE =
1.777 (mm); MAPE = 14.154% va Sl = 0.00 (1). Do d6 mé hinh JS-
Bagging ANN |a mé hinh t&i uu nhat dé du béo d6 véng dai han cta
dam BTCT. Hinh 4 va 5 la vi du vé két qua ung véi Fold 1 va Fold 10.

STT M6 Hinh R MAE (mm) RMSE (mm) MAPE (%) SI (Rank)
I. M& hinh don - Single
1 ANN 0.976 7.832 9.565 34.716 0.67 (18)
2 SVR 0.923 7.133 13.407 31.616 0.75(19)
3 CART 0.943 5.382 10.994 23.854 0.45(11)
4 LR 0.934 7.796 11.722 34.557 0.79 (21)
11.M6 hinh hén hgp - Voting
5 ANN+SVR 0.966 6.090 9.566 26.994 0.47 (14)
6 ANN+LR 0.967 6.244 9.012 27.675 0.47 (15)
7 ANN+CART 0.971 5.593 8.516 24.791 0.37 (8)
8 SVR+LR 0.934 7.309 12.047 32.396 0.73(19)
9 SVR+CART 0.946 5.439 11.046 24.107 0.45(11)
10 LR+CART 0.954 5.773 9.924 25.588 0.46 (13)
11 ANN+SVR+LR 0.960 6.246 9.791 27.687 0.50 (15)
12 ANN+LR+CART 0.969 5.421 8.558 24.027 0.36 (7)
13 ANN+SVR+CART 0.966 5.300 9.142 23.491 0.36 (5)
14 SVR+LR+CART 0.949 5.968 10.669 26.453 0.50(17)
15 ANN+SVR+CART+LR 0.963 5.591 9.302 24.781 0.40 (10)
l1l. M6 hinh hén hgp - Bagging
16 ANN 0.976 3.974 7.263 17.613 0.14 (2)
17 SVR 0.844 7.153 17.704 31.707 0.99 (23)
18 LR 0.905 7.619 14.073 33.773 0.86 (22)
19 CART 0.961 4.494 9.482 19.918 0.27 (4)
IV. M6 hinh hén hgp - Stacking
20 ANN-(ANN+SVR+CART+LR) 0.972 5.667 8.562 25.118 0.38(9)
21 SVR-(ANN+SVR+CART+LR) 0.969 4.614 8.864 20.449 0.26 (3)
22 LR-(ANN+SVR+CART+LR) 0.971 5.138 8.089 22.773 0.31 (5)
23 CART-(ANN+SVR+CART+LR) 0.864 7.709 16.557 34.169 1.00 (24)
V. M6 hinh lai
24 JS-Bagging ANN (Mé hinh dé xuat) 0.976 3.988 1.777 14.154 0.00 (1)
Bang 3: Bang so sanh hiéu sudt cia mé hinh JS-Bagging ANN so véi cac cdng bé trudc day
Mo hinh R MAE (mm) RMSE (mm) MAPE (%) Sl (Rank)
RBFNN [13,14] 0914 6.640 11.400 28.950 0.73 (5)
MARS [15,16] 0.882 7.000 12.890 44.790 1.00 (7)
FBI-LSSVR [11] 0.816 5.890 11.960 34.390 0.89 (6)
SPM-FBI-LSSVR [11] 0.904 5.180 10.520 22.310 0.53(3)
PES-FBI-LSSVR [11] 0.888 5.730 11.670 22.900 0.64 (4)
WFR-FBI-LSSVR [11] 0.953 4.090 7.860 15.210 0.21(2)
Bagging ANN - JS (M6 hinh dé xuat) 0.976 3.988 1.777 14.154 0.00 (1)
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4.2. Panh gia va so sanh két qua ciia mé hinh dé xuat véi
cac nghién citu trudc

Pé kiém ching lai d6 chinh xac cia mé hinh dugc dé xuét,
nghién ctiu nay sé so sanh két qua tinh toan clia mé hinh JS-Bagging
ANN véi cac m6 hinh tir cac nghién ctru da dugc cong bé trudc day.
Két qua tai Bang 3 cho thdy mo hinh dé xuat JS-Bagging ANN la mo
hinh t6i uu nhat so véi sdu m6 hinh nghién ctu con lai. Ngoai ra,
phuong phap ca hoc do Araujo (2005) [3] ¢6 sai s6 a 20%, I16n hon
sai s6 cla mé hinh JS-Bagging ANN (MAPE = 14.15%). Diéu nay cho
thay rang mé hinh dé xuat c6 do chinh xac cao va cé thé ap dung
trong thiét ké va phan tich két cau.

5. KET LUAN

Nghién cltu nay tap trung vao xay dung va so sdnh cdc mé hinh
hoc may khac nhau d€ du bao d6 vong dai han clia dam BTCT. Trong
dd c6 4 mo hinh don (ANN, SVR, LR, CART) va 3 mé hinh hén hgp
(Voting, Bagging, Stacking) dugc thuc hién théng qua 217 mau dam
BTCT dugc thu thap va x{ ly tur nghién ctu trudc. Qua dé mé hinh
hén hgp Bagging ANN c6 dé chinh xac cao nhat véi: R = 0.976; MAE
=3.974 (mm); RMSE = 7.263 (mm); MAPE = 17.613% la mé hinh t&i
uu nhat va 6n dinh nhat vai chi s6 SI= 0,14 (2) so véi 22 mé hinh con
lai trong qua trinh kiém tra.

Thuat toan t6i uu héa JS dugc sit dung dé t6i uu hoa cac siéu
tham sé ctia mé hinh dugc chon Bagging ANN nham tao ra mé hinh
du bao lai c6 hiéu sudt cao nhat. Xac thuc chéo 10 1an dugc st dung
dam bao dii liéu dao tao dugc 6n dinh va khach quan. K&t qua tinh
toadn vugt trdi so vGi cac cac nghién clu da céng bé véi R = 0.976;
MAE = 3.988 (mm); RMSE = 1.777 (mm); MAPE = 14.154% va SI = 0.00
(1), da chi rarang mé hinh JS - Bagging ANN rat hiiu hiéu dé du bao
dé véng dai han ctia dam BTCT.

TUu két qué nghién ctiu nay, c6 thé mé rong tng dung mé hinh
JS-Bagging ANN dé so sanh, nang cap hodc két hgp véi cac mé hinh,
phuong phap hoc may va thuat toan khac dé nang cao hiéu sudt
tinh toan vai nhiéu b dirliéu trong cac linh vuc khac nhau. M6 hinh
JS-Bagging ANN c6 thé dugc tan dung dé phat trién cac cong cu du
bao chinh xac hon, hé trg ra quyét dinh hiéu qua trong qua trinh
thiét ké cac du an xay dung.

Nghién ctu tiép theo tap trung vao viéc nang cao dé chinh xac
cGa mé hinh hoc méy bang cach so sanh cac thuat toan t6i uu héa
khac, stt dung ky thuat hoc sau. Ngoai ra, viéc phan tich d6 nhay ctia
céac bién cling nhu cac t6 hgp anh hudng dén doé chinh xac ctia mé
hinh sé dugc ti€p tuc nghién ctu.
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