Transport and Communications Science Journal, Vol 74, Issue 8 (10/2023), 923-933

Transport and Communications Science Journal

THE POTENTIAL APPLICATION OF ARTIFICIAL RABBITS
OPTIMIZATION ALGORITHM IN DIAGNOSING DAMAGES IN
SUSPENSION FOOTBRIDGE

Nguyen Ngoc Lan', Nguyen Huu Quyet?, Nguyen Thanh Toan'"
tUniversity of Transport and Communications, No 3 Cau Giay Street, Hanoi, Vietnam

2DX Laboratory, The University of Transportation and Communications Limited Company, No
3 Cau Giay Street, Hanoi, Vietnam

ARTICLE INFO

TYPE: Research Article

Received: 04/07/2023

Revised: 07/08/2023

Accepted: 16/08/2023

Published online: 15/10/2023
https://doi.org/10.47869/tcsj.74.8.6

* Corresponding author
Email: nttoan@utc.edu.vn; Tel: +84912175955

Abstract. Detecting damage in transportation infrastructure structures es is particularly
important to ensure safety and structural integrity. Using optimal algorithms in structural
health monitoring has shown promising results in recent years. Among them, the artificial
rabbits optimization (ARQ) algorithm is one of the newest optimal algorithms applied to
many optimization problems, including structural health monitoring. This article introduces
the potential of ARO in diagnosing damage to suspension footbridge. A finite element model
of the bridge will be built, and scenarios of damage will be simulated. The results show that
ARO is effective in identifying damage in structures and its performance is equivalent to
other optimal algorithms such as the teaching-learning-based optimization algorithm
(TLBO), the cuckoo search algorithm (CS), the genetic algorithm (GA), and the swarm
optimization algorithm (PSO). Moreover, ARO demonstrates superiority in terms of accuracy
and computation time.

Keywords: artificial rabbit optimization algorithm, diagnosing damages, suspension
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Tom tat. Cong tac gidm sét sac khoe két cau cac cdng trinh giao thong néi chung va cong
trinh cau noi riéng da va dang ngay mot tré nén quan trong trong cong tac duy tu, bao tri
nham dam bao an toan va tinh toan ven caa két cau. Trong nhimg nam gan day, viéc ung
dung céc thuat toan téi wu trong cdng tac giam sat sic khoe két cau da cho thay két qua dang
khich 1 véi do chinh xéc va tinh hiéu qua cao. Trong sé do, thuat toan téi wu tho nhan tao
(ARO) la mot trong nhitng thuat todn ti vu méi nhat da duoc ap dung hiéu qua cho nhiéu
linh vyc, tuy nhién kha ning ap dung cua thuat toan nay cho cong tac giam sat suc khoe két
cau van chua duoc kiém ching. Bai béo nay gisi thi¢u tiém nang cua thuat toan ARO trong
cbng tac chan doan hu hong cua cau treo day vong dan sinh Na Xé& (Nghé An). Cac két qua
cho thay rang thuat toan ARO hiéu qua trong viéc xac dinh cac hu hong trong két cau va hiéu
suét cua nod tuong duong hoac tdt hon so v&i cac thuat toan tdi uu khac nhu thuat toan téi wu
day-hoc (TLBO), thuat toan tim kiém chim ctc-cu (CS), thuat toan di truyén (GA), thuat toan
t6i wu bay dan (PSO). ARO ciing cho thay sy vuot troi hon vé thoi gian tinh toan, do vay kha
ning ung dung cua thuat toan ARO cho cdng tac chan doan hu hong cua két cau cong trinh
la hoan toan kha thi va ¢ nhiéu tiém ning phat trién.

Tir khéa: thuat todn tdi uvu hoa tho nhan tao, chian doan hu hong, cau treo dan sinh.
@ 2023 Truong Pai hoc Giao théng van tdi

1. PAT VAN PE
Céc thuat toan t6i wu hoa siéu mod phong (metaheuristic) da dugc chang minh 1a mot
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phwong phap tiép can trién vong dé giai quyet c4c van dé tbi wu hoa phirc tap trong nhiéu linh
vuc, bao gom ca giam sat suc khoe két cau (Structural Health Monitoring - SHM). SHM la mét
cong cu duoc phét trién nham dam bao an toan va tinh toan ven cua cac két ciu bang cach phét
hién va xac dinh cac hu hong hoac khuyét tat trong két cau [1-4]. Tuy nhién, cac phuong phap
truyén thdng cho viéc phét hién va xac dinh ton thwong doi hoi thoi gian tinh toan dang ké va
khong ludn déng tin cdy. Bang cach kham pha khong gian giai phap lon va tim kiém céc giai
phép téi wu, cac thuét toan téi wu hda c6 thé xac dinh su xuét hién, vi tri va mac do nghiém
trong caa cac hu hong trong céac két cau véi do chinh xac cao. Viéc ap dung cac thuat todn nay
trong hé thong giam sat suc khoe két cdu 13 mot linh vuc nghién ctru dang duoc quan tam véi
nhitng két qua trién vong va tiém ning cho sy phét trién trong twong lai.

Mot sb cac nghién ciu tiéu biéu vé viéc tng dung thanh cong cac thuat toan téi uu hoa
trong viéc chan doan hu hong c6 thé ké dén nhu: Hoa va cong sy dd xdy dung mang no ron
nhan tao va cai thién cac tham sé huan luyén trong thuat toan tim kiém chim ctc cu &p dung
trong két cAu cau dam [1]. Jung-Huai Chou da thyuc hién cac phép do vé chuyén vi tai mot bai
bac tu do, sir dung thuat toan tbi wu tién hda (Genetic Algorithm-GA) dé xac dinh chuyén vi tai
cac bac tu do chua duge do con lai va tra 16i cho cau hoi vé sy ton tai, vi tri va mic do cta hu
hong trong két cau [6]. Wei da cai tién thuat toan toi uu bay dan (Particle Swarm Optimization-
PSO) va &p dung cho ba ciu tric khac nhau, bao gom dam, gian va tim. Két qua cho thiy
phuong phap nay hiéu qua va hiéu qua dé xac dinh thiét hai cau tric khi xem xét cac nhiéu [7].
Nghién ctiru ciia Samir da dé xuat két hop thuat toan tbi wu day-hoc (Teaching-Learning-Based
Optimization-TLBO) v¢i thuat todn PSO va mang no ron nhan tao (ANN) trong viéc xac dinh
cac hu hong trong dam thép. Phuong phap di cho thay cac két qua kha quan véi cac trudng hop
gia dinh [8].

Ngay nay, voi su tién bo cua khoa hoc cong nghé, cac nha khoa hoc da nhan thiy riang cac
thuét toan trudc do t6n tai mot s6 nhugce diém vé su cau tao cua cac cong thirc cing nhu yéu
CAu V& c4c tham s6 tinh toan. Vi muc tiéu don gian hoa cac thuat toan, tiét kiém thoi gian tinh
toan ciing nhu 1dy cam hing tir tu nhién, thi thuat toan téi wu tho nhan tao (Artificial Rabbits
Optimization - ARO) [5] da dugc nghién ctru dé xuat. Phuong thirc hoat dong caa thuat toan
cling nhu mirc d6 hiéu qua khi dwoc 4p dung trong cong tac chian doan hu hong két ciu, cu thé
la cau treo day vong s& duoc trinh bay ¢ nhitng noi dung tiép theo cua bai béo. Cac két qua nay
s& duoc danh gia so sanh vai cac thuat toan téi wu khac nhu: CS, TLBO, GA va PSO dé xac
dinh tinh kha thi cting nhu murc d6 hiéu qua cua thuat toan ARO.

2. THUAT TOAN TOI UU THO NHAN TAO (ARO)

Trong ty nhién, hau hét cac loai déu c6 nhiing k¥ ndng hodc diéu kién sinh tén khac nhau,
diéu nay dan dén nhitng diém khac biét giira con mdi va dong vat sin moi. Tuong ty nhu tat ca
cac loai sinh vat khac trong hé sinh théi ty nhién, tho ciing phai tién hoa dé sinh ton, dac biét 1a
vé hanh vi kiém an va 1an trén dong vat sin méi. Trong ty nhién, véi tam nhin rong va dugc
quan sat tir c&c vi tri trén cao nén tho co thé dé dang xac dinh khu vuc ¢6 dbi dao an. Véi kha
ning dio hang rat gioi thi chién luoc dé tranh duogc cac loai san moi dau tién 1a ching s& dao
rat nhiéu hang quanh khu vuc t6 cia chling va chi chon ngau nhién mot hang dé tri an, diéu
nay tao su kho khin cho cac loai dong vat san mdi khi chon dugc chinh x4c dugc hang ma thé
dang an nap. Bén canh d6, tho co co thé gon nhe véi 2 chan truéc ngan va chan sau dai véi co
khoe nén viéc chay thoét khoi cac loai sin moi cling s&€ nhanh hon. Hon ntta, khi dang chay trén
thi tho ciing c6 thé dot ngot dirng lai hoac chuyén huéng khac hay tham chi 1a quay nguoc lai
dé tao su bat ngo cho cac loai sin moi.
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Thu4t toan ti wu hoa thé nhan tao do Wang (2022) [9] dé xuat da mé hinh héa hanh vi cua
tho, bao gdm ca qué trinh kiém an va 1an trén khoi nhitng ké sian mdi nham phuc vu giai cac bai
toan tbi wu. Céc hoat dong tim kiém duoc thé hién thong qua hai hanh vi chinh nhu sau:

Hanh vi 1 - Tim kiém thetc dn: Tho chi kiém an (chu yéu 12 c6, than cdy mém va |4 cay)
& nhitng khu vyc cach xa hang ciia chiing dé tranh bi cac loai san moi khac rinh rap. Nhu vay,
mdi cé thé tho sé& tao ra mot hé théng khong gian thirc an riéng, didu nay gay ra nhiing khé khin
nhat dinh cho nhiing loai dong vat sdn mdi khac khi san tim tho. M6 hinh toan hoc vé duong di
kiém an cua tho duoc dé xuat nhu cong thie (1) sau day:

Bi(t + 1) = k;(6) + L.m. (ky(®) — K;(6)) + round (0,5 + (0,05 + 7). ay) "

j=1.,nvai+#]j

Vai Bi(t + 1), k;(t) va k;(t) 1an luot 12 vi tri cua tho tha i tai thoi diém (¢ + 1), (£) va
ctia chu tho thir j tai thoi diém (¢); n 12 s6 luong dan sb cua tho; L thé hién quang dudng tho di
chuyén véi véc-to hudng di chuyén 1a m; r 1a tham sé ngau nhién tir 0 dén 1 va gié tri phan
phdi chuan aj.

Hanh vi 2 — Lyra chen vj tri @n ndp ngdu nhién: Trong khu vyc an nau, tho sg tao ra hoa
mu déanh ltra cac dong vat san moi bang cach dao mot so hang khac twong tu Xxung quanh hang
ctia ching va lya chon ngau nhién noi an nap. Diéu ‘nay giup tang thém xéac suit séng sot cho
tho truéc mong vubt cua nhiing loai dong vat sin moi. Dua trén dac tinh vé kha nang lwa chon
vi tri an nap ngau nhién nay cua loai tho, hanh vi thir hai dwgc mé phong theo cong thic (2):

bij() = k() +H.g . Jk(t),i=1,..,n )

Trong d6: H la tham s che giau, trong sudt qua trinh Iap giam tuyén tinh tir 1 dén 1/T voi
mat nhiéu loan ngau nhién; Bi_]- (t) 12 mot hang duoc chon ngiu nhién dé trén tranh nguy hiém
va g latham s6 an can tim. Sau khi tho song s6t sau ca hai giai doan tim kiém thirc &n va an
nap ngau nhién khoi nguy hiém. Vi tri caa con tho thir T dugc tinh todn theo céng thac (3) la:

k@ f(R©) <@ E+D)
pe+1) f(K(®)> F(Bit + D)

Kiém sodt ning lwong: Trong chudi thirc an, thé nam & vi tri thap nén cé nhiéu loai san
mdi hon. Viéc thoét khoi nguy hiém s& anh hudng twong ddi Ion dén niang lugng cua tho, vi thé
viéc kiém soat nang luong con lai trong mdi chi tho 1a viéc can thiét dé sinh ton tét hon. Viéc
kiém soat ning luong gitp cho tho lya chon mot trong hai hanh vi trén véi hiéu qua téi uu nhét.
Mot yéu t quan trong trong ARO Ia hé sb nang luong (energy factor - EF).

EF(t) = 4(1——)ln— r e [0:1] (4)

TUy theo gia tri cua EF ma thuat toan sé hoat dong theo hanh vi 1 hoac 2. Theo cong thuc
(4) néu EF(t) > 1 s&theo hudng khao sat tham do, con EF (t) < 1 s& lan trén. Thuat toan ciing
glong nhu viéc thuc hién lp di 1ap lai cac hanh trinh, tir d6 can bang cac quy trinh dé dat hiéu
qua tt nhat. So do khéi caa thuat toan ciing duoc thé hién trong hinh Hinh 1 :

ki(t+1) = ©)
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Khéi tao cac vi tri tho va thong s kiém soat

v

Tinh toan hé s nang lugng EF <

v

Ding

Néu EF > 1

1 hang dé lan trén

Dao hang va chon ngau nhién

v

Chon ngiu nhién 1 ca thé tho

va thuc hién di ki€ém an

Tinh toan gia tri hoi tu

Ll Y ~ ~ . r 2 2 hl
va cap nhat vi tri cia tho

v

Cap nhat gia tri tot nhat

ba dap tng
cac diéu kién dum

Pua ra két qua tot nhat

Hinh 1. So d6 khdi phuong thirc hoat dong ciia thuat toan ARO.

Sai

3. UNG DUNG THUAT TOAN ARO TRONG PHAT HIEN HU HONG KET CAU
CAU TREO NA XA

3.1. Giéi thiéu chung vé ciu treo dan sinh Na X4

_ Cau treo day v8ng dan sinh Na X4 nam tai x& Chau Hoan, huyén Quy Chéu, tinh Ngh¢ An.
Cau dugc khoi cong xay dung vao thang 8/2008 va hoan thanh dwa vao st dung tir thang 5/2009
v6i muc dich phuc vu chu yéu cho nhu cau di lai ctia nguoi dan dia phuong véi tai trong chinh

la xe may, xe thd, gia suc va ngudi di bd. Mot sb thdng sé ky thuat co ban trong Bang 1:

Bang 1. Thong s ky thuat ctia cau Na Xa.

Pic diém Chi tiét Pic diém Chi tiét
Kho cau B 1,5+2x0,08=1,66m | Dam ngang thép hinh 1200
Quy trinh thiétké | 22TCN 18-79 Dam doc thép hinh 1150
Chiéu dai toan cau | Lc = 125,83m Hé giang gi6 thép tron D20
Chiéu dai nhip chinh | Ln = 78m Cép chdng lic ngang | thép tron D21,5
Cép chu D56mm M cau Bé tong cot thép
Ban mat cau Thép tim Thap cau Céc loai thép té hop
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Hinh 3. Thép cau.

3.2. M6 hinh phan tir hitu han

Xay dung mé hinh phan tir hitu han cua cau treo day véng dan sinh bing bo céng cu StaBIL
[10] trén nén tang chwong trinh Matlab. Cac s6 liéu mo hinh da duoc cap nhat dya trén két qua
do dao dong tong thé cua két cau bang cac cam bién gia toc c6 do nhay cao [11]. Mot sé thong
tin vé mo hinh duoc liét ké trong Bang 2:

Hinh 4. M hinh ciu.

Bang 2. M6 hinh phan tu hitu han.

Pic diém vé md hinh Gia tri

S6 nat (Pai dién cho céac giao diém) 198
S6 phan tir (Pai dién cho céc phan tir cua két cau nhu dam doc, dam

) Al L 300
ngang, cap treo day vong, thanh treo, thap cau.)
M6-dun dan hoi cia thép (GPa) E =210
Hé s6 Poét-xong v=0,3
Trong lugng riéng (kg/m®) p = 7850
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Mode 1 —f=0,5294 Hz

Mode 3 - =0,8034 Hz

Mode 5—-f=1,0712 Hz

Hinh 5. Sau dang dao dong dau tién cua cau treo Na Xa [11].

Mode 2 — f = 0,5426 Hz

Mode 4 — f = 0,9360 Hz

Mode 6 — f = 1,1485 Hz

3.3. Ap dung thuit toan t6i wu thoé nhan tao

’ Nhém déanh gia kha ndng (mg dung cua thuat toan ARO trong viéc chan dodn hur hong trong
ket cau, cac truong hop hu hong dé dugc dua vao mo hinh phan tu hitu han cau treo bang cach

thay doi do cing cua nhing phan tir hu hong gia dinh, tuong duong véi viéc thay doi cac gia

tri mo-dun dan hoi cua chung. Hai truong hop hu hong gia dinh duoc dé xuit nhu sau:

Truong hop 1 (hu hong tai 1 vj tri): md-dun dan hoi cua phan tir thir nhat suy giam 26%.

Truong hop 2 (hu hong tai nhiéu vi tri): md-dun dan hoi cua phan tir phan tir thi nhat, thir
ba va thir tu suy giam lan luot la 31%, 26% va 13%. Tan s6 hu hong trong cac trueong hop da

duoc tong hop trong Bang 3:

Bang 3. Tan s6 dao dong riéng.

Dang dao dong Tan s6 dao dong (Hz)
i j MO hinh khéng hu héng Truong hop 1 Truong hop 2
1 0,5294 0,5292 0,5288
2 0,5426 0,5425 0,5422
3 0,8034 0,8032 0,8031
4 0,9360 0,9357 0,9352
5 1,0712 1,0710 1,0706
6 1,1485 1,1485 1,1485
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~
"~

Truonghopl | | Trudnghop? | \ﬁg\

Hinh 6. Vi tri phan tar hu hong gia dinh.

Ham muc tiéu t6i wu ca thuat toan dugc xac dinh dua trén su thay doi cua cac tan sé dao
dong ty nhién cua két cau. Tan sé dao dong la thdng s6 c6 do nhay cao véi nhiing sy thay doi
vé tng xir dong cua két cau ciing nhu cac hu hong xuat hién trong két cau. Ham muc tiéu dé
xuat OF ¢6 dang nhu sau:

OF = T[54 = S0 - 3%/ ©)

Trong d6: f = 6 la sb tan sé dao d()ng tu nhién twong wng cua két ciu, w; 1a tin s dao
dong ty nhién duoc md phong ban dau va @; 1a tn s6 dao dong tu nhién twong tng sau khi hu
hong xuat hién trong két cau. Ngoai ra, nham thé hién muac d6 hiéu qua vé thoi gian tinh toan
va d6 chinh x&c cua thuat toan ARO, mét sé thuat toan téi wu héa phd bién nhu thuat toan tii
wu bay dan (PSO), thuat toan di truyén (GA), thuat toan day-hoc (TLBO), thuat toan tim kiém
chim cuc-cu (CS) ciing dugc ap dung so sanh. Cac két qua so sanh cua nhung thuat toan dé xuat
v6i cac thong s6 t6i wu hoa glong nhau nhu sé lwong khong gian tim kiém la nPop = 200 va
s6 vong lap la niter = 300. Cu hinh méy tinh dugc sir dung trong qua trinh tinh toan la 12th
Intel® Core™ 17-12700F 32GB RAM, NVIDIA GeForce 3060 RTX.

-3
1 210
—CS —CS
16 TLBO TLBO
—GA —GA
——PS0 —PSO
14 ——ARO —— ARO
12 o341 Ll
_‘? 10 9.33 ? 12
5 ——— 5 wl
= 932 =
- 8 - 8}
b ©
(O] 9.31} (0] 6!l
6 ———
Y e — —— ]
4 199.9992 199.9996 200 1994 199.¢€ 199.8 00
2
|
0
0 50 100 150 200 0 50 100 150 200
Sé vong lap Sé vong lap
(a) Truong hop 1: Hu hong 1 vi tri (b) Truong hgp 2: Hu hong nhiéu vi tri

Hinh 7. Biéu dd hai tu.
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Truong hop 1: Hu hong 1 vj tri Truong hop 2: Hu hong nhiéu vi tri
30.00 40.00
55 0o 3500
9 $£30.00
5.20.00 =
%92 22500
;;15.00 EZO-OO
210,00 215.00
> £10.00
5.00 5.00
0.00 - e 0.00 - . ] .
Element1 2 3 4 5 6 7 8 9 10 Element1 2 3 4 5 6 7 & 9 10
®Huhong WARO =CS mTLBO mPSO ®GA ® Huhong WARO =CS =mTLBO mPSO mGA
(a) Truong hop 1: Hu hong 1 vi tri (b) Truong hop 2: Hu hong nhiéu vi tri
Hinh 8. Xac dinh vi tri hu hong.
Truong hop 1: Hu hong 1 vi tri Truong hop 2: Hu hong nhiéu vi tri
7000 8000
6727.37 6721.34
2 6000 5360.28 5384.35 & 7000
E = 6000
g 2000 5 5000
<5 4000 3500.71 E=
& 3338.02 E 4000 3457.80 353597 334329
_53000 2328.03 -§3000
5 2000 g 2000
= 1000 E 1000
0 0
HARO mCS mTLBO mPSO mGA mARO mCS mTLBO mPSO mGA
(a) Truong hop 1: Hu hong 1 vi tri (b) Truong hop 2: Hu hong nhiéu vi tri

Hinh 9. Thoi gian tinh toan.

Trong truong hop 1, két cau chi ¢6 1 phan tir hu hong, tat ca cac thuat toan déu co két qua
Vvé6i d6 chinh xac trong ddi cao vé vi tri va mie do tai vong lap thar 100 va on dinh dén hét qua
trinh tinh toan. Vé thoi gian tinh todn, ARO vuot troi hon tit ca cac thuat toan con lai khi chi
méat khoang 2300 gidy trong cac lan chay.

Véi trudng hop két cau ¢ nhiéu vi tri hu hong hon, day ciing 14 bai toan phic tap co the
gap nhiéu sai s6 trong qué trinh tinh toan. C6 thé thay rd trong Hinh va Hinh , ca 3 thuat toan
TLBO, PSO va GA déu mic tai cac vi tri ti wu cuc bo, viéc xac dinh hu hong trong két cau chi
tai phan tir dau tién va khong thay d6i tir 1an lap thir 20 dén hét Ian lap cudi cung. Nguoc lai
theo Hinh , thuat toan ARO c6 do hoi tu 12 tot nhat so véi cac thuat toan con lai. Ngoai ra, ARO
cling d3 xac dinh phan tir hu hong va mirc do suy giam mé dun dan hoi cua cac vi tri hu hong
trong két cdu rat chinh xé&c. Thuat toan CS mac du ciing da c6 d6 hoi tu khé tét va xac dinh
chinh xac duoc vi tri hu hong, tuy nhién da gap nhiéu sai s6 vé mic do. Thuat toan ARO ciing
cho thiy kha ning wu viét trong thoi gian tinh toan khi cé thoi gian tinh toan nhanh nhat trong
s6 céc thuat toan duoc so sanh dé phét hién ra cac hu hong trong két cau cau treo day véng
(Hinh 9).

4. KET LUAN

Bai bao dd dé xuat 4p dung thuit toan ti wu tho nhan tao ARO trong viéc x4c dinh hu hong
cua két cau. Vi nhitng vu diém nhu thoi gian tinh todn nhanh véi @6 hoi tu va chinh xac tot,
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thuat todn ARO da dap g duoc yéu cau vé su chinh xac trong viéc phat hién ding vi tri ciing
nhu mérc d6 cua nhitng trudng hop hu hong gia dinh cia mot két cau cau treo day véng dan
sinh dién hinh tai Viét Nam. Bén canh d6, ARO con cho thay su vuot troi khi so sanh hiéu ning
va thoi gian tinh todn vai céc thuat toan phd bién trudc d6 nhu CS, TLBO, GA va PSO.

Két qua cua bai bo 1a tién dé cho nhitng nghién ctru chuyén sau hon trong thoi gian t6i vé
nhitng (ng dung ciing nhu cai tién cua cac thuat toan tdi vu méi dwoc ap dung cho cac két cau
phd bién hién nay. Qua d6, c6 thé phat trién nhiing tién bo vé khoa hoc va céng nghé trong linh
vuc giam sét suc khoe két cau cong trinh.
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