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Tom tit nhirng déng gép mai vé ly luan va hoc thuat cia luan an:

Trong luan an nay, mot thuat toan duoc goi la ABDE (ANN-Based Differential Evolution)
duoc gisi thidu dé tim kiém thiét ké ti wu ciia cac cau trdc tAm composite gia cudng. Thuat
toan méi 1a sy két hop gita Mang no ron nhén tao (Artificial Neural Network-ANN) va
thuat toan Differential Evolution (DE) duogc cai tién dé giai quyét cac bai toan téi wu hoa.
Trong k¥ thuat nay, ANN gitip nhanh chéng tinh todn dép ung cua cau tric, dugc ap dung
trong budc xu ly rang budc hozc tim gia tri caa ham muc tiéu caa thuat toan DE. Biéu nay
gilp giam chi phi va ting tbc do hoi tu mot cach dang ké. Ngoai ra, mot cach tiép can méi
dwa trén sy két hop giira phién ban cai tién cua thuat toan Jaya (iJaya) va phuong phéap xéac
dinh vong lap don (Single-Loop Deterministic Methods-SLDM) duoc dé xuat dé giai quyét
bai toan Toi wu hoa thiét ké dua trén do tin cay (Reliability-Based Design Optimization-
RBDO) cua dam composite Timoshenko. Cac dam duoc sir dung trong nghién ciru nay la
cac mo hinh dam Timoshenko duoc tinh toan dua trén cong thic giai tich. Phuong phap
dé xuat bao gom hai budc riéng biét. Pau tién, bai toan tdi wu hoa dam composite
Timoshenko duoc xay dung va giai quyét bang mot bién thé cai tién cua thuat toan ti uu
hoa Jaya. Tht hai, bai toAn RBDO duoc thanh lap va giai quyét bang cach sir dung SLDM
dé bién doi cac rang budc xac suat thanh cac rang budc tinh dinh twong (g véi do tin cay
nhat dinh. Sau khi bai toan ti wu hoa véi rang budc tinh dinh duoc thanh Iap, thuat toan
murc d6 tin cay nhat dinh.

Luan 4n nay dong gbp mot s6 diém mai la sau:

« Thuét todn DE cai tién dd duoc &p dung lan dau tién dé giai bai toan thiét ké téi wu cua
c4u tric tim composite gia cudng va két qua cho thay hiéu qua va do chinh xac tét.

« M6t sy hiéu chinh trong buéc lya chon cua thuat toan Jaya ban dau st dung k¥ thuét lua
chon tinh hoa (Elitist Selection Technique) dugc dé xuat dé tao thanh maot phién ban cai
tién cua thuat toan. Thuat toan Jaya cai tién sau d6 dugc ap dung dé giai quyét bai toan toi
vu héa cau tric dim composite Timoshenko va thu duoc két qua rat tot.
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« Thuét todn Jaya cai tién lan dau tién dugc két hop véi Phuong phap xac dinh vong lap
don nghiém toan cuc (SLDM) dé tao ra mot bo cong cu méi co tén (SLMD-iJaya) dé giai
quyét bai toan Tbi wu hoa thiét ké dwa trén do tin ciy cua cac md hinh dam composite lién
tuc. Cac thiét ké t6i wu thu dugc tot hon va an toan hon nhiéu so véi cac thiét ké khdng co
xét dén yéu td do tin cay.

« Mang no-ron nhan tao duoc str dung dé xap xi dap (rng cua tim composite gia cudng va
ANN duoc tich hop véi thuat toan Differential Evolution cai tién dé tao thanh thuat toan
méi goi la thuat toan ABDE. Thuit todn méi nay sau d6 duoc ap dung dé tim kiém thiét
ké téi rru ctia C4c cau trdc tAm composite gia cudng. Bai toan dau tién 12 toi wu hoa cac goc
huéng soi cua tAm composite gia cudng va van dé thtr hai 12 giai tim d6 day téi vu cta tim
composite gia cuong. Két qua thu duoc cho thay tinh hiéu qua cao cua bo cong cu ABDE
duoc dé xuat.

Tp. Hé Chi Minh, ngay 19 thang 03 nam 2020
Nghién cwiu sinh
(Ky va ghi ro ho tén)

Ngwoi hwéng dan chinh Nguwoi hwéng dan phu
(Ky va ghi rd ho tén) (Ky va ghi rd ho tén)
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Summary of theoretical and academic contribution of the dissertation:

In this thesis, a so-called ABDE (ANN-Based Differential Evolution) algorithm is
introduced to search for the optimal design of stiffened composite plates. The new
algorithm is the combination of the Artificial Neural Network (ANN) and an improved
Differential Evolution (DE) algorithm to solve optimization problems. In this technique,
the ANN helps to quickly compute the respond of the structure which is used in constraint
handling step or finding the value of objective function of DE algorithm. This helps to
decrease the cost and increase the speed of convergence effectively. In addition, a new
approach based on a novel combination of improved version of Jaya algorithm (iJaya) and
a single-loop deterministic methods (SLDM) is proposed to solve for the Reliability-based
Design Optimizaion (RBDO) problem of Timoshenko composite laminated beams. The
beams used in this research are Timoshenko beam models computed based on analytical
formula. The proposed approach consists of two separate steps. First, the optimization
problem of a Timoshenko composite laminated beam is formulated and solved by an
improved variant of Jaya optimization algorithm. Secondly, the RBDO problem will be
established by using SLDM to convert probabilistic constraints into deterministic ones
corresponding to certain reliability. After the optimization problem with the deterministic
constraints is established, the iJaya algorithm will be applied to solve for the optimal
solution. Therefore, the optimal solution obtained is consistent with certain level of
reliability.

This thesis contributes several novelty points coined in the following sentences:

 The improved Differential Eovlution algorithm has been first time applied to solve for
optimal design of the stiffned composite plate and the results showed its good effectiveness
and accuracy.

* A modification in selection step of the original Jaya algorithm using the elitist selection
technique is proposed to form an improved version of the algorithm. The improved Jaya
algorithm is then applied to solve for optimization problem of the Timoshenko composite
beam and obtained very good results.



* The improved Jaya algorithm has first time been combined with the Global Single-Loop
Deterministic Methods (SLDM) to generate a new tool set called (SLMD-iJaya) for solving
the Reliability-Based Design Optimization of the continuous composite beam models. The
optimal designs obtained is much better and safer than those without the reliability factor.

* The Artificial Neural Network is used to approximate the respond of the Stiffened
composite plate and the ANN is integrated to the improved Differentail Evolution
algorithm to form a new algorithm call ABDE (ANN-based Differential Evolution)
algorithm. This new algorithm is then applied to look for optimal design of the stiffened
composite plate structures. The first one is to solve for optimal fiber angles of the stiffened
composite plate and the second problem is solve for the optimal thickness of the stiffened
composite plate. The results obtained show the highly effectiveness performance of the
proposed ABDE tool set.

HCMC, 19/03/2020

Supervisor PhD candidate
(Sign and name) (Sign and name)



ABSTRACT

Almost all design problems in engineering can be considered as optimization
problems and thus require optimization techniques to solve. During the past few
decades, many optimization techniques have been proposed and applied to solve a
wide range of various optimization problems. Among them, meta-heuristic
algorithms have gained huge popularity in recent years in solving design
optimization problems of many types of structure with different materials. These
meta-heuristic algorithms include genetic algorithms (GA), particle swarm
optimization (PSO), bat algorithm (BA), cuckoo search (CS), differential evolution
(DE), firefly algorithm (DA), harmony search (HS), flower pollination algorithm
(FPA), ant colony optimization (ACO), bee algorithms (BA), Jaya algorithm and
many others. Among the methods mentioned above, the Differential Evolution is
one of the most widely used methods. Since it was first introduced in 1997 by Storn
and Price [1], many studies have been carried out to improve and apply DE in solving
structural optimization problems. The DE has demonstrated excellently performance
in solving many different engineering problems. Besides the Differential Evolution
algorithm, the Jaya algorithm recently proposed by Rao [2] in 2016 is also an
effective and efficient methods that has been widely applied to solve many
optimization problems and showed its good performance. It gains dominate results
when being tested with benchmark test functions in comparison with other meta-
heuristic methods. However, like many other population-based optimization
algorithms, one of the disadvantages of DE and Jaya is that the computational time
obtaining optimal solutions is much slower than the gradient-based optimization
methods. This is because DE and Jaya takes a lot of time evaluating the fitness of
individuals in the population. To overcome this disadvantage, Artificial Neuron
Networks (ANN) are studied to combine with the meta-heuristic algorithms, such as
Differential Evolution, to form a new approach which has the ability to solve the
design optimization effectively. Moreover, one of the most important issues in
engineering design is that the optimal designs are often effected by uncertainties
which can be occurred from various sources, such as manufacturing processes,
material properties and operating environments. These uncertainties may cause
structures to improper performance as in the original design, and hence may result
in risks to structures [3]. Therefore, reliability-based design optimization (RBDO)
can be considered as an important and comprehensive strategy for finding an optimal
design.

In this dissertation, an improved version of Differential Evolution has been first time
utilized to solve for optimal fiber angle and thickness of the stiffened composite.
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Secondly, the Artificial Neural Network is integrated to the optimization process of
the improved Differential Evolution algorithm to form a new algorithm call ABDE
(ANN-based Differential Evolution) algorithm. This new algorithm is then applied
to solve optimization problems of the stiffened composite plate structures. Thirdly,
an elitist selection technique is utilized to modify the selection step of the original
Jaya algorithm to improve the convergence of the algorithm and formed a new
version of the original Jaya called iJaya algorithm. The improved Jaya algorithm is
then applied to solve for optimization problem of the Timoshenko composite beam
and obtained very good results. Finally, the so-called called (SLMD-iJaya)
algorithm which is the combination of the improved Jaya algorithm and the Global
Single-Loop Deterministic Methods (SLDM) has been proposed as a new tool set
for solving the Reliability-Based Design Optimization problems. This new method
is applied to look for optimal design of Timoshenko composite beam structures with
certain level of reliability.



TOM TAT

Hau nhu cac bai toan thiét ké trong k§ thuat c6 thé dugc coi 1a nhitng bai toan tdi uu
va do d6 doi hoi cac ky thuat téi uvu hoa dé giai quyét. Trong nhitng thap ky qua,
nhiéu k§y thuat toi vu hoa da duoc dé xuat va ap dung dé giai quyét mot loat cac van
dé khac nhau. Trong s do, cac thuat todn meta-heuristic da trd nén phé bién trong
nhitng nim gan day trong viéc giai quyét cac van dé toi vu hoa thiét ké cua nhiéu
loai cau tric véi cac vat liéu khac nhau. Cac thuat toan meta-heuristic nay bao gém
Genetic Algorithms, Particle Swarm Optimization, Bat Algorithm, Cuckoo Search,
Differential Evolutioin, Firefly Algorithm, Harmony Search, Flower Pollination
Algorithm, Ant Colony Optimization, Bee Algorithms, Jaya Algorithm va nhiéu
thuat toan khac. Trong s cac phuong phap dugc dé cap & trén, Differential
Evolution 12 mét trong nhitg phuong phap duoc st dung rong réi nhat. Ké tir khi
duogc Storn va Price [1] giéi thiéu lan dau tién, nhiéu nghién ciru da dugc thuc hién
dé cai thién va 4p dung DE trong viéc giai quyét cac van dé ti vu hoa ciu tric. DE
da chang minh hiéu suét tuyét voi trong viéc giai quyét nhiéu van dé ky thuat khéac
nhau. Bén canh thuat toan Differential Evolution, thuat toan Jaya duoc Rao [2] dé
Xuat gan day ciing 1a mot phuong phap hiéu qua va da duoc &p dung rong rai dé giai
quyét nhiéu van dé toi wu hoa va cho thay hiéu suat tot. N6 dat duoc két qua vuot
troi khi dugc thur nghiém vaéi cac ham test benchmark so véi cac phuong phap dua
trén dan sb khéac. Tuy nhién, giong nhu nhiéu thuat toan téi vu hoa dya trén dan sé
khac, mot trong nhitg nhuoc diém cua DE va Jaya la thoi gian tinh toan ti wu cham
hon nhiéu so véi cac phuong phap t6i wu hoéa dya trén do dbc (gradient-based
algorithms). Piéu nay 1a do DE va Jaya mat rat nhiéu thoi gian dé danh gia ham muc
tiéu cua cc cé thé trong bo dan sé. Dé khic phuc nhuogc diém ndy, cac mang no ron
nhan tao (Artificial Neural Networks) duoc nghién ctru dé két hop véi céac thuat toan
meta-heuristic, nhu Differential Evolution, dé tao thanh mot phuong phap tiép can
mai gilp giai quyét cac bai toan tdi uu hoa thiét ké mot cach hiéu qua. Bén canh do,
mét trong nhitng van dé quan trong nhat trong thiét ké ky thuat Ia cac thiét ké toi wu
thuong bi anh huong boi nhitng yéu té ngau nhién. Nhitng yéu té nay c6 thé xay ra
tir nhiéu ngudn khac nhau, chang han nhu quy trinh san xuat, tinh chat vat liéu va
mdi truong van hanh va cé thé khién cac cau tric hoat dong khong diing nhu trong
thiét ké ban dau, va c6 thé dan dén rai ro cho céc céu tric [3]. Do d6, toi wu hoa thiét
ké dua trén d6 tin cay (Reliability-Based Design Optimization) cé thé duoc coi 1a
mot chién lugc toan dién, can thiét dé tim kiém mot thiét ké tdi wu.

Trong luan an nay, lan dau tién mot phién ban cai tién cua phuong phap Differential
Evolution d3 duoc sir dung dé tim goc hudng soi tdi wu va do day cua tim gia cuong
vat ligu composite. Thir hai, Mang no ron nhan tao (ANN) duoc tich hop vao quy

6



trinh ti wu hoa thuat todn Differentail Evolution cai tién dé hinh thanh thuat toan
mai goi la thuat todn ABDE (Artificial Neural Network-Based Differential
Evolution). Thuat todn mai nay sau d6 duoc ap dung dé giai quyét cac bai toan téi
ru hoa cua cac cau tric tim composite gia cudng. Thir ba, mot k§ thuét lra chon
tinh hoa (Elitist Selection Technique) dugc sir dung dé hiéu chinh buéc lya chon cua
thuat toan Jaya ban dau dé cai thién sy hoi tu cua thuat toan va hinh thanh mot phién
ban mai cua thuat toan Jaya duoc goi la thuat toan iJaya. Thuat toan Jaya cai tién
(iJaya) sau d6 duoc &p dung dé giai quyét bai toan t6i vu hoéa dam Timoshenko vat
liu composite va thu duoc két qua rat tét. Cudi cung, thuat toan méi SLMD-iJaya
duogc tao thanh tir su két hop giita thuat toan Jaya cai tién va phuong phap vong 13p
don xéc dinh (Single-Loop Deterministic Method) d3 duoc dé xuat nhu mot céng cu
méi dé giai quyét cac van dé Téi wu hoa thiét ké dua trén d tin cdy. Phuong phap
méi nay duoc ap dung dé tim kiém thiét ké téi wu cua cac cau tric dam composite
Timoshenk va cho két qua vuot troi.



