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An Application of ALM-BFGS Algorithm for the
Optimum Section Design of Composite Breakwaters
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Abstract

For the optimal design of composite breakwaters, a computer program PROCOBRA is developed
using the combined ALM-BFGS algorithm. A model formulation for the section design optimization
problem of composite breakwaters is proposed where a concept of subsectional weighting factors
is introduced in the objective function. Usability of the program is verified through a numerical
example. From the study, it is found that the ALM-BFGS method is reliable and can be effectively
applied for the design optimization of coastal structures. Compared with conventional design process,
it is proved that the economical design of composite breakwaters is possible.
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':[Ks H, . h/Le20.2
Y lmin {(BoHo' + Bih), BuaHo', KHo')
: h/Le<0.2
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B,=0.52 exp(4.2 i)
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38 1. Dimension and external forces of breakwa-
ter.



1;=1;+ (h—h")|tan(n/6+ ) + tan(n/6 — a)]
a=tan"}P/W.)

N N, : #8AAH A

Ye DAY FEORAFF

Y. :core®] FFAAFH

(@) A7 2R HAESY U A
w F>12 ®6)
o 714,

(W.+W") coso—P sind
W+W) sino+P coso
W=y~ 0)An+vy A’
A'=05(h—h)z
o=tan"'[(h—h')/z]
z=5+2
2;=Bw~(h'—d) tan(6,/2)+ B
zz=(h—h') tanb,
By : &2 berme]
u, : coredl whEA L
A D 3E S BAM R By
0, : FUE A7 xRS Az

(3) AMAM 7 ZE-o] HARAIe] kA

Yr

We=v.R,R,(h' —d)/r=———
WRR = D=5 Ty

His N

7)1, N9 Al4tell= A2 9] A7 2ARE o] §8tod®
Goda®) & $3(h'~>d, L->L)& |tk

I-x d

Kl/.'i v
1 A Y] d -

+138 exp[—- 1.5-(~——K)~ J

K1/3)

N,= max{ 18 13

1/3

__ And/L sin? 2nByw

sinh{4nd/L") L

S:=v/w,

Yo - HEAM Y] Ge)FE

L' 54 doMe 3

Buw &2]Z& bermd] %

R, © AF4] blocke] HEXE

R, 1 A4 blocke] HAHae] g o]

r I &HeY 25

_200_

2.4 wgtel wHoj

oA FHsde] @3 WAAIE 8% F
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Find
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g®=g(x:, %, ', XJ)<0, j=1, -, m (A7)
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4. x=st Y&

NLP9] HA#HE Tile HH3rige HEY
(transformation method)3} ¢ A]®¥(primal method)
o2 Wrojdnt W Agxol U AHH
EAE Adzde] glv HHNEAR HIso
FatHo g MG HHEAE FolA delie] A
oF HAEAY e e WYeld, dAYE
Aefze] Sl AHAFAzEH Y HAHHE
T3k welth. EAWEAe] dAAL YRE
AEE F3tod TrEolHr] wiel jiEe] F3b
HE dRE WG Herbsdtn Fd&H
ol MEE/EEH Y2 TARERE A HE
T HAH37Ho] ol g ool gt o] H3le] ¥
Q) ALM ¥18]EE ol &3 o] Ao,
Azl Av HAZEAE vt HHspEA R
WS ¥ uAleF HHsEA 9 sPeze BFGS
duglF 59 AMRe] Jhedih

4.1 ALM e2|&

ALM &3E)E&e BadA)44(Lagrange multip-
lier)& W& 74 (penalty parameter)s B} AMS-§
o= Wy T ¢ B7F9 SUMT(sequential
unconstrained minimization techniques) ¥ilgl&
o] FAFEE FEsILA NEHATEO Aol
53 AURIAT-E AT HASEAN HEHU
Sy 1 Fo RypH4a(slack variable)E AMg-3He]
53 Agzdg @4 h HYsEAE &+
UAEE JNMHACL o] duelFel FHE A
F7F B E HA goeuiME HHIE T F
9)7) wW&oll #x13 otZA(numerical ill-conditio-
ning)$ & 4 Y3, SUMT dagEro 3
£57t wadg, 28 193 428 4(global conve-
rgence)& 7FAH, f-8<9H(feasible region)olr}
B89 %(infeasible region)o) #F-& Wx] ¢ %
71AE Yoz ARE 7 vk

ALM ¥ #3t4(transformation function)® th&
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A, A, )=+ D [Ap+r08]
i=1
i
+ Y [ mhe(0 + 1020 (19
k=1

o 7] A,
o=max{g(x), —A/Cr)}

283 Sa@Rse] £ 44 (update formula)
< ogn gtk

APTI= 04 2r, max(g(x), —A/@ry}; j=1, -+, m
(20a)

Pr=Ap ot 2rh(x); k=1, -, ! (20b)

9, ALM ¢8E] A4 A 2E=v 1¥ 3%
ige

4.2 BFGS gfz|&

BFGS ¢nalEe ulAlek HA3EA gt 3¢
A8 H(Hessian)2] HYPE oM HyelX Foi
A e gele YRE o] &3t ZAISAIA HAF
HHgleA e FHAE Fabe Yot EFEF
o IAEgrte g AP He APPg S
2 ZAF Al4rstrl WEo] Newton ¥ilgFhth
Alargo] oA Newton $iglFs o] 2213
o2 ##(quadratically convergent)dh= A& 3t

o] <tnalFe] Sl HAYPHE =

gi= —H" Vf(x9) @1

Given x°, 7, Is
q=0,1 = 1,2 =04 =0

Do wiil convergence

Minimize A(x, 3, 1,) as an unconstrained function

Convergence check

Update Lagrange multiplier and penalty pammclcr‘——‘
g = q+ 1
End

8 3. Flow chart of the ALM algorithm.
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2 Aojfich dMgde 24 4YEE AUA 4
oMy BHYEs w1, 2 g d9¥EEe o
3 o) PPt

He*!=H+D? 22)

o] 714, D o) 344 3] P(symmetric update mat-
rix)2 o 2o

Di=(c+y)pp'/c?*— [Heyp'+ p(HYy) /o (23)
o] HolA,

p= x%— x4 1

y= Vi(x%)— Vi(x1"})

o=p'y

y=y'Hy

BFGS ¢xelFe] 3&E+E 1d 49 #th

4.3 Z22jo| 74

ALM ¢118& ¢ TE X2 3J(driving program)
2.8 33 BFGS ¢uggo] 4 (199 #At A
HgE A g FeA s E9uTAe HH4
A =223 PROCOBRA(PRogram for Optimiza-

Given x°, ¢ = 0

H =1
Do until convergence
s = —H® Vf(x")

Find a® that minimize f(x* + a” s")

X = x* - o” §"

Convergence check

symmelric update matrix D?

HY'' = H" + D

q=q -+ 1

End

13} 4. Flow chart of the BFGS algorithm.
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tion of COmposite BReAkwaters)}& 71384 t}. o]
Zage EAumAe dAzZAe JANRE A
7+ AEE YHo R v, B3] 2y 13
A AHAZE AR = A =] itk PROCO-
BRASIAME wl ALM WHE-ZoA dAMS, 71A4%
F, Agzde FeEaANs5¢ T L vA
of HAsle] WRE BFGS ¥aeldel w4
%o ¥l

5. A=A of

A HA3 =233 PROCOBRAY ¢
gxtae WA o] dXzdH MY XFE A
e AAYAMN AgEHE As R s 2z
Ao 2717 Folvh AA oo AHgHE 27|
dEzgzA # 19 BAE e A3

AArFe 2712 2 HHset HHEARS,
AANEEg o] et Ao o] Akl
HE ¥ 2, 3 B 49 4% FESY AANE
2712 oM o] BAgrgkel HAAM FHEF

H 1. Input data for design example

para- value para- value 1 para- | value
meter meter meter
H' | 63 m | v, |32 t/m*| N, |680
Tys ;114 sec | vy, 1265t/m* | N, |9.00
B 026rad | y. |100t/m* | R, [40 m
h 10.1 m Y, 1100t/m*| R, 20 m
i | 001 | 6 |odérad | C, | 09960
Kra 0.5 8. |0.59rad Cr 100018
Kr, | 005 mo |06 Cn 00003
N 1.03t/m* uy |08 ,LC“ 0.0019

E 2. Initial value and optimum value of design va-

riable
disign variable initial (m) optimum {(m)
Xy 10.000 11.673
X3 8.000 7.259
X3 6.000 6.324
X4 7.000 12.430
X5 1.000 0.978
X6 5.000 5.094
cost f(x) 80.088 m* 84.922 m?
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Hope AR, 274ANSE AGELE D3}
A g 2ot HE3pe BE EAgS W
FFolst duiAzde + 4 uAY HHHE
T737] % BFGS wtE3s & ® 3o vehy
Ak F o oA A9 ALM vHE 3y 1239
om BFGS ¥HE3+e 4~1587 285Uk &

404 B uvhel o] HAsH o)A AlMy| xR
B 3. Design history
) . 1 .| violated constraints | BFGS
iteration | cost function - - o .
equality | inequality | iteration
0 [ 80.0879 1 4
1 101.7083 1 0 15
2 62.6379 1 0 5
3 61.2837 1 1 9
4 64.5695 1 0 5
5 60.6011 0 | 1 11
6 72.8785 1 1 7
7 67.0838 1 1 10
8 107.5916 1 1 7
9 84.0984 1 0 5
10 83.7252 0 0 6
11 84.9216 0 0 4
12 84.9215 0 0 | 1

H 4. Constraint status at optimum

function value Lagrange multiplier
hy 0.4457x10"° 0.2061
g —0.5002 0.
g —0.3031 % 10" 0.
2 —0.4074 0.
2 —0.1960 0.
g5 —0.3860 0.
2 -0.1000X 10! 0.
g —0.1882X10"! 0.
s —0.3933 X103 0.
g —0.3216 X 10" 0.
g —0.5537 0.
gn —02770 0.
g ~0.1877X10"! 0.
gz —0.1167 X 10 0.
14 —0.7259X 10! 0.
£15 —0.9781 0.
AL RBERE



g2ALA ] o AMFzA(h)e] -$3he gF1dA
%471 00] ohd HezRE o] Aozl 7+
Suis]7] 4L AeFxA(active constraint) YL o
4 slch

2R 7tEA Y g 98 28] st
o E 19 A 71EA diAle C=Cn=Cu=
C.=0258 AMg3la] o] Heo} #e %VINE
AR st AgaAlA Btk 133]¢] ALM ¥HE3] 3
% 2033]¢] BFGS &AM Fofl Ao FH3t
Hon, ZHFE 69.836 m? 12| HAHE x*=
(12.982, 10.705, 3.263, 11.446, 0.844, 5.233)°]th

ARG Fe HHPARSY A& A & 5
U= uhe} o], HAel ol F& I £3
40 2R s goist dgE HA
@}

6. 2% N WE

A Fulel H@Ae Aoty FERE AA
o] AL e EANTA e HAE AN F
A3l =219 PROCOBRAE 7gslx ol& ol&
st oA AFAYE ARG 2|, T
Ao T2 g4, A A R HF
Aol715S WEANE PR BFHX A, A}
A7)xBo] HEAXYI PAYE, 7122t 3§
£xA8, Alde] kg, ejn e HeddH
HkALg AojAe g EAWuAle] AAAE s
dok ® HH3 ZHgg GupAe] SR
e 7HEXNE sk, dde RREa FH 2
AlEdel e g stk

o] wrstA|e] HHAYEL 2HP37] Aste AHEE
HAAA7He ALMS FZaagog ARgse
A} HASEAE vlAL HAPEAZ APt
o] wAl} HHEAE HEAY + Ue BFGSE
Mpey Rrzzados k= ALM-BFGS &g
&g olgstdrt

=3 =2y PROCOBRAE +#3% A, 7]
Fo] AAMPEET WA Qe tES FaAlT)
3 ARz A WAl o) A YR-of AR 7| 259
A NEh= AAHoln FHAA HAE &
& 4 Qlck &, A PR E8Y 7 UES
sguabg el WMUeiA AT RE e ST
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