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Application of Particle Swarm Optimization using CPU Parallel
Processing in Optimization Design of 2D Truss Structures
Student: Ming-Tse Hung Advisor : Dr. Shih-Lin Hung

Department of Civil Engineering
College of Engineering
National Chiao Tung University
Abstract

Advances in computer hardware, computers has been progressed from
single-core to multi-core processors. This progress in computers provides a
possibility of development inparallel computing. OpenMP, currently, is a
popular API for implement parallel programs.on PCs with C, C++, or
FORTRAN. Among bionic optimization algorithms, particle swarm optimization
(PSO) is a most employed approach for solving optimization problem due to the
characteristics of less working-parameters and quick convergence rate. The
algorithm has been proved capable of reach near global optimization in search
space using particle itself and swarm experience in search. Since computing for
each single particle is independent in searching iteration, the PSO algorithm can
be paralleled in a multi-core computing platform. The objective of this study is
to develop a parallel. PSO.algorithm in optimization design of 2D truss
structures. First, the problem of synchronization in shared memory platform for
the algorithm is studied and solved. Following, a parallel matrix multiplication
program with different size is developed and the computing performance related
to matrix size is then assessed. Second, a parallel PSO program with OpenMP is
implemented. A Sphere function with 30 dimensions and a Beale's function are
utilized to verify and evaluate the correctness and the corresponding
performance. Finally, three 2D truss optimization design problems are solved
using the proposed parallel PSO program. Computing results reveal that the
parallel program achieves a speedup factor greater than 3.42 under a four-core
computing platform with OpenMP.

Keywords: OpenMP, parallel computing, Particle swarm optimization (PSO),

2D truss optimization
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"OpenMP, # * Compiler Directive = %R B 3 4 38 T 74250
mo2Erl VR e VPR o B %;*ﬁ ¥ 12 f C/C++2 Fortran e475;8 78 # 4o
»~ Compiler Directive o #-f7 ;% ¥ T {7384 #&5 Parallel region » 4 % % #ci%
77 shared » fb > % #icih T private p B Eu Fe FAL G SV E o B A 0 %
+ 3 Compiler Directive 5742 ;% 78 < d £ 3% FOpenMP ; chih3F % & (7 ¥
e T A e [10]

%1% TOpenMP % Compiler Directive et 83k « £ i@ * 2 L&
TOpenMP ; thi# 2 3 ¥ e 7 OpenMP Directive 4 E#-p & £9% &
ARMBERARDS P PRI HBT RS IFEREAES D P AT
G A S SE B
*E g 8 * CICH+35 B 425" > OpenMP Directive 7 C/CH+1: 3% 4rd 2 #7757

#j&x’}lj :

#pragma omp parallel default (None) private(x, V)
% i OpenMP Directive 1/ & % &_ #pragma omp - ?ji?éf%%‘ Directive

PR A ER AR SRR o
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TRE BN IERE S B
% 6 {7 :
#* TOpenMP, ¢ zZvRuntime Library'Routines - & *
omp get thread num() ¥ & p = & ¥ 934 (7% ID o
% 10 {7 ¢

s 4 parallel region > ¢~ T} 5 %2 > f258 PF AT o
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E ﬁ%l PR 4ol 12 £ A R e E R TR 0 PSR
PUARSY e T IHER A B ARIE e IR g A R F] &t FOpenMP
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12 cos —sinf 0

0 Q1

F2] _|sin® cos6 0 0 Q2
F; 0 0 cosf —sinf||Qs
F, 0 0 sin@ cos@ 110,
,,ii =4
F,—F, : FR AP ap 4
Yo(3¢ 8)#7 2 Ak A AR R AR LT
cosO .~ sinf 0 0
T —sin@ cos® 0 0
0 0 cosf  sinf
0 0 —sin6. cos @
3 8) (34 9)F
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Tt £ fe AR 1R e
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benchmark 3£ # 2. - -~ [Beale’s function] fo [ 778 %7 sz it J» ru b
BIRERB T I k- BT 27T 0 FEwmplEERE T
P2 2 E Cintel 15-2400 (6M Cache, up to 3.40 GHz) = %
== g4 : 8GB
fT¥ % % @ Windows 7-ultimate, 64bit

BT 5 Msual Studio 2012

41 T B gk
S B R AEE R B 1L o B F S 2 B A B
Z A% 5 ArrA, ArrB, ArrC, frArrDe # ArrA e ArrB &
AR EEPEA L S A EEpk s » ArrD e T FEL R o B 12
HawBiERL 3L e 4% 0 4pkid s > ArrCe #a L ArrC {r
ArrD AP R B AT I FF o PR (T E A B 525X 2550 % 50 -

100 x 100 ~ 200 x 200 ~ 400 x 400 ~ 800 x 800 ~ 1600 x 1600 » 5 7

30



WLEL A g2 REFEFR > P RRRPFEES (S Bmahin
BAR & T (TR INE AT E 100 % o TR A0R 30 ¢ Kot A

B FEL L 4238 P ERL o it 4ol 180 d BF vy B

A

Col w25 X 25T Ak & A 4F 0 A 3 ifdeiE F] S 4 BEon B A ) 25X
255 0.07483 iz AP RBEL A T A FET (T - A& RF Flasrfgd
® [Fork] 4= [Join]} ;ﬂg WAE- i 0 FAEE S T FRE A A TR
B A2 AT o f B < [R50 X 508]200 X 2000 sicqr B e b 2o 4
#F]S - BFEA D BT F R SV ARG R e 271 ) - g AR A
| $]200 X 20078k 2 g B FAL K8 L4l T iRBARE 0 aBE L o) 31600 X
1600%4c i F]F 598.83 ¢ g L an Svig F| L0 5 (8 4 33T o FP pdErE )

%1600 X 1600pF 4% = 3R 4 AfdF e (Fag % o

42 THEBERIHEED

dBl16 7 A HE G DFEAEFEZ ) A32F KT AT B0
& pr(do-while)ix Bl AL {7 o By 4= Hp A0 5 B 16 % 13 {7 e for
i EJ# + TOpenMP ; = Compiler Directive 4p % (#pragma omp for)ﬁfcfﬁ1 "
R ERARS ST EL o BT FREFERF T [Tk E 34

Eq\'-lrr I%Zli}ﬁlqiﬁ*,i—” 421/?14‘5 ?‘;ﬁ,ﬂgo

31



42130 BREL 3ol 5| B

d Bl 16 7 ariF FHE G PEAIFE 2 o & 13 74 for @ B > E
SBch RS Bl ~ Aw 31 & 3%iE 0 4 for i B 4 - F] TOpenMP
¢-» Compiler Directive 35 4 (#pragma omp for)-T {7 i« o g2 sz 5 P &7 ¢
Ao e Gl FHE G PSS AR Bfo R ET o BT FRE

R U R P R S RE S B R A ok - e e

-
s
ki
[
4
5
P
o

whd

% (race condition) o U *— Faf AP > B3k B 20 £ -
PR PR ETRER A S BRI ETE G R PR

= 2w i 4

(i
o
a\
-n\q,

Al

1\\

PR 2
- RHRT CURE R SR R ek {]7 T OpenMP,

= Compiler Directive ™ section =4 it #-fe FBs 5 v 0 & BT EL

WP B o2 - e MR PIBEAIEY S LEX e
2 13 0FE 2 4cE 21 fr@l 22 » E ik 4 4rR] 23 - ¥ I+ LG iF L

AFFETFEYE > AHRY 4BpF THF g B 1655 § k3

-~

ok 4e 71 10,000 4ei# - 3.69 > 4 AT B At 4 F] 200,000 v i bt 5 3.73

32



PP Rt ie By A 5w (24 B[2% x section ¥ oo & - (B section ¢ L e
Fpe b dfEo 4R section (S L d v BEEfEY PE- Bh AT Bk
(8B BATHE A 4o ¥ F4rk 60 F @ kS Bt i T Bl ) &
AT Tk o FR T HGEF] - F O M AciE L L e w B e 0.04 0 gt
RIS AR PSP o deie ] 2t 1 PRt Ao Ao R 240 B it fF

fep RSB icd 5o

4.2.2 Beale's function
PUREE R b B A E LRRERE P 2 - ArlE 4.2.1 - Beale's function 4
flx,y) = (15— x +xy)? + (2.25 —x + xy*)? + (2625 — x + xy3)?
B 2% 2f(305) =00 xRl -45<x,y<45> Z kY :
S F o B ARV WAeR] 25 o RIRET Ao A T 0Bl 26 0 T aciB AR ]
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#. 2 OpenMP Directives

directive-name [clause, ...]

parallel PV

#pragma omp do |4 : shared(x) (Enter)
for

# 03 ARz piE B %
ELA () SR E @) e i
25 0.011 0.147 0.07483 0.0
50 0.056 0.037 1.513514 0.0
100 0.462 0:16 2.81/073 0.0
200 301l 1.169 3.174508 0.0
400 35 10.783 3.24585 0.0
800 396.67 115.92 3.421929 0.0
1600 4669.6  1216.67 3.838017 0.0
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7 ()
1.163
3.329
8.358
15.459
29.807
63.54
125.87

1150.45

11395.7

22381.6

55882.2

4p 3 L

1.653482
2.597477
3.055157
3.329193
3.438454
3.298961
3.360372
3.678471
3.669761
3.729233

3.708193
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0.0657
-0.0166
0.0381
0.0095
0.2
-0.1084
-0.0029
0.1548
-0.1425
-0.0601
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-0.3342
-0.0039
-0.09
-0.1522
0.1766
0.1782
-0.0439
0.4742
0.1943
-0.1191
-0.3156
-0.0576
-0.1914
-0.251
-0.0625
0.1707
0.0273
0.1035



T\‘f
4
R

20

60

120

240

500

1000

10000

100000

200000

500000

1000000

+
1~

3 5 # (1)

1.163

3.329

8.358

15.459

29.807

63.54

125.87

1150.45

11395.7

22381.6

55882.2

110270

3 %13 ()

1.495

3.44

8.97

15.712

31.06

64.133

125.236

1147.19

11358.4

22336.2

55488

109083
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D R sk AR R

L)
-0.332
-0.11
-0.612
-0.253
-1.253
-0:593
0,634
3.26
37.3
45.399
394.2

11870

et £ 3
-0.36719
-0.08016
-0.20845
-0.05361
-0.13871
-0.0305
0.017/012
0.010453
0.012051
0.00758
0.026344

0.0402



% 7 Beale's function >+ #c¥? 4 if 1t B

46

25 Rk CRAC) T 7 (H) drig vt
20 1.884 1.31 1.43
60 5.023 2.525 1.99
120 9.879 4.105 2.41
240 19.61 7.073 2.77
500 2.92

1000 2.85
5000 3.14
10000 3.30




% 8 10ifEitfrdia hF it 2%

8 ST PSO (in?) PSO (Li[13]) (in?)
A1 31.50804 33.469
A 0.152502 0.110
A; 25.29146 23.177
A4 14.25196 15.475
As 0.11103 3.649
As 0.326716 0.116
A7 1:.062967 8.328
As 18.94086 23.34
Ao 24.01386 23.014
Ao 0.108947 0.190

% ¥ (Ib) 5131 5529.50
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20 104G -HARETERS LM %

48

SR gL S WA () T =) dueig v
4 0.897 0.391 2.29
20 4.195 1.605 2.61
40 8.464 3.06 2.76
100 24.328 8.415 2.89
500 3.19
1000 3.27
5000 3.42




# 10 10 A 4% 2 B i 1t ot = BB R

SRpES S BRREFR)  TERED) dueig v
20 2.199 1.491 1.47
50 5.176 2.502 2.07
100 10.601 4.477 2.37
500 52.533 16.983 3.09
1000 3.17
5000 3.35
10000 3.43
50000 3.42
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% 11 10 A5 F i ¥e f8 S8 H

) X % (in) Y+ % (in)
1 0.488 -1.75
2 -0.378 -1.80
3 0.423 -0.741
4 -0.296 -0.775
0
0

50




2012 10 A% BT ETE (5B HEA T R

it s B (ksi)
1 -7.29
2 0.81
3 8.00
4 7.03
5 -22.05

0.21

53]

4] % +£25 ksi
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2013 17 A i Ere Bt 2y

& (in?) PSO PSO (Li[13])
Ay 14.024 15.766
A, 1.200 2 9263
A Lozl 13.854
A 0.222 0.106
As 10.037 11.356
As g 448 3.915
A 10.025 8.071
Ag 1.536 0.100
A Tl 5.850
Aso > 2.294
An 4.412 6.313
Ar 0.185 3.375
Az 5.339 5.434
A 5.373 3918
Ass 3.978 3.534
Ass 2.158 2.314
As7 5.537 3.542

% ¥ (Ib) 2670.23 2724.37
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014 17 42 2 B fok T REM 4

R RAREMW)  EERED) seg v

4 0.948 0.465 2.04

20 4.297 2.092 2.05

40 8.78 3.94 2.23
100 2.35
500 3.05
1000 3.49
5000 3.54
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3015 17 4 fes B HEd i 18R 16§ B R

& BL Y 5L X 3% (in) Y * % (in)

1 0 0

2 0 0

3 -0.082 -0.278
4 -0.267
5 -0.687
6 -0.637
7 -1.217
8 -1.268
9 -1.999

e
T

"Fl 5 £2in
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% 16 17 A A B i 1V 90 B HEs 171 2 4

it S5t # g (ksi)

-26.74

-29.45

24.59

-22.49

-23.61

1
2
3
4 -3.41
5
6
7

27.36

15 26.67
16 16.87
17 24.82

T4 5 50 ksi
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2017 26 A AriE B R

LR L 2R EE 1 CR ) 1
1 1 2
2 1 7
3 2 7
4 2 8
5 2 3
6 3 8
7 3 14
8 4 15
9 4 12
10 ‘ S
11 VU 12
12 13
13 6
14 13
15 8
16 9
17 14
18 10
19 14
20 14
21 11
22 15
23 15
24 12
25 12 13
26 12 15
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% 18 26 A 42 Bt d i fok R

R BEREH) T EREFH) de i b
4 2.344 0.795 2.95

20 11.506 3.666 3.14

40 22.945 7.151 3.21
100 56.192 17.553 3.20
500 3.35
1000 / 60.86 3.46

N — 1=~ WA\
5000 :/@ E | L [9)?‘)1\ 3.64
6

\ 596,
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%019 26 A7 R do i U a 109 R

% 2 Y5 152+ (GPa)
1 3.202E-02
2 -3.291E-02
3 2.012E-01
4 -1.873E-01
5 5.112E-02
6 3.371E-01
7 7.193E-02
8 7.193E-02
9 3.371E-01
10 5.112E-02
11 -1.873E-01
12 2.012E-01
13 3.202E-02
14 -3.291E-02
15 -4.836E-02
16 -4,577E-02
17 -1.647E-01
18 _6.333E-02
19 1.599E-01
20 5.936E-02
21 -6.333E-02
22 5.936E-02
23 1.599E-01
24 -4.577E-02
25 -4.836E-02

26 -1.647E-01
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420 26 A HriE i8R 5 H B

& BL Y B X =% (mm) Y # % (mm)
1 5.94 -50.79
2 3.65 -45.15
3 0.00 0.00
4 0.00 0.00
5 -45.15
6 -50.79
7 -50.17
8 -24.72
9 -24.33
10 -11.72
11 -24.33
12 1.29 -24.72
13 -7.98 -50.17
14 10.47 -14.27
15 -10.47 -14.27
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3021 26 B HEE R ER B

B a Sab 6 & f (mm?)
4, 2810
4, 3057
As 400
Ay 481

3521

Ay 481
A, 400
Aq3 2810
Agg 3057
Aqs 2913
Ase 3957
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Ay 47

Asg 3496
Ao 504
Ay 3033
Ay, 3496

Az, 3033
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\ E B 2 4§38 T 7 (Cluster/Distributed Parallel) /
\ % J2 BT 7 (Multi-Processor Parallel) /
% % T 7 (Multi-Core
Parallel)
R
(Instruction Level
Parallelism)

3 =7 =] [16]

B 4 OpenMP % & 7w 42 ]
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Master thread Fork Join

\ \ Parallel region

Threads

k+1
Vk+1l-----lllI->Xilj
L,Jj

/

k punnsns
Xij

\p.k.

L]

k
Py ;

Bl 6 fF bttt Aot (#7574 B
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=

O WoONOTUVT PWNR

#include “omp.h”
void main()

{
#pragma omp parallel
{
int ID = omp_get_thread_num();
printf(“ hello(%d) *, ID);
printf(“ world(%d) \n”, ID);
}
}

B 8 [ % OpenMP #z ;¢

hello{1)world<{l>
hello<(2J world<2)
hello(B)world<H)

hello(3)w0rld(3)
FATRITEIRESE - - ¢ -

B 9 i 5 OpenMP ;8 (7 & %
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Master Thread

Parallel region

l

Thread 0

|

Thread 1

ntiD=..
panti("...
prnti("...

|

Thread 2

!

Thread 3

67

intiD=...
printf("...
printf(™...




1 for (i=0; i<rowA; i++)
2
3 for (Jj=0; j<colB; j++)
4 {
5 for (k=0©; k<colA; k++)
6 {
7 ArrC[i][j] += ArrA[i][k]*ArrB[k][]];
8 b
S ¥
10 }
B 11 ==k
1
2
3
4
5
6
7
8
S
10
11
12
13 ArrC[i][j] += ArrA[i][k]*ArrB[k][]];
14 }
15 }
16 }
17 H

B 12 s&'L 3k ;2 ¢ * OpenMP
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oONOYWUT HPW N

int 1, j, k=e;
#pragma omp parallel

{
#pragma omp for
for (i=0; i<4; i++){
for(j=0; j<4; j++){
printf(" %d + %d = %d by tid = %d\n",
i, j, i+j, omp_get _thread_num());
k++;
}
}
}

printf(" FATIKEL = %d\n", k);

JIiO 0 O WN S

P
2
2
2
5
1
3
£
T
=
R

N
i '- L{‘[

=
H.
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WoHONOTUT PWN R

int i, j, k=O;
#pragma omp parallel
{
#pragma omp for private(j)
for (i=0; i<4; i++){
for(j=6; j<4; j++){
printf(" %d + %d = %d by tid = %d\n",
i, j, i+j, omp_get_thread_num());
k++;

¥
}
printf(" AT KE = %d\n", k);
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Pseudocode

® Ny g W N R

for (i=0; i< F 2 #c; i++)
for (3=0; J<ARB; j++)
RPN
PTE P RSHKE
end for
end for
for (i=0; i< F % #c; i++)
LECF(R)>FGD) )
Py i=Xiji

end for

if (f(PF) > f(xk1)
for (3=0; j<AR; J++)
k+1 _ yk+1,

Py =Xij i

end for

end for

counter++;
while (counter>limit)
s ) = o k
fgﬁ\'iﬁ#‘ . Pg,j

Bl 16 # 7 #Fd it 1 w54
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Q; —Qq* AIVAEARY p 4

U~ Uyt AR R
Fi—F, @ SEWEHES cop o

Vg — Uy - %f"ﬁ?ﬂj%—“’ %A
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Data

/ Thread 1 / \
Thread 0 Thread 2
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PSO

117~
12
13~
14"
157"
16~
17"
18~/
19~/
20
21 -
22
237

24 -
257
26
27 7
28
29

30 -
31~

W N Y N W N R

for

for

(1=0; i<Total of particle; i++)

(3=0; j<dimension; j++)

T POr - y0 0 . po
initialize : Xy, ~ Viy~ Py

calculate fitness function

end for

end for

for

(1=0; i<Total of particle; i++)

PEC (B> )

0 _yO0 .
PQJ_X'

Lj’

end for

do{

Rendon .numbezxr:ry, 1,

# pragma omp sections

{

# pragma omp section

{

for (i=0; i<Total of particle/4; i++)
(Kernel code)

end for

pragma omp section

for (i="Total of particle /4; i<2%
Total of particle /4; i++)
(Kernel code)

end for

pragma omp section

for (i=2* Total of particle /4; i<3*
Total of particle /4; i++)
(Kernel code)

end for

75



32

}

33 # pragma omp section
34 - {
35 for (i=3* Total of particle /4; i<4*
Total of particle /4; i++)
36 - (Kernel code)
37 ¢ end for
38 7 }
390 if (f(Bf) > f(xF))
40 ! for (j=0; j<dimension; Jj++)
41 : Pyt = X[
42 end for
43 counter++;
44 . | while (counter>limit)
45 7 | solution :R;f
B 21 st b i 1w B2
Kernel Code
1 for (j=0; j< dimension; j++) {
2: ViR 2V er(Pls—X )+ oo (PY; — X))
3: X5 =X R VS
4 end for
5 calculate f((Xi Dea):
6 it (P > FETD)
7 for (j=0; j< dimension; Jj++)
8 - Pt = X
9 end for
10"~ end if
11+ if (f(RF) > f(xk1))
12 : for (3=0; j< dimension; Jj++)
13 PEt1 = X[
14 - end for

Bl 22 o+ Fh i P
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B 25 Beale’s function % % B2
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B 27 Beale’s function Yz aci

79



360 in.

. X

80



IR L B 5 BB A

3.43

/‘

81




H4EE(Ib)

8000.000

7000.000

6000.000

5000.000

4000.000

3000.000

2000.000

1000.000

0.000

B 31 17 & ez 4k

82



2
ZIN

TR B L1 8 A {

3.54

6000

5000

4000

2000

1000

L98Y
0Ty
€45Y
96¢EY
6eCy
80y
Se6E
89.¢
T19¢
2143
L6CE
ovTe
€86¢C
9¢8¢
699¢
15¢
§S€¢C
86T¢C
Tv0cC
7881
LeLT
04ST
€IVl
94¢T
660T
(448

S8L

8¢9

LY

Vi€

LST

TiE AT

z

ity

E4

Ve
|

RN

H7 78 X

2
|

+

Bl 33 17 & ¢

83



8atdm=32m

log (i T-488)

Bl 35 26 & fi7dE B Rl soid ot B 1
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