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! Evolution

2 Darwin

® natural selection

* Fitness

® Non-Fitness

® Optimal solution

” Search techniques

® Evolutionary algorithms

® Heuristic

1% non-deterministic polynomial-time hard
1 Optimization problems

12 Gradient

13 Simplex

4 Photosynthetic algorithm (PA)
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! Photosynthetic algorithm (PA)

2 Flower pollination algorithm (FPA)

¥ Local optimal

* initial population

® Speedup

® Compute Unified Device Architecture (CUDA)
" Graphics Processing Unit (GPU)
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! Global Maximum
2 Global Minimum
*GPU

“CPU

5 Core

® Host

" Device
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! Benchmark function
2 Cross Pollination
3 Self Pollination
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! Cost

2 Optimization problems
% Optimal

* Objective function

® Nonlinear

® Gradient

” Simplex
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! Evolutionary algorithms

2 Firefly

® Swarm intelligence

* flower pollination algorithm

> invasive weed optimization (IWO) algorithm
®Intelligent Water Drops algorithm
" water cycle algorithm (WCA)

% initial population

% Filtness

19 Global optimal

1 |_ocal optimal

12 problem Space
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! Graphics Processing Unit (GPU)

2 Compute Unified Device Architecture(CUDA)
*CPU

* Core

® Speedup

® Benchmark function
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! Evolutionary algorithms

2 flower pollination algorithm

® Graphics Processing Unit (GPU)

* Compute Unified Device Architecture(CUDA)
5 Csharp or C#.net

® Cudafy
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! biological systems

2 evolutionary objectives

® nature-inspired algorithms
* genetic algorithms
*Darwinian

® particle swarm optimization
"bat algorithm

® firefly algorithm

? flashing light patterns

19 optimal solution

1 nonlinearity

2 multimodality

13 challenging
Ymetaheuristics
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% most fittest

¥ Benchmark functions

‘GA

°PSO

®flower pollination algorithm (FPA)
" Cretaceous period

8 self-pollination

% cross-pollination

Ypollens
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! global pollination
2 local pollination
* Flower constancy
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Flower Pollination Algorithm (or simply Flower Algorithm)

Objective min or max f(x), x = (r1,72,....,T4)
Initialize a population of n flowers/pollen gametes with random solutions
Find the best solution g. in the initial population
Define a switch probability p € [0, 1]
while (t <MaxGeneration)
for i = 1:n (all n flowers in the population)
if rand < p,
Draw a (d-dimensional) step vector L which obeys a Lévy distribution
Global pollination via xf"'l = x% + L(g. — x%)
else
Draw € from a uniform distribution in [0,1]
Randomly choose j and k among all the solutions
Do local pollination via x§+1 =3 - e(xj- —x},)
end if

FEvaluate new solutions
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! standard gamma
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! test functions

2FPA

*GA

*PSO

® population size

® crossover

" mutation probability
® learning parameters

Y



1 ) g S o JS iLindl 00,5 aits 951 B> donas o 1-Y Jgo

Functions/Algorithms GA PSO FPA
Michalewicz (d=16) 89325 £ 7914(95%) 6922 + 537(98%) 3341 + 649(100%)
Rosenbrock (d=16) 55723 £8901(90%) 32756 + 5325(98%) 5532 % 1464(100%)

De Jong (d=256) 25412 4 1237(100%) 17040 + 1123(100%) 4245 + 545(100%)
Schwefel (d=128) 227329 £ 7572(95%) 14522 £ 1275(97%) 6851 + 448(100%)
Ackley (d=128) 32720 4 3327(90%) 23407 + 4325(92%) 3357 + 968(100%)
Rastrigin = 110523 + 5199(77%) 79491 + 3715(90%) 10840 + 2689(100%)

Easom 19239 + 3307(92%) 17273 £ 2929(90%) 4017 £ 982(100%)

Griewank 70925 + 7652(90%) 55970 + 4223(92%) 4918 & 1429(100%)

Yang (d = 16) 27923 +3025(83%) 14116 4 2949(90%) 4254 & 1839(100%)
Shubert(18 minima) 54077 £4997(89%) 23992 £+ 3755(92%) 9271 + 1758(100%)

Ol Jle Sy oy 0 D3 5 S LS (Sladles S o )Xl ol Sed e (o 2 S
5 00 )l5 5l 65k ;0 e |y lid Comi (e o3l o Ly oS (l alasg 4 T >
Jlas 4 jLad e a2kl ol Gas il Sads s,k b o s>
O Sl eiales V-V JSS jo caul Lad 5l e (o lade b alilie ()5 b basy s sl

Dcwl oo ools las o] ppe slodastin 5 55 0,053

d, i

: L .

I oS (3P0 S dgy (b Y-V IS

dy SIS Cuoles dijl wiile W9y 00 0 [Lid JeuoS pl Shb 0 aS age ol e
&ly o JLid JguoS a2k il oo lailginl ise Jeb L g Aol glad r iy cuwlhs
Do o Hlas |y ol dolee (F-Y)akal ) a5 04 o Dgme (§jlwdings alius SO

Minimizef(x) = 0.6224d; rL + 1.7781d, r* +3.1661d? L+19.84d?r - abl,

Yy



maigy A (pl oo o lis ) gilhags Al (pl Glog e g Ll (A-Y) U (Q-T)ala,
[Pladloe (o Lyd ez )l 5l

g1 (X)=-d;+0.0193r< 0 O-Y alal,
g (X) = - dp+ 0.00954r < 0 S¥ aba
gs (X) = - r2L - %”r3 + 1296000 < 0 V- alal,
ga () =L-240<0 A=Y akal,

A-Vadal, o ooy atrin gbogase glyls wny cwls dy (S Cwles dijl slo ysis

0.0625< d;, d, < 99 X 0.0625 A-Y alal,

(Ve-Vakaly (o ool asine glaogams slylo laslgul ise Job L g ol glai 1 slo s

1]

10.0< r You¥ alayl,

F¥ ool Cawd B Sladlos )5 00,65l lawgs a5 (VV-V)aka!, ;o Gas al Jlade op S
4 o 5 4 a5 X* & (0.8125,0.4357,42.0984, 176.6366) nolie i3l 4 oo o] o ~ 6059.714
Sl o lal glailginl iou Jsb Ly (Jls glad 1 iny Culbrs di « SIS culses dyjl polie
5 (F-1) S gillae Uas ol )1,SG jiol38l b aS” all oo To 1SS olaws 6l 0wl Cwds polde

[Plab oo Lials el Syl s Lidlos )5 logel 4 2

LFPA
2GA
$pPso

Yy



10
¢ GA
s - - P3O
10} %, — FPA
&tt-
L]
-7 %'#':"q.
107} b
A ﬁn\ﬁ;‘;n__ )
- B,
107 otng
%Mn
H';“w
= ey &
107} S
0™ - - -
0 200 400 600 800 1000
erations

(5] 53 5 Sutss gl Liblos )5 i 95U S 3 B0 dumylin Y=Y S

)sNdl 4 S e 2Ken 25 ptesl cnl &S ols lis IS (SLadles 5 o joSUl (o)
piaosdl Gl allige Tl 380 IS8 1) ane Blae o> 2l 5 )0 Sy 5 DS slo
Silwtingy Jluws J> 50 4295 BB 12 oy (LalSS w2951 o aiile LelS lidlos 5 Ll
5 Siloe s lene jlosliinl clyzl oy 28l slp 60,8 sla by, 5l (S a5 Wbl Sodumn
SLdlos 5 o o8Il sl loj 2alS sl )z Jad po ol it silusslae slagss,

b aalys 4 ll1esS (6 )5ld S 4 (5lge At S LIS

i )98l ilo (gl adads (gl o 5oRIN b S (SLESN 00,57 otz 5951 oglis —F-Y-Y

5 9o ailaie ates 93 & iy Slsz 4 a8 o5 TRl B 5l el sl w55

il oo s dilate g5 5l J5 (SLa8l 03,5 o2 oSl A4S Wigd oo S el jgone abai
Jie Olgis 40,15 (6555 970 bl 5 j9mme adlaie 1 581 (s £ 4 ) O)lg0 (S )0
S5 2 0 aS @bl lad cod JeueS cole ange b plily anlone 5 Y-V-Y 220 o
Rlpls S (0 &8 > § ol gae Coons @ adgl Comen glacl (oo ddlaie sla 0,55

0,8l jo las 590 O jgo 50 5 09d oo yiden e Olex Jo> Cures slasl pesd 05
oo ahli glo o )esll jo oS (Jlo o 0eh pe ady Al Sl 4 Seop Ll JBlee

! region-based
2 point-based

Y¢



OSa las 595 Djgo )0 50,00 Seg iy e Caas & Comazr slael Hal S0 5 (555!
D9l adgh dgy Olgz 4 Cad (55 Gy Olgx ol

Sloz sl ool Sy o S5 Sladl 00,5 02 )5l 90 5o y0 ol Glas 5 Do 50 Cnlnle
&S oy ;o 00,5 Heal 22 WelS (g)Lid Cod JpunS adgi o Cenl (S S5 o 555!
@ e (608l jlews Jloizl gy J5 (Sladl 00 5 02568l Clsz b jLid Coxd JgmnS adgs
odd wdgi sllsz o)lge (T )0 F ool Gl 4 005 (o0 el et LAS o JgunS agS
s SIS LB jgme 4l sla o ,55) Langs

Silge il -Y-Y

g ond g pdS 0wjloy (silgent g Silpe ilaxe g Lok )5l (Sluisslge 0 Caend cnl 5o
9 SBlS el S @ Silge hilop 4 Jad ol Cdllas Gl gob iSu aS ogl oo (orw
Dl Als 5 1055 Lex >

oq.i)’b).; )L‘;.&Lw -\-Y-¥

5 S b 59 55 @ sy Silse S5 4 Sl plodl gl bl 488 slaass b
Szl sley Guals 5 Olawlrs Cae ps 90 S3lae (o310 jo ol 5 ol Bua .l 009y dxwgs
hzl i glaslre oBaus sl Ll el oals aljl g5lusilen sl stz iy jlas ol oo asl
Slabd cnl sl agdor iy mo l elizme 5 Jitne S0 4 )5 Gladaly S5 Dlalad
Pl a2l T sl slaaind b snalS g e o8 T Sleslone plie 53 (Silpe KB @ i,

=

Dy s

P Sln Nedon ame GOS iz g0 w8, IS Ble s 5 solere S3lge Ay planl Cux
23,13 3925 b3 (95 adlge 95 (s3lge 30

SIS sz i 4T el 5 jlons @

SBle 5 27 Sloe a1 (5lge smgianlyy o

! parallel computation

Z computing resources

% cores

* Computer architecture
® parallel programming
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2 Central processing unit
® Input/Output interfaces
* core

® uniprocessor

® multicore
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! Task parallelism

2 Data parallelism

¥ CUDA programming
* Threads

% block partitioning

® cyclic partitioning
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1 Single Instruction Single Data (SISD)

2 Single Instruction Multiple Data (SIMD)

3 Multiple Instruction Single Data (MISD)

4 Multiple Instruction Multiple Data (MIMD)

5 multi-node system
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3 Geforce
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5 professional visualization
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7 datacenter
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Algorithm 1 Framework of GPU-AFSA

Initialize the states of AFs randomly

Initialize the random number array

Initialize the parameter of AFSA

Transfer data from CPU to GPU

ymin €=i-00

for iter « 1 to iterNum

do Calculate fitness values of all AFs: TESTF

Update the optimization result: Y,
Calculate distance between AFs: DIST
Execute fish preying process
Execute fish swarming process
Execute fish following process
Update the state of each AF: X

Transfer Y,,;, back to CPU and output
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Algorithm 2 Calculate fitness values of all AFs
Determine which AF’s fitness value to calculate: i
Apply arithmetical operations to X[i] and store the
calculated fitness value in TESTF[i]
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Algorithm 3 Calculate distance between AFs
Determine which AF pair’s distance to calculate: (i;,i,)
iti, =Nori, = Nori, <i; thenreturn
Calculate the distance of (i, i)
Store the result to DIST[i,]]i-] and DIST[i,][i,]
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Algorithm 4 Fish preying process
Determine which AF’s prey process to execute: {
preySuccess « false
fort « 1 to tryNum

do PREY (pra;_q, pta, XP, 1)
if preySuccess = false
then XP[i] « X[i] + RAND[r +i] = Step
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Algorithm 5 Fish swarming process
Determine which AF’s prey process to execute: i
tag « false
ifi =N

then return
Calculate ny and X,
if satisfies swarming condition
then tag « true
XS[i] « X[i] + RAND[rs + i] + Step *

if tag = false
then Execute preving process.
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Algorithm 6 Fish following process
Determine which AF’s prey process to execute
tag « false
ifi =N

then return

Find the AF’s companion with minimal fitness

Count the number of the AF’s companions ny

if nf # 0 and Fyy;,, < TESTF[i] and ng/N < &
then tag « true

XS[i] « X[i] + RAND[rf + i] = Step *—”i"’f"j’:"

if tag = false then Execute preying process.
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Algorithm 7 Update the state of each AF
Determine which AF’s position to update: i
Calculate the fitness value of XP[i] and

store the result in shared memory pFi]
Calculate the fitness value of X5[i] and

store the result in shared memory sF{i]
Calculate the fitness value of XF[i] and

store the result in shared memory fF[i]
Store the best state of the above three to X|i]
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5 Sl o oolazwl Rosenbrock 4 Griewangk (Rastrigin Sphere S Lo wolgs 5l o
Sade ol oo sl « FVA B YO o O g iterNUM=100 D=50 lo jlw acis § Slivls;]
odls ool las (F-Y)g (F-T) «(Y-T) «(V-V)Jgu> ;o lawgin aigy polie g sl 2l oy lawgio
[¥flewl

D=50 L Sphere b j,l &b b plo 5 luiliwl g 53lg0 p 3ol 51yl g ls )-Y Jgu

N CPU times | GPUtimes | Speed-up CPUresult GPU result

1500 140.042 5.810 24.103 1.28e-005 | 1.16e-005
2000 254.140 8.754 29.031 4.23e-006 | 3.37e-006
2500 358.110 12.778 28.025 1.95e-006 | 1.77e-006
3000 561.158 17.431 32.192 2.27e-007 | 2.39e-007

D=50 L Rastrigin U j,l &b b o2l o,lailiw! g (53150 p yod! (sl 2l o L:Y-Y Jgue
CPU times GPU times Speed-up CPU result GPU

result
1500 147.859 5.881 25.140 1.69e-001 | 1.80e-001
2000 237.621 8.822 26.933 1.22e-001 | 1.12e-001
2500 382.117 12.854 29.728 6.35e-002 | 5.85e-002
3000 515.869 17.498 29.481 2.45e-002 | 2.45e-002
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D=50 L Griewangk b, &b L o2k o,lailiwl g 5)le0 v ol gl 2! Y=Y Jous

1500 16F.vaa 5.886 26.301 1.79e-007 | 1.19e-007
2000 249.339 8.823 28.260 2.55e-010 | 2.59e-010
2500 387.780 12.831 30.218 2.61e-010 0
3000 555.247 17.460 31.801 0 0

D=50 L Rosenbrock b j,l &b b o2l o,lailiwl g 53190 ps o5l 6l )2l g licf-Y Jgu

CPU GPU Speed-up CPU GPU
times times result result
1500 134.151 5.872 22.844 1.63e-003 | 1.78e-003
2000 248.331 8.811 28.183 1.31e-003 | 1.28e-003
2500 367.370 12.834 28.623 2.05e-004 | 1.98e-004
3000 523.468 17.487 29.934 2.27e-005 | 3.71e-005
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o o 45,5 L o NZ1000 1 5 ols adgl nes slaws T o 5 sl o

N=1000 4dgl comoxr LSphere (b3, @b b (2l 5)lailiwl g (55150 poa a8l 12! @ LEib-T Joua
GPU Speed-up CPU

result
20 25.282 1.852 13.650 1.00e-003 | 3.04e-003
30 40.018 2.463 16.248 1.40e-005 | 4.95e-005
40 51.108 2.978 17.161 9.25e-006 | 9.97e-006
50 59.856 3.536 16.927 2.67e-004 | 2.28e-004
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N=1000 adgl cuxos L Rastrigin b j,l &b b o2l o)lailivl g 63l90 oo 651 gl o) g lif-Y Jguo
GPU Speed-up CPU

times result
20 24.978 1.878 13.297 | 8.93e-003
30 40.664 2.497 16.281 | 1.54e-002 | 4.72e-002
40 52.182 3.030 17.218 | 2.18e-002 | 1.82e-002
50 66.542 3.613 18.413 | 2.85e-001 | 3.14e-001

adgl Cuxos L Griewangk byl &b L 2k o)lailiwl g 6)lg0 ps ol Gl 2l g liV-Y Jgus

N=1000
GPU Speed-up CPU
times result
20 27.405 1.892 14.480 3.26e-004 | 3.65e-004
30 43.653 2.514 17.361 1.78e-007 | 1.54e-007
40 55.574 3.046 18.242 2.38e-006 0
50 66.044 3.630 18.188 6.20e-006 | 1.79e-006

adgl Cuxos LRosenbrock b5l &b b 2l o)lasliwl g (65190 o 651 6l 2! g La:A-Y Jgus

N=1000

GPU Speed-up CPU GPU

times result result
20 27.405 1.892 14.480 3.26e-004 | 3.65e-004
30 43.653 2.514 17.361 1.78e-007 | 1.54e-007
40 55.574 3.046 18.242 2.38e-006 0
50 66.044 3.630 18.188 6.20e-006 | 1.79e-006
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Parallel random generating new sites

Parallel computing each bee’s Fitness

Parallel sorting

L Thread, ; t Thread,, J ses| Thread,
/ \ LT a

1st = 2nd ... mth | remaih- U""Blocko

* * | B
Nearby Nearby Nearby
search search 1 search fieassign L ‘
_New side

ngh, shrink = | ngh, shrink ngh,, shrink

Parallel sorting

Change information with shared memory
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Adjacent exchange (first phase):
If colony 1D is odd, then
exchange with colony (1D+1) % number of colonies per block
If colony ID is even, then

exchange with colony (ID-1) % number of colonies per block

Skip one exchange phase (second phase)
It colony 1D is odd, then
exchange with colony (1D+2) % number of colonies per block
If colony D is even, then

exchange with colony (1D-2) % number of colonies per block
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GPU CPU ol
GeForce GTX 460 AMD Athlon(tm) Il x4 disable 3 cores owijlo
336 cores (7 MPs) 4 Cores A Sloss
675 MHz 3.0 GHz 5310
GDDR5 DDR3-1333 abdl> g4
512 MB 4GB abidls> ojluil
Win7(32 bit) Jole pman
21 5 mslxa b
4.1 1995 asund
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Function Equation Minimum

Ackley (2D) fix1,x2) = 20 — 20e 0.2y, EFF _ gheos2mxl)icos2m)] L e 33 o x| < x2 X = -:ﬁuf:i:- =0
Easom (2D) Flx1,Xz2) = — cos(xy) = cos(xy)e~ 1~ -7 _100 < x; < 100 X =(mmf(R) = -1
Goldstein and Price (2D} A(x;,x2) = 1+ (%) + X2 + 1)2(19 — 14x; + 3% — 14x; + 6x1%2 + 3x2)B(x1.%2) X=(0,-1)f(x)=3

= 30 + (2xy +3x2)7 (18 — 32x) + 12x] — 48x; + 36xp2y + 2753 )f(X1.%2) =AB,—2 <X <5

Martin and Gaddy (2D) X=1(5,5)f(X)=0

o 2
Flo, xz) = (xg —xp)? + (2 10 50 < x; < 20

Schalier (2D) fixy, %) =05+ s]': U:UT" --";I?- —100 < x; < 100 X= iﬁlf:f:‘ -0

Schwefel (2D) filxp. %) = —x, sin (y E|_|l— —xz sin(y/Txz[), —500 < x; < 500 X = (420.97)f(¥) = —837.97
Hyper Sphere (10D) fi&) =% %2100 < x; < 100 X=(0)f(X)=0

Griewank (10D) F®) = 2 309 (4 — 100)2 — [T'% cos {-t: IWlOJ £ 1,-600 < x; < OO X = (100)f(%) =0
Rosenbrock (10D) FIR) = 2,1000x;. — x2)% + (1 — %)%, —50 < x; < 50 X = (0)f(%) =0
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Szl Gley g e o Slee milsi 51 (6 lans el 0uls ools L VY- Jgu 10 del . pudd o0
«HyperSphere (10D) aile YU olel b &b aw liciwl a0 BlockDim 1 o5 slows b (6 58
BlockDim ;I o5 slass YU slal b molgs ol sl .a5,ls Rosenbrock(10D) s <Griewank (10D)
OVY 5 \YA Griewank 4 HyperSphere sl,, BlockDim slass oy i cCanas dudo diuon
O 50 a8 G L ool 4 568 sl Gloy b ool caslin jgb 4 .0l oo ROSENbrock sl
ROWICK S K<

[Y0]l nep wolio b gul3él N-Y Jguo

Benchmark nep =1 nep =2 nep =4 nep =8 nep = 16 nep =32
Plicticens Time iterations  Time iterations  Time iterations  Time iterations  Time iterations  Time iterations
[ms) (ms) (ms) [ms) (ms) (ms)
Ackley(2D) a.13 38 7.51 25 0.50 24 1428 26 19.87 22 4235 26
Easom(2D) 617 27 681 25 803 23 1428 26 15.04 20 25.07 20
Goldstein and 6.01 22 3.56 12 7.57 17 914 14 1202 13 18.49 11
Price{2D)
Martin and 458 17 472 16 492 14 567 15 5.52 8 5.74 5
Gaddy(2D)
Schaffer{2D) 711 20 1.27 22 0.24 22 11.81 19 1620 16 3328 20
Schwefel(2D) 5.52 27 635 30 6.43 22 333 23 11.18 21 16.20 19
Hypersphere (10D) x X X X 12 41 17.12 42 3205 52 63.10 59
Griewank [ 10D) X X 52.51 51 70.95 43 12523 44 21976 42 43090 44
Rosenbrock [ 100 X X X X X X 179632 430 314061 410 485748 329
[YO] FolS polio b ul3dl AY-Y Jous
Benchmark functions  blockDim = 32 bockDim = &4 blockDim = 128 blockDim = 256 hlockDim =512 MockDim = 768
Time iterations Time iterations Time iterations  Time iterations  Time iterations  Time iterations
[ms) (ms) [ms) (ms) [ms) (ms)
Ackley(2D) 6.89 40 605 E]| 676 32 813 38 3341 27 12,66 30
Easom(2DY) x X 327 ]| 6.02 32 6.28 29 1.76 26 10.88 25
Goldstein and Price 573 32 501 24 725 19 6.01 22 7.08 28 Q.00 17
20)
Martin and Gaddy 3.83 24 327 7 417 14 458 17 543 12 833 17
(2D}
Schaffer(2D) x X 632 33 7.02 33 7.11 29 7.85 22 10.32 17
Schwefel (2D) 4.90 34 503 35 529 32 5.52 27 7.08 28 Q.80 24
HyperSphere| 1000 19.71 &7 2236 56 15.79 42 17.12 42 20,15 41 2545 41
Griewank [ 100) 55.58 61 0001 54 43.02 40 52.51 51 61.73 52 BDOE 51
Rosenbrock [ 100) x X X X 310.23 177 170632 439 432.084 904 508062 102
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Benchmark functions Blockiim = 128 N =4 blockDim = 256 N =8 blockDim =512 N =16
Time (ms) Iterations Time (ms) Iterations Time [ms) Iterations

Ackley 676 35 813 38 968 33
Easom 5.72 31 628 20 787 26
Goldstein and price 5.35 i} 601 22 7.13 17
Martin and Gaddy 411 n 01 22 6.00 19
Schaffer 676 18 635 23 372 26
Schwefel 470 26 5.52 27 761 30
HyperSphere 15.88 46 17.12 42 25.12 49
Griewank 53.62 57 5251 51 65.10 53
Rosenbrock x x 170632 430 2166.75 463

(YOl 9wy ot 3951 (5152 (5130 W ol yby cwlico bl gy NF-Y Jou

Benchmark n m £ nep nsp stlim
Ackley 30 ] l 20 1] 5
Easom 20 14 l 30 5 1]
Goldsteinand Price 10 4 2 30 1] 1]
MartinAndGaddy 10 F) l 30 1] 1]
Schaffer 10 4 2 30 1] 1]
Schwefe] 0 14 l 30 5 1]
HyperSphere 10 4 2 30 1] 1]
Griewank 20 18 l 10 5 5
Rosenbrock ] 4 2 30 1] 1]

[YO] (S8l ,5 0ui3lo 30 Lo ygud s pos yoidl 51yl (6w W yiol sl cewlin polio (omwy g VO Jouor

Benchmark GridDim BlockDim n m nep
Ackley 4 64 B B 1
Easom 4 64 8 B 1
GoldsteinAndPrice 4 G4 8 G 1
MartinAnd Caddy 4 64 B B 1
Schaffer 4 G4 8 G 1
Schwefel 4 32 B B 1
Hypersphere 4 128 B B B
Griewank 4 128 8 ] 2
Rosenbrock 4 512 8 ] B
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Benchmark Functions  Standard BA  CUDA-based BA{CUBA)  Speedup

Ackley 273 ms 6.05 ms 45.12
Easom 70 ms 5.27 ms 13.28
Goldstein and Price 92 ms 5.01 ms 18.36
Martin and Gaddy 76 ms 327 ms 27.24
Schaffer 231 ms 6.32 ms 36.55
Schwefel 279 ms 4,90 ms 56.93
HyperSphere 389 ms 15.79 ms 24.63
Griewank 2520 ms 48.02 ms 52.47
Rosenbrock 5595 ms 432,98 ms 12.92

003318 3 30 L yaui ) (53190 o o5l g1yl (sl 515 Slod g 1yl (loj Gl (g o IV-Y Jgur

[Yo] S0,
Benchmark Standard CUDA-based BA Iteration reduction
Functions BA (CUBA) factor
Ackley a0 31 290
Easom 44 31 1.41
Goldstein and 49 24 2.04
Price

Martin and Gaddy 50 7 7.14
Schaffer 55 33 1.66
Schwefel 141 34 414
HyperSphere 158 42 3.76
Griewank 1487 49 30.34
Rosenbrock 4456 94 47 .40

¢



Ll loee sooinn by, o &I CUDA bl (55l5e (b 9255w yosdl Tl izl 5o
Sl 5l Gizu 59 5 mols et ) (B vz Jeddljgins S SIMTlblesen g lore o
(JdS e 4 00,5 plesl GPU Olawlrs 508 28, oo 4 5l Cles] Gl p |y (e sooins
2 08d 650 Gl e e S oo S 5 nl 2 edle el B 53,5 by s e Lo
oSz e o T 85 ine cal & S e B> |, 055 NON chlis (slog S
Sl 908295 Gload e i esl 5l eslainl b alilaz jsb 4y Soly plaa )0 1 by GolS S o0
s 55 Sl e 55 o lS r B S oniS o o 553 5 S90Sl
S 4 sl slalo e 90 LLS I egoloiiin o )58l )3 il (ol Sea oy 28 sl (oot
osliinl bg euaols s 1) b yial)ly ez o8 cnl sla Shg (8L (SlppasS o0 SLEI,
i ol g Lzl ooz 0 Slae b atilgioo o5 sl b @y 5l (g ko 4 j0 S5 NED
Ll ojlaibinl sloygss o8l 5l Grim w20 Gloy b LS 12 &5 ol oS oIS
o955 olass g puoo (ialS |, CUDA Ssby G jo o SolS slawi oS oo (g2 ppizrad 050 o0
Oezed e oo ol 0 Sles o (6l 0ol i Sl )l ileaintr Gl 1) SIS 2 50
ol duglie )55 o )oSdl b CUDA (sloyouis ooyl (o) 5l jeS a2 (ol Sen oo
Golwaigs Plus 1 aliee &6 4 0 LY Blas BA 5l LeS amo so lis o y205 aoess ool
59,5 ool dnlie gilge plooil p e slapt oSl Koo b 1) LS coany] jo el gy e
J> sl ks & pmled @)l 1) QLS )l 5l 5 Ssslse siloci e ool S (o0 (2
S oo Jlosl (HBly (slis (60,5 slaasliy jo 1) (eoleiin o ysNl aSly (g jludingy Al
Sl a5 Wyls 052 ooy Sl 00l Jogom § Sage Hln 60l Olawls 0yl
B o0 Sgute |y (g0lpidin i Nl ol oo GPU b i (6 0l Slavles (sl s gy 00

I¥0] oS oo siales] GPU clodisos Lo 4o

L gy plw -F-Y
slyl Yu_is_'e!)f PN PR P ISR COw I S SFCTRON | IO M [ RGPS A 3 ) \@5.:.3.3!)
5O Alwd yB g ol e o2l JRiwe g0y, S Ay DS 0,6l pl o aS IS 4 clildS
Slez SO w2 ST e 0 g, ol )0 09 ge alilS syl 4y SC31T onisle 5l e
o)bwr.efl.awwsﬁwb&wﬁb‘)LQMO&LQu‘?&l?)AJ.QjasA‘SGA‘Mwl.uc

Olyd o aiws cge K olal e 5l eolawl dllie ol Slolprinn 3l wgd il (6 ol pus

! rabinovich
>GPU

1o



0d3jloy b (gotu )0 &5 amd g0 LS bl &l 59y Sl At g o ol @l b
5 By s glp el sad plpy O (hlae 5 (golping pi o) Ce s GTX 456 SC3I S
isled eolaiul (6, 850b glp rac a5l @13 aS cel ool Aoy b Clg>

Fle U lr 50 o Lt | (e St jganlie sl w35l ols ol [$Y] ' Sigl ol
gz Oloy g gt Lad ojluil a5 wed oo Sl laph oSl (pl s Jaio sz
S8l oaiilo y o el g G (Ial38l (gl Wls g0l e Lo sosls S8y il rals
bogie 8IS onijlo gy jo doxe gomins slo 1pi oSl gl 2l aS aro o lis gl g sl 2
o oo sl 1yl Ae Ce i b (60 Sae

Cszle o T SlallS s 5 Ss w8l sile Silge S S5 g 5 [FY] g )]
Se8lS oaisla y yo 1) Sy oSl slasl a4 cl ols sl gl Lol 00,5 colaiul fagS
s i dn el & adyl polie Sl g il sl S b sliie ol & 5 555 12!
a5 ol ol yo o laibinl Sy v, Ll ooy g8 ol ol (3,8 098 sl S
o &dly 0 wyls 18 (Sl enisle )0 ded oS 5 g i Cod le Coares g adgl Conax
2l pge9,5 So il (o0 S 2 g () G Wl s Atun

o 055 55T, 8, 51 ol b o el gn s Sy b b o5 S
022,550 (355000 IS i 5 oo e Jlaon > sl w53l il o b
o3lail 4y Wl aS sl ol o oSNl ol 51 (G auS o o cewlin Olg> adlae ST o
Sk S3lsm e [FF] 5 Tusle 5 " pabugen 05 |, Kan 555 slo Clyz 4 b o IS5 IS
o Ll sleslainl b1y bl 0,8 0,63l slajlo s ol g Cundan (sl lo s dogS jo v oS! oy
2 b s lap,S it s Gl ey @ sl g w0y St (LS enijlony a4 al)l 4 S
Qo oo Hlad iegh ol os S eolaiul SIS sijlay jo sl LB sl LS 5l alis (glad
03l Comad (g (rl )3 (SBIF eijlan 0 OBl oS (Sl oSl Sl S a5
Sl o s Pl YA L Lol

O 31y axly 50 ade g il 090l 0 |) 150 0 168Ul (59, 1y 095 iz [YO] )0 V)'l,'g)lf
PG5 e g 258 o el (i iz @ adsl Comex (Bs; cnl 5o AT Sl 2l 4 SCALS
Syisn Lzl Sl s iy 2 53, 5 S9disn Ll S S iy 5l e S,
b oo 25 (psllae JSb 4 By, (ol jo o Dlsz 05 oy ey

! Van luong
2 LSMS

% arora

* API

% husselman
® hawich

" gardenaz

Ay



&3l 03l PDPSO  SGPSO PPSO ixs &3 w55 (6lse sl ool ans [£5] ' oIS
lad oSl ped gy 5o 5 Wload (g3l sjle 3 ol Ghe,y o sl 038 anslia 4
odijlay )3 aline slovn g olul pow G5l ool )0 5 WS (oo el plalddn; 4 gl
& ez b alie 5,5 amii i oo Copte |y alies Sl an L TE Ha g oud sl (SIS
ools Slows 4z o 5 A5 o Jae yig iibe 45 Coms PDPSO a8 S ams o oyl L logas
Sar 0 83 oo (LA gl ol selss i Koo 0 jeSl 5o b e oSl Gl BMLST Bl iy b
Sedhse Jol> G Sloz d9h il ool B S L

{ Shaal alails 5l @hd v sSI eSS e Sledlbl Jobs cgm o [FY]T Sy 5 Siged
) b ools slaws 3145 ols ylis Slialeyl 51 S 0 bag] (soloion v, o guls .ais S solatwl
o 3 SIS S5 g 0l o8 o Ve alius olul g 09l a8 5 L o 0,3 FOOYF
Sedies iy YA+ s it g Cae s 0L NVIDIA Tesla C1060 1.30 GHz

S35 5lse wh s o 1) g5 0gm Jao SIS alis atslys 395 wlikos [FA] 3 il
b S5 ale (ol U lp el lado dliie S $S0gm Jeoz > oS > oS o
ool iy ol SV ) oy S5 ety ol Ll o e S St alor Sl il
odijle py b 1) 95909 altase Jo sl SG i ys8l aST Cenl oad B gl cnl o
&l NVIDIA GTX 460 315 o)l o (slotend zuls 59 shal 5jlse JS0 & Sudl,S
G5 g ol plp YO U plp V8 5l ey aS v o plid iz Sowzen L aliw slo Jgu
VY GV VIR VSO RS VEIP Y L SWog £

S &ox —0-Y

Solore 33 Jue j55) g (Blo raz dlws Jhea (JelST ol sl 90 (g5l (ilae Juad opl po
SSlye aney 5o (Slalllas by iz b Pla oasilys b ol a8 )5 )13 o) 090 SlSja b logS
L ye Sldllae g SVl gy 2Bl ails olsT 13sS (5 lome o LolSS (slaa,o5l (s5La
gy Ol sam b j3 090 ool b 1) golerinn (g, silwesly sln p3Y slaossl Wil
A wles g pi5 J5 (SLidles 5 (LSS o )08l g 5leislse sl soleiiny

! calazan

> tread

*hung

* vang

® Shared memory
® sato

N4



A



SOl 09y —F s

9



dosdo -\ -¥

b eyl (n e &5 aabl e aiadde ()] Rangs a5 Sl s 4 Cato 5 09290 Jluwo ST
Floe B 53 Lo gl Jolos 51 65k S5 Silee & anles sjluosly ' aanja Jolus L
Sy sl "o dnt Olime ) il sledol, I o5 Wadoe (3ldae s5luain
i o5t o ol Tium ml B s g b, Vol 5 Ly, USE 4 loger g jlodings dlias
By Silodingy Jlae wdlboo dlins Cople & diny b (pl aeS b atotin 3L oo Saa
5 bl wiile (ool sty byt 1y Ll o o8 sl oo T o ol g oz Jyors ysb
SelST Slnlone 31 s g5 JLelSS slats; leiion SSon é 595 B 5 S Sl
039381 Ll slawi &y 53, 4 59, 45 Wigdge Cgmme (Gludingy Hlado 5 o Jlue > gz
Cad 3l gy ole 2t o (LSS 5 ok oy Ko lST (lapn 0% 53 5 s
Jlgbd Aliae Gy (ol 090 5 Carnis 13 39290 0350 (pl S8 b axd 5 15 0l b
3 ey b 3,06 a5 LSS sla by, SwS 4 gileante Sl S 05 S Sdgp 4
3 2B gloodsay 05950l Wil o faoge Coel cams lid wnled Jo> 1) 05 Plew
W ales Sl 2 S5 ) Ramgh @ jleds g o Jlaw (o 50 wlgioe a5 015 2929 Sl
3ol 050 il o pn 9 ©85 S9ue 9 WIS (SLadlos S i oaa LlSS (slap )6l slon]
5 GLasle,S JalSS 2,580 s 33000 Olgicsn |y i nl Jobo 31 (S0 A3l oo gy
g Lwly cnl 5o B (gl gl (nl &S 2SI (o (luaigy Alise Sl Jo
oS g5l 5 o5 aralioe " giluaite Jlas U 53 Sise slooged 5| (Ko " LalSS (slapin 5
F3o9e Lol Gl &)l Jsb 5o plalS Sl wlowds a5 ool ()T oS> Ll 5 (oxbo
ez el Glge 4 S adgs a0 plal plals ol (LSS slag sl 3l sl Gl
Wb g Jie wds slp el nl shls g Sl 5 JelS5 L e 5500 4 g g
o T e oy o8 glaisS @ 090 ol 1y QLS ) (grmsy o LS (slaaisS 039 el
Ngdioo SLadlos ;S ey 3390 a5 Sl S Sl 13 0 pdy o0 Dyge (SLaSles I 5l bl
Fos wailes oo oloul 1y cany] el aS ails g ogae 4y b IS ol Culys jo a5 a5 jls (6 i plgo

! Cost

2 Optimal

® Objective function

* Nonlinear

> Gradient

® Simplex

" Evolutionary algorithms

® evolutionary algorithms
9 optimization problems

10 natural selection



oS Wyl sy ly (5t eild Al Slagrge a5l (ISE 4 laaigS ol g oo
SelSs oI S a5 Sladles 3wt 68! kbl ad iitae 0B ol 5l Lo JS 5 lalS
AB o alis sladoely wi oSl onl 5o sl il (205 p5ilSe g GlalS L8, 5 i
M 05 Ko 35 IS 5o 5 UF S a8 ol o5 55 5 5 e (g3ldie a5
. ¥ Y R > . g . & .

B aS MQ‘SA ﬁl?u‘ ‘) (51.79@ 9 L.S)"'"‘)“‘"’ LS:LMB‘OQ; &9; 9o Lme ‘M)?i'” L)"‘ o J\JLO.J‘SA
5 Olyis lawg Jleizl a595 S L oo )5 a5 conl (pl (08 (6l Slidles 3 >
5 c ~a
5 e lelsr @ ) lp GalSS slapi oSl anleioe Slan Alias Csemias slad
oley lidl cel cdl> pl as Wyls SIS g adsl Comen Slaz gy LB olows 4 5ls ol Sen
SelSS wiysl e wile 5 SLedles S a0l st oo a5 SLadles S o5l sl
wlad Jose S0 a4 ilgd s Camex slacl 5l sl 2 a5 a4 jahay o)l (gilse Jole
o= as ol Sgdoe gsl‘”‘ o..\j)'b).& slaiws slow Laao )|)§ 9w O 90 |) alsco (S §Tn=>
LgLé:.c‘ as u.JLo- Lg‘).g it 9 S cewlio 6)Lo.*.4> Q.;“ oo Lgl..éz.c‘ )’| r:LAS).a: 6}‘9“’ c;\).j>|
OJJ)‘O)J Lg)l.o.bo Ml.:‘so wLo.Q 6»9.»)‘50 9‘).‘>‘ U’.La‘ oJJ)b).s 3 u’JL:).w JSM o Coro>
LgLé.c‘ 6)‘9‘ 6‘)—?‘ LS‘):’ S el S o GLQM 6‘)“) AGLo‘ o..xj)"aﬁ. )Y ES B Vé.d‘)f
ol 0asslo  ay o oas3lo ol yo as sl Bk 5l g il s Sowslie Hlaws adgl Coxes
ogos Jlie jo ol og solais! S8lS ouslsp slien slo S5 5l Koo (SOl oS
aile dwgy ool olaws LSl jo Lol saijle, gesle yle a4 el Lol oailoy yog
5 abels G sS el 0K 8 LelSS s el solaisl anly JLasl s Wil
‘) 09.‘> 6)‘9.0 Lgl.ibduol.»).a B .A.QOLSA )|).9 ‘_;i.._‘a‘)f OAJ)‘OJJ QL.M.’}’ML’).’ )L\.._‘>| o ‘) 6)‘5“’ u‘)a.u.uo
ol e A cunl s slacl Gl 5 Sladles I 00,0l a5 IS0 sl 4 (gl S 4
. Ve o, = - o .

» ol Gl jlse Gilere (nl o Gilse ISS s B SHLT S 2 0sdise e Les
SLadlos S w28 il (s3lsn gz | SLlagS 258 AllS ) (s3lucsilse Caz Gias% o
arwy (6 lare (pl SaS 4y 120,651l 5l (g3lee Atius G 05l oo (srw 9 mled oo ool by IS

! fitness

2 flower pollination algorithm
3 cross pollination

self pollination

search space

optimal

graphics processing unit (GPU)
8 central processing unit (CPU)
° CUDA

®Threads

1 Cudafy.net

4
5
6
7

\A



aoles o i golpidon By, Sl olped a4 solpinn hgy woxla Jad ol jo g eolo

SOl (pi9y gyl -V-F

c.'a...: le)b A_JP)L> U"‘ Sl 00l dub‘ 6.)[.@..‘.“_: U“’5) )| an.e‘.n.o u?)b ;i: ‘(\—T')JS...; o
Jiw L Mb‘sa alinn 44.]5‘ 6l-érl->°‘) QLQ.Q as =\.J5‘ Coxo> RO o0 uLm.s aS Cowl @YL) 6&:‘)..4‘
S 5 adgl Camem pl e Gl oalls Sloul (L) ol sjle y aladls gy Solas
O9° as L;“LJS‘ Coro> damso ‘5»5 (oli..wd)e_{.d‘)f u)ls 6).»:‘).»4 alasl> LY olf);\f d.»).la
Olad g 3gub oo iy y25 !, g9 5l oLl & S 4y cenl a3 3 1,8 olSws (gl jo aladl>
0 6oL Slowlxe o atwa glils SC3IT @IS ousjls yy aS Gil:;ﬂ 3 e o Ll S a5 b
&S by g atee O o adgl Camex gac SO gleie 4 AT ol 5l Gl as e 0wl
5o aisled oo gilwooly Camex (pl 59y w1y cwl U5 Sliaslos 3 v oS Ol jgiws les a5
Glopls plas (5o 1y Dbl e &5 IS S0 ooleiian oyl gzl o oozl 0l
@ oS akdl> 5l g ouds Ol (6wl Carax sac (i Ol 4 Sl alily (0,65
aelss gyt sl gy S5z 5 ol b ol adhl o 055 s Jitie zee aliil>

CPU GPU

]

GOl Sigy A5 woz e \-F Sl

VY



SOl o 5951 Y- F

S o i 1955 (5 oma g 5 Lo 3 255 ot il 5 2] e alS 1
20 05 el (g5lse IS 403y 00 s Ll o Dlslons 457 02,55 1l o sl iy
D9 oo T soleidny by, Alise Jolhe isu (0

adgl Curos glac!-V-Y-F

& il 5 W 4Lt adyl Copmaz (slael B 5 (s3ludtngy e 2 adgl sla Jo,
X = asgorme S0 4 adgl Comex lael &5 0iS 08 gd giludue Gy
Corox pl 1 gac ail gom D alius (glad aSol (0,8 40 g Wgd oo i yai {Pq, Po, .o, P}
SNl b plplo og anlys x; =K X4, X, ..., Xp D o
Al o dlivie ol dlaws D g adgl Caraz Slass N oS il puplss> g0 D

U oS o0 a8lal 1) rand G g Neighbor ,xe g0 adsl cosez 4 GPU o 12 6l Lo Ll
Sl s B yiie ol 5l Lagiiis 0lsts 3 0l GPU lawg dolas sl ods 4 (5

29,5 oolatuwl

1 2 3 dim Neighbors Rand

adgl Caros Ko oS 9 g3badoo: V-F ISCS

.MS‘SMRS Lgd.'.gN 6‘ 4\,1|)—\).> \) A,Jj‘WLgLa.c\)‘&).a:‘;uﬂaL&)]mw

‘\'.'.‘,9‘ e 6‘)-3 alksl> ua.»a:u B U L

)“ J.d .a)b 924 s 6Léé o) l.a:Jf )‘| &‘@M JS....; O LS\)LQ,W p%’.)}in 5 d.,tJ3| Coro>
G )olKiws (6 ol yoo il o Lo alabl> glad e a5 ol 5LS ocanos ol Solas ogs

D pdy o0 D)go p ) Ol jgiwd degesme oS 4y ogS (o aladl> g5, il aduie (8IS

\al



float *d_Values;
cudaMallocPitch(&d_Values ,&pitch ,dim * sizeof(float), N);

float *d_Fitness;
cudaMalloc( (void**)&d Fitness, N * sizeof(float));

Oliee A_Fitness 5 adgl cosas Cusdsn 5 e d_Values e (ljgiws degomme ol jo
0 Ol SIS Ik oliws (gl aldlle 90 | adsl e Ll 1Sy e (Sl

ADO
!y cudaMallocPitch 31 5 gon S slad jawazs slp cudaMalloc jgiws 5l 1ogS o
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ol Lol aladl> o d_Values

float Values[N][dim];

3,5 Jae GPU ,od_Values o 1, 1 olgs o adgl Comam adgs 5l mo
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float *d_min;
cudaMalloc( (void**)&d min, 1 * sizeof(float) );
float *d_minPosition;
cudaMalloc( (void**)&d minPosition, dim * sizeof(float) );

float min[dim];
float minPosition[1];
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cudaMemcpy( Device , Host, Size * sizeof(float),
cudaMemcpyHostToDevice );

\43



Job Size 5 oo Lol aladl> o #8ly o0 Host g GPU aladl> o #3lg ;a0 Device aS
2ol oo bl la )]
il 0ol ools lis Lol sle pxie CoBge (Y-F) S o

CPU GPU

Flower 1

i [
[ unrosiion |

W&@‘dﬁébsGPU 6)“‘)“45’:")"&"‘6“ o Copxban : YoF S

b acgomo & (J)caroa pas o Oludil -f-v-f

S Al a4 Gl abbl> o b 5 adsl Comex (J5 Sladles 5o bl 0,58l g, 50
S5 olKiss (ol poo adiBl> (o asl G cpl LSLe aS 09l ooy i N X (D + 1) s yibo
S he SO sla ools & oye solgring g, 40 Cawl gam N al)] G g o n XD &l
Soke opolie Sluy ey 5l w5 S e Cupde | ail o 5SS Jolee a5 d_Values
J el SO e s, ol 0 S o,d A_Fitness o blie 4l 1) o  Swls
i Slags o ladyy etz Jloel 5 (slaosls (s, 1 1 oS Lidlos S 2,55
oxly Olygws Jolis a5 Col b S ssles oo =1 d_Values 4!l o 55240 sl 5 (59,
155" g5lwisslge lool jo 098 oo alildS sl >l 4y lags Jawgs a5 ol .conl Oglaie slags gl
29 gn 030l J5 S

g plalid bogS bawgs o5 3)ls 5l 0yh parmie ojled o 4 135S pmgiaslipy 0 &
les il 1) aliws sloosls Jiwyo 4 7 1o e o Eel IogS awgy olulils

! Kernel
Vo



Ji s -0-v-f

g 8L (o0 B bigd oo 12l GPU Lwg &5 oo 02,68 syl Cee o (al3 (Lol Jule
Oled Cisd> ;3 B)S w9l o )o8l sl it el carge Wl (oo b B)S clie ()b
>l GPU Lwg g oais Slg>1,8 CPU Lawgs a5 cunl (g3le auliyy o L) ;o &b L function
9 Wl ) (SIS enijlon slaatus 59, 2 ol sl Wbl Lads s b5 (S 5k 4 09d (o
Sleios Jlosl (Js55 sloosls g9, 2 1) J)S ol 5l (o5 o g a5 S & o

Sl (o 0 Dyge 4 S S B sl

__global__ void kernel(float *d_Values ,float *d_ Fitness)
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}
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Abstract

Evolutionary algorithms are a subset of evolutionary computations and include the
algorithms the search starts with multiple points in solution space to discover the answer
and they are used in problems that ordinary solutions are not responsive due to
complexity and various parameters of the problem.

Evolutionary algorithms inspired by nature and the laws governing it try to calculate the
optimal solution to difficult problems accurately. So far, various evolutionary
algorithms are presented based on the social behavior of organisms, biological behavior
and physical phenomena. Pollination of flowers is an interesting process used by many
plant species for reproduction and survival, and researchers have used the behavior of
the plants to create an evolutionary algorithm called flower pollination algorithm.
Finding the optimal solutions to an optimization problem is challenging and difficult by
increasing the size of the problem by evolutionary algorithms such as flower pollination
algorithm and the flower pollination algorithm may converge to local optimums instead
of a global optimization which is solved by increasing the population and repetition of
flower pollination algorithm which increases the running time significantly.

In this study we try to use the members of the initial population parallel in the graphics
processing unit which has higher processor cores than the main processor. The results of
the tests and simulations indicate that the parallel version of the flower pollination
algorithm by the parallelization technology of graphics (CUDA) has higher execution
speed than standard flower pollination algorithm.

Keywords:

Evolutionary algorithms, flower pollination algorithm, Graphics Processing Unit,
CUDA, a parallel version of flower pollination algorithm
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