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On the framework for parallel evolutionary computation on GPUs
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Recent GPUs (Graphics Processing Units) can be applied to a general
computation program and research on GPGPU (General Purpose computation on GPU) which applies GPU to
various scientific computation has become popular. Evolutionary computation represented by genetic
algorithm (GA) has high parallelism of processing at individual level, population level, etc, and is

a suitable for parallel execution. i )
In this research, we developed an efficient framework for the construction of parallel evolutionary

computation by GPU.

GPU  GPGPU



) (PC)
GPU Graphics Processing Unit

GPU
GPU
GPGPU (General Purpose computation on
GPU)
GA
(Individual)
(Population)

GPU

(2) GPU
SIMD
(Single Instruction, Multiple Data)
GPU NVIDIA
Single Instruction, Multiple

Thread: SIMT SIMT
CPU MIMD, Multiple

Instruction)

GPU
(1) GPU SIMT
i
i
2
GPGPU NVIDIA GPU
CUDA Compute Unified Device
Architecture C
CUDA 32
warp
code thread i thread j
idling time
v i v

)

o

GA

@

(Ant Colony Optimization, ACO)

(Tabu Search, TS)
2
(Quadratic Assignment Problem, QAP)  GPU

@
2
2-opt
TS
n
2 ¢
n(n-1)/2 3
=11 55
¢
5 8
¢
0L
0(m)

MATA (Move-Cost Adjusted
Thread Assignment)
QAP ACO
GPU MATA
5



@

Boo~wouahswNnkro

MATA QAP

Mapper
Mapper

S
0 1 2 3 456 7 8 9 10

AW N RO
wlr|o
N

@Y 10 11 12 13 14

6|15(16]17] 18| 19 ]
21| 22|23| 24| 25 ppisg 27

7

2 QAP
0 1
S )
012 345678 2 Iy 3
e e /E ' = e
L ——T— — ! 3
o —— i |
5 3Ly 36
6] 7|8 %,3&
RE 2 E //'39
(15[ 16 17| 15fa 20 //—v 40
21| 22| 3| sl % b= 1
28] 29| 3] 39 [y 54
3 3efotantaraz| 43] 43N] i
46 a7] 48] 4o] s0[ 51 52 [ 541~ NV
0
4
66 P 12
< o 5

() =8 of=

3 Mapper

Taillard, E.: Comparison of iterative

searches for the quadratic assignment
problem, Location Science 3(2), 87-105,
1995

12
GPU
% /
/ ;
Vol. 60, No. 10, 2016, pp. 443-450,

DOl :
10.11509/isciesci.60.10_443.

Shigeyoshi  Tsutsui and Noriyuki
Fujimoto, A Comparative Study for
Efficient Synchronization of Parallel
ACO on Multi-core Processors in
Solving QAPs, in Proc. Of the IEEE
Symposium Series on Computational
Intelligence, 2015, pp. 1118-1125,
, DOl 10.1109/SSCI1.2015.160.

Shigeyoshi  Tsutsui and Noriyuki
Fujimoto, A Comparative Study of
Synchronization of Parallel ACO on
Multi-core Processor, in Proc. of the
Genetic and Evolutionary Computation
Conference, 2015, Companion Material
Proceedings, pp. 777-778, DOl
10.1145/2739482.2764895.

Shigeyoshi Tsutsui, The Introduction
of Asymmetry on Traditional 2-Parent
Crossover Operators for Crowding and
Its Effects, in Proc of the Simulated
Evolution and Learning (SEAL), 2014,
Vol. LNCS 8886, pp. 70-81, Lecture
Notes in Computer Science, Springer
Berlin / Heidelberg, Springer-Velag,

DOl :
10.1007/978-3-319-13563-2_7.
Noriyuki Fujimoto and Shigeyoshi
Tsutsui, Parallelizing Solution

Construction in ACO for GPUs, in Proc.
of the 9th International Conference,
ANTS 2014, Vol . LNCS 8667, pp. 288-289,
Lecture Notes in Computer Science,
Springer  Berlin /  Heidelberg,
Springer-Velag,

Thomas Weise, Raymond Chiong, Jorg
Lassig, Ke Tang, Shigeyoshi Tsutsui,
Wenxiang Chen, Zbigniew Michalewicz
and Xin Yao, Benchmarking Optimization
Algorithms: An Open Source Framework
for the Traveling Salesman Problem,
IEEE  Computational Intelligence
Magazine, Vol. 9, No. 3, pp. 40-52,
2014, , DOl :
10.1109/MC1.2014.2326101.

pp. 71-84, 2014, ,

Mikiko Sato, Shigeyoshi Tsutsui,
Noriyuki FujimotoTsutsui, Yuji Sato
and Mitaro Namiki, First results of




performance comparisons on many-core
processors in solving QAP with ACO:
Kepler GPU versus xeon PHI, in Proc. of
the Genetic and Evolutionary
Computation Conference 2014
(Companion), pp- 1477-1478, ACM,

DOI: 10.1145/2598394.2602274.

Shigeyoshi  Tsutsui and Noriyuki
Fujimoto, ACO with Tabu Search on GPUs
for Fast Solution of the QAP, in
Massively Parallel Evolutionary
Computaion on GPGPUs, S. Tsutsui and P.
Collet (Eds), Natural Computing Series,
pp.- 179-202, 2013, Springer-Velag,
Berlin/Heidelberg/New York,

DOI: 10.1007/978-3-642-37959-8 9.

Shigeyoshi  Tsutsui and Noriyuki
Fujimoto, An Analytical Study of
Parallel GA with Independent Runs on
GPUs, in Massively Parallel
Evolutionary Computaion on GPGPUs, S.
Tsutsui and P. Collet (Eds), Natural
Computing Series, pp. 105-120, 2013,
Springer-Velag,
Berlin/Heidelberg/New York,

DOI: 10.1007/978-3-642-37959-8 6.

Shigeyoshi Tsutsui, A preliminary
study of crowding with biased
crossover, in Proc of the Genetic and
Evolutionary Computation Conference
2013 (Companion), pp- 1753-1754, 2013,

DOI: 10.1145/2464576.2480774.

Noriyuki Fujimoto and Shigeyoshi
Tsutsui, Parallelizing a genetic
operator for GPUs, in Proc of the IEEE
Congress on Evolutionary Computation,
pp. 1271-1277, 2013 DOl :
10.1109/CEC.2013.6557711.

1

Shigeyoshi  Tsutsui and Noriyuki
Fujimoto, Fast QAP Solver with ACO and
Taboo Search on Multiple GPUs with the
Move-Cost Adjusted Thread Assignment,
GPUs for GEC Competition at GECCO 2013,
Vrije University of Amsterdam,
Amsterdam, 2013 7 9

Shigeyoshi Tsutsui and Pierre Collet
( ), Massively Parallel
Evolutionary Computaion on GPGPUs,
Natural Computing Series, Springer,
: 453 Berlin/Heidelberg/New
York,2013 DOl :
10.1007/978-3-642-37959-8.

http://www.hannan-u.ac. jp/~tsutsui/

o

TSUTSUI, Shigeyoshi

90188590



