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Abstract—Recently, graphics processing units (GPUs)
are used for general purpose computing which is called
GPGPU. A feature of GPGPU is executing parallel com-
putation by many GPU cores. In this paper, GPGPU cal-
culation is used for several methods of optimization prob-
lems. We show a reduction of computation time by apply-
ing GPGPU in the execution of a method for quadratic as-
signment problems using chaotic neurodynamics and of a
method for multi-objective problems using particle swarm
optimization and chaotic neurodynamics.

1. Introduction

The authors have proposed a method for solving multi-
objective optimization problem[1]. The proposed method
switches more than two particle swarm optimization (PSO)
methods[2] with switching by chaotic neurodynamics[3].

Generally, a method for combinatorial optimization
problems using chaotic neurodynamics needs to set opti-
mum parameters. However, searching the optimal param-
eters is difficult. Therefore, we consider the parameter
search problems as multi-objective optimization problems.

In this paper, the proposed method is applied to pa-
rameter search problems for solving quadratic assignment
problems (synchronous exponential chaotic tabu search,
SECTS)[4]. The proposed method finds equal or better
parameter values for the search performance than that by
known values. However, this parameter search problem is
very large computational cost problem. We use general-
purpose parallel computation using graphics processing
units (GPU) called GPGPU. Therefore, we try to speed up
the computation by using GPGPU. Hence, the calculation
by GPGPU succeeded in finding a solution with high speed
as compared with calculation by the CPU.

2. Proposed method

The multi-objective optimization problems (MOP)[5] is
an optimization problem when there are more than two ob-
jective functions.

We propose an algorithm for switching method that uses
a chaotic neural network. A feature of this method is that

the number of neurons is equal to the number of algorithms.
The updating of the internal state of each neuron is repre-
sented by the following set of equations.

ξi (t+ 1) = −βswΔsw (t) , (1)

ηi (t+ 1) = −W
∑N

k=1,k �=i
xk (t) , (2)

ζi (t+ 1) = −αsw

∑t

d=0
kdrxi (t− d) + θ, (3)

xi (t+ 1) = f (ξ (t+1)+ηi (t+1)+ζi (t+1)) (4)

where, xi(t) is the output of the i-th exchanging neuron at
time t. ξi(t) is the internal state for the gain effect of the
exchanging neuron. ηi(t) is the internal state for the feed-
back effect of the exchanging neuron. ζi(t) is the internal
state for the tabu effect of the exchanging neuron. kr is
a decay parameter of the gain effect. Δsw(t) is a gain of
the objective function value when the candidate exchange
is executed. θ is a positive bias. αsw is a scaling parameter
of the internal effect. βsw is a scaling parameter of the gain
effect.

The proposed method[6] uses switching three particle
swarm optimization (PSO) methods[2]. These PSO meth-
ods are shown in below.

The first method is multi-objective optimization PSO
(MOPSO) [7]. The second method is optimized multi-
objective PSO (OMOPSO) [8]. This method is added
mutations such as in the genetic algorithm to MOPSO.
The third method is speed-constrained multi-objective PSO
(SMPSO) [9]. This method is added a limit to the speed of
particle motions to OMOPSO.

3. Formulation of parameter search for QAP

Reference [10] shows the following. When we minimize
the spatial mutual information, a result of the QAP is im-
proved. One of objective functions is minimizing spatial
mutual information.

We were focusing on autocorrelation of internal state for
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Figure 1: Example of the autocorrelation when SECTS was
achieving to the global solution.

the tabu effect of the exchanging neuron.

φ (τ) =

T∑

m=1

N∑

i=1

N∑

j=1

ζij (m) · ζij (m+ τ) (5)

(τ = 0, 1, 2, · · · , N) ,

A (τ) =φ (τ) /φ (0) (6)

where, A (τ) is the autocorrelation of constituent neurons
in the neural network. ζij (·) is the internal state for the
tabu effect of SECTS.

As a preliminary experiment, we used Lipa20b problem
[11]. It is reported that SECTS achieves to the global so-
lution in every trial [10]. We set SECTS’s parameters val-
ues as αζ = 1.0, αη = 0.1, β = 0.4, kr = kf = 0.9,
R = 0.1. Fig. 1 shows an example of the autocorrelation
when SECTS was achieving to the global solution. Fig.
2 shows an example of the autocorrelation when SECTS
failed to achieve the global solution.

From these results, we confirmed that as the delay time
τ increases, A (T ) is reduced. We used this property as
an evaluation function of the parameter search. In con-
crete, we evaluated the summation of A (τ) delay time
from τ = 0 to a certain time. In the case shown in Fig.
1, the summation of A (τ) became a small value. However,
in the case shown in Fig. 2, the summation of A (τ) became
large value. The summation of A (τ) can be also useful for
evaluating periodicity at a certain range of summation.

Therefore, we formulate two objective function are
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Figure 2: Example of the autocorrelation when SECTS was
NOT achieving to the global solution.

shown in the following.

minimize f1 (r) =
∑T

τ=0
A (τ) , (7)

r = {αη, k, R} ,
subject to 0 < αη < 1, 0 < k < 1, 0 < R < 1,

minimize f2 (t) =
1

n2

∑n

i=1

∑n

j=1
MIij (8)

MIij=H(xi (t))−H(xi (t)|xj (t− 1)) ,

where, αη is the scaling parameter of SECTS, k is the time
decay constant of SECTS. We set k = kr = kf . R is a pos-
itive bias of SECTS, MIij denotes the spatial mutual in-
formation of the i th neuron and the j th neuron of SECTS,
H(xi (t)) is the entropy of the output of the i th neuron
at time t, H(xi (t)|xj (t− 1)) is the conditional entropy of
xi (t) and xj (t).

4. Application of GPGPU to Proposed Method

A parameter search of SECTS is a very expensive prob-
lem in computation cost. The first one is the procedure to
update the position and the speed of particles of PSO. The
second one is the procedure that updates CNN of SECTS.
These procedures can be realized in parallel computing.
We can accelerate PSO and SECTS by applying GPGPU.
In our previous work[12], SECTS was implemented in
GPGPU.

4.1. Parallel computation of PSO

PSO requires the calculation of the position and the ve-
locity of many particles. The calculation of each particle
the same; therefore, calculation of one particle is can be
executed as one thread.
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4.2. Parallel computation of SECTS

We have implemented SECTS [12]. We use the same
method as in [12] in this paper.

5. GPGPU Computer

We show the specifications of two computers used in the
experiments in Tables 1 and 2.

Table 1: Spec of Computer 1

CPU1 Intel Xeon E5–2620 (octa core, 2.0GHz)
CPU2 Intel Xeon E5–2620 (octa core, 2.0GHz)
RAM DDR3–1600 16GB (quad channel)
GPU nVIDIA NVS 300 (VRAM: DDR3 512MB)

GPGPU nVIDIA Tesla K20c (VRAM: GDDR5 5GB)
OS Microsoft Windows Server 2012 R2 (64bit)

ADE Microsoft Visual Studio 2013 Update 4
CUDA Toolkit 6.5 Release

Table 2: Spec of Computer 2

CPU Intel Core i7 2820QM (quad core, 2.3GHz)
RAM DDR3–1333 8GB (dual channel)
GPU nVIDIA GeForce GT 540M (VRAM: DDR3 1GB)
OS Microsoft Windows 8.1 Update (64bit)

ADE Microsoft Visual Studio 2013 Update 4
CUDA Toolkit 6.5 Release

The computer 1 is a high-performance configuration that
has two physical CPU. This CPU has 8 physical cores per
one unit that is a maximum of 16 cores per one unit, in-
cluding Hyper-Threading Technology. Also, the GPGPU
board of the computer 1 in Kepler architecture, the num-
ber of single precision CUDA core is 2496, the number of
double-precision CUDA core is 832.

However, the computer 2 is a general configuration that
has one physical CPU. This CPU has 4 physical cores
that are a maximum of 8 cores, including Hyper-Threading
Technology. Also, the GPU board of the computer 2 in
Fermi architecture, the number of CUDA core is 96.

6. Results of numerical experiment

We numerically evaluated the performance of the
proposed method for some benchmark problems of
QAPLIB[11], by performing 10 trials for each problem.
We show results of the average of computation time of the
proposed method and that of the conventional method in
Fig. 3 and Table 4. In Fig. 3 and Table 4, the calculation
using GPGPU is about 4 to 8.5 times faster than calculating
using the CPU. From these result, we find that efficiency of

using GPGPU in the computer 2 is higher than the com-
puter 1.

From Fig. 3 and Table 4, the computer 1 is seem to be
slower than the computer 2. The difference is caused by the
following two factor. The computer 1 is 2.5GHz maximum
frequency when turbo boost is in use. However, the com-
puter 2 is a 3.4GHz maximum frequency when turbo boost
is in use. Thus, the difference can be caused by the effect
when it is calculated in a single thread. Also, the difference
between Kepler and Fermi architectures was also affected
for the GPU.

7. Conclusion

In this paper, we have proposed a method of the param-
eter search of QAP in high speed by using the GPGPU. As
a result, it is possible to realize 8 times faster as compared
to the calculation by the CPU as maximum performance.
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Figure 3: Result of computation time.

Figure 4: Result of computation time.
Computer Lipa20b Had20 Lipa30b

Computer 1 GPGPU 1840 [sec.] 1914 [sec.] 4250 [sec.]
CPU 7261 [sec.] 8156 [sec.] 34231 [sec.]

Speedup 3.95 4.26 8.05
Computer 2 GPGPU 1486 [sec.] 1441 [sec.] 3292 [sec.]

CPU 6808 [sec.] 7542 [sec.] 27895 [sec.]
Speedup 4.58 5.23 8.47
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