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Gold price forecasting has been a hot issue in economics recently. In this work, wavelet neural network (WNN) combined with
a novel artificial bee colony (ABC) algorithm is proposed for this gold price forecasting issue. In this improved algorithm, the
conventional roulette selection strategy is discarded. Besides, the convergence statuses in a previous cycle of iteration are fully
utilized as feedback messages to manipulate the searching intensity in a subsequent cycle. Experimental results confirm that this
new algorithm converges faster than the conventional ABC when tested on some classical benchmark functions and is effective to

improve modeling capacity of WNN regarding the gold price forecasting scheme.

1. Introduction

Since ancient times, gold has been recognized as a symbol
of wealth and a frontierless currency that can be easily
exchanged among different monetary systems [1, 2]. In recent
decades, gold has gradually become a popular nonmonetary
tool in the financial market, which is characterized by high-
yield and high-risk. Gold price is partly regarded as a
reflection of investors’ expectations and the world’s economic
trends. Therefore, gold price forecasting is a vital issue in
economics. At the same time, it is noted that, during the
financial crisis in 2008 and early 2009, the global gold price
has increased by 6% on average, while many mineral prices
have dropped by 40% approximately [3]. In this sense, the
gold price behavior differs from that of most other mineral
commodities, making the forecasting scheme even more
challenging.

Regarding the prediction of gold price, like the prediction
of any other macroeconomic indexes, research efforts have
been focused on the neural network (NN) approaches [4]. A
neural network is known as a mathematical model consisting
of interconnected groups of artificial neurons and processing
information based on a connectionist approach to compu-
tation [5, 6]. In most cases, neural networks are adaptive
systems that can alter the internal structures according to the

external information. Ever since McCulloch and Pitts pio-
neering work [7], artificial models, such as back-propagation
neural network (BP-NN) [8], radial basis function neural
network (RBF-NN) [9], wavelet neural network (WNN) [10],
Kohonen neural network [11], and Hopfield neural network
[12] have been proposed and investigated. Among all these
methods, WNN has shown its advantages in regression
accuracy and fault-tolerant ability due to the adoption of
wavelet transform. It has been confirmed that the WNN
model is the optimal approximator for functions of one
variable [13].

Large numbers of methods have been available to opti-
mize WNN models, among which the gradient descent
method (GDM) and the least square method (LS) are
undoubtedly the most popular ones [14]. However, such
conventional methods cannot help to optimize efficiently or
globally in terms of some complicated WNN models. In
other words, when the parameters in a WNN model are
large in number or when the training scheme is complicated,
these deterministic optimization methods are not as efficient
as they are expected. Therefore, researchers have gradually
shifted their interests towards some intelligent algorithms to
optimize WNN models [15].

Intelligent algorithms have been well studied in recent
decades, among which artificial bee colony (ABC) algorithm
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FIGURE 1: Basic WNN model structure.

is a famous example. It is motivated by the foraging behav-
ior of bee swarms, in which both local exploitation and
global exploration are implemented in each iteration [16].
Applications and developments have been made for ABC in
different ways [17-23]. However, viewing the improvements
has ever been made for the conventional ABC; to the best
of my knowledge, attention has seldom been paid to fully
utilizing the convergence messages hiding in the iteration
system. In this paper, internal-feedback ABC (IF-ABC) is
applied for WNN parameter optimization when training a
gold price prediction model. In this new algorithm, invalid
trial time is taken as an index to reflect the internal status and
then to manipulate the exploration/exploitation intensity. At
this point, the author believes that, apart from the objective
function values, messages that reflect the convergence status
should be made full use of so as to direct the subsequent
searching cycles [24].

As for gold price forecasting, neural network methods
such as RBF-NN [25], BP-NN [26], and WNN [27] have been
studied. This work provides an intensive research to evaluate
the performance of IF-ABC when training the WNN models,
in comparison with the conventional ABC algorithm.

The remainder of this paper is organized as follows. In
Section 2, principle of the WNN model is briefly introduced.
In Section 3, principles of ABC and IF-ABC are introduced
in detail. Section 4 validates the effectiveness of IF-ABC
by means of some classical benchmark functions. Then, IF-
ABC is applied to optimize the WNN models for the gold
price forecasting scheme. Simulation results are released in
Section 5, together with some discussions. The conclusion is
drawn in the last section.

2. Principle of Wavelet Neural Network Model

WNN is a feed-forward neural network combined with the
wavelet transform theory [15]. In such a framework, the
wavelet space is regarded as a feature space, where features
are extracted by weighting the interior states of the input
signals. Compared with other NN models, WNN possesses
higher prediction accuracy and better fault tolerance to meet

the uncertainty, nonlinearity, and complexity in real-world
systems [28].

The basic structure of a WNN model is illustrated in
Figurel, where X; (i = 1,..., p) denotes theith input,Y; (j =
1,...,q)denotesthejthoutput,wij (i=1...,p;j=1,...,k)
refers to the connection weight between the ith input node
and the jth hidden node, ;;; (i = 1,....k;j = 1,...,q) refers
to the connection weight between the ith hidden node and
the jth output node, p represents the number of input nodes,
k represents the number of hidden nodes, and g represents
the number of output nodes. ¥(-) and f(-) stand for the
Morlet and Sigmoid functions, which are defined in (1) and
(2), respectively [14]:
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Each weighted sum of the input components Y? _ (w,,,, -
X,,) is mapped into the feature space by the dilation and
translation procedures, yielding \P((ng (W X — bj)) / aj).
Here, a; and bj, respectively, denote the dilation factor and
translation factor. The output Y; is given as
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The training process of WNN is considered an esti-
mation process to optimize the parameter set ® =
{wips e Wps M1 -+ o5 Mgy Bt -+ o by .., b} as mentioned
above. RMSE (i.e., root mean square error) that reflects WNN
modeling accuracy is defined in (4). Obviously, the smaller
the forecasting error is, the better the model will be:

i=1

s
RMSE (@) = \jéznyz _ trueYi”Z, (4)

where trueY’ (i = 1,...,S) stands for the ith output sample,
Y' (i = 1,...,S) stands for the corresponding output value
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(3) foriter =1: MCN, do

(12)  end for

(13)  for item =1:SN, do

(21) end for

(26) end for
(27)  output global optimum

(1)  initialize solution population using (5)
(2)  settrial(i)=1 (i=1,2,...,SN)

(4) for item =1:SN, do

(5) crossover and mutate using (8) in as many as trial(item) randomly
selected elements for the item-th employed bee

(6) adopt greedy selection

(7) if better position is found for the item-th employed bee, do

(8) trial(item) « 1

9) else

(10) trial(item) « trial(item) + 1

(11) end if

(14) crossover and mutate using (9) and (10) in one randomly selected
element for the item-th onlooker bee

(15) adopt greedy selection

(16) if better position is found for the item-th onlooker bee, do

(17) trial(item) « 1

(18) else

(19) trial(item) « trial(item) + 1

(20) end if

(22) if trial(i) > Limit,i € Q, do

(23) initialize the i-th employed bee using (5), Vi € Q
(24) end if
(25) memorize current best solution

ALGORITHM 1

computed by WNN, and S denotes the number of training
samples.

3. Principles of ABC Relevant Algorithms

3.1. Review of Conventional ABC. ABC is a swarm intel-
ligencebased optimization algorithm inspired by the forging
behavior of bees [16]. In this algorithm, three kinds of bees,
namely, the employed bees, the onlooker bees, and the scout
bees, cooperate to search for the very optimal nectar source
in the space [23].

At the beginning, an initial population is randomly
generated, which contains as many as SN food sources
(i.e., SN feasible solutions) using (5). In this equation, each
solution X; = (x},x7,...,x) is a D-dimensional vector,
Xnax and X ;1 stand for the constraints of the optimization
problem, and rand(0, 1) stands for a random number in the
range (0, 1) obeying the uniform distribution. Note that the
variables involved in this section are not relevant to those
emerged in Section 2:

Xi — Xmin + rand (0’ 1) : (Xmax - Xmin) >

©)
i=1,2,...,SN.

Afterwards, the iteration process starts. Generally, in each
cycle of iteration, as many as SN employed bees search glob-
ally, and then SN onlooker bees search locally for the “qual-
ified” employed bees. Here, the qualification standard con-
cerns the roulette selection strategy and will be introduced
later.

In detail, each employed bee utilizes the position of its one
randomly chosen companion so as to generate a new search-
ing position. Here, only one (randomly chosen) element in
the vector X needs to be changed. For instance, when the
ith employed bee utilizes position of the kth companion in
the jth element, the involved element is changed according
to

xlj — x{ +rand (-1,1) - (x,]( —x{),

(6)

j+k, jke[l,DInZ, ie[l,SN]NZ.

Afterwards, the greedy selection procedure is imple-
mented. If the new position updated by (6) is better (i.e.,
if the corresponding objective function value is lower), the
previous position is discarded; otherwise, the employed bee
remains at the previous position. When all the SN employed
bees complete the searching procedure mentioned above, an
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TaBLE 1: Benchmark functions together with optimums and optimal solutions.

Test function Ranges Optimum Optimal solution
dim
fi@ =) () [~100, 100]4™ 0 [0,0,...,0]%™
l:éim . .
LE=-) x sin(4/|x;) [~500, 500]4™ ~418.9829 - dim [420.96,420.96, . . ., 420.96]%™
i=1
dim
£@ =Y [(x;,—1)" = 10cos (27 (x; — 1)) + 10] [-5.12,5.12]4™ 0 (1,1,...,1]%"
i=1
1 dim
fi ()= —20exp| —-0.2 d,—in
. =1 [-32,32]9m 0 [0,0,...,0]%™
1 1m
—ex — Y cos(2nx;) | +20+e
p < i ; ( z)>
1 dim ) dim X, @ @
X)=—— Y (x) =] |cos| = )+1 —-600, 600]°™ 0 0,0,...,0]“™
719 = g 20011 (w) [ ] [ ]
TABLE 2: Mean and standard deviations of benchmark function values.
Test function Dim ABC IF-ABC
Mean S.D. Mean S.D.
20 3.91095 x 107'¢ 8.20298 x 107" 9.35983 x 107'° 5.51436 x 107
fi 30 3.60481 x 107" 5.46368 x 107" 3.36243 x 107" 1.52689 x 107"
50 512689 x 10°° 757033 x 107° 3.88046 x 10~/ 1.43985 x 1077
20 —8296.94 71.2099 -8374.8 23.4352
£ 30 -12024.2 161.724 -12543.4 60.0115
50 -19268.7 207.685 -20528.7 215.453
20 1.68276 x 1077 751168 x 10”7 9.18874 x 10 4.64979 x 107"
f 30 0.437308 0.605332 0.0454379 0.21805
50 6.73436 2.3812 10.7746 2.77952
20 23339 x107° 1.87748 x 107° 6.05063 x 107" 2.56131 x 107"
fa 30 222333 %107 1.33379 x 107° 4.46 x 107 1.79015 x107°
50 0.0239478 0.0210904 0.00041254 8.76608 x 107°
20 0.00279802 0.00583702 2.61542 x 1078 9.66738 x 1078
fs 30 0.00294599 0.00756719 3.3219 x 10~° 1.53684 x 107°
50 0.0147917 0.0209218 8.75378 x 10°° 3.08913 x 107°

The bold values denote the better value (mean or S.D.) in each line.

index P is calculated as the qualification measurement for the
employed bees using

P (i) = Slf\i]tness @) .
Y- fitness ()

! fobjx)z0]
e — 1Ir o 2] =
1+ obj (X,) I

1 + abs (obj (X;)) if obj(X;) <0

fitness (i) =

where obj(-) stands for the objective function and fitness(-)
stands for a conventionally defined fitness function. Each
onlooker bee needs to search for an employed bee using

(6). In this case, xi stands for the corresponding element

of the selected employed bee and x{ denotes that of the ith

onlooker bee. Again, the greedy selection procedure is then
implemented.

The selection principle for the qualified employed bees
concerns the roulette selection strategy. If P, > rand(0, 1),
the first employed bee is chosen for the specific onlooker bee;
otherwise, comparison between P, and rand(0, 1) is carried
on. If every P, happens to be smaller than rand(0, 1), such
process will go over again until one employed bee satisfies
the condition. In this way, each of the SN onlooker bees
determines the corresponding employed bee to follow.

During each cycle of iteration, once the ith employed
bee or an onlooker bee which searches for the ith employed
bee finds a better position in the crossover procedure, the
parameter trial(i) is directly reset to zero; otherwise, it adds
one. In this sense, trial is regarded as a counter memorizing
the invalid searching times for the ith employed bee. Before
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FIGURE 2: Comparative simulations for minimization of f1 (dim =
30).
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FIGURE 3: Comparative simulations for minimization of f2 (dim =
50).

anew cycle of iteration starts, it is necessary to check whether
any trial(i) exceeds a certain threshold Limit. If trail(i) >
Limit, trial(i) will be directly reset to zero. A scout bee with a
randomly initialized position in the food source utilizing (5)
will take the place. It should be noted that one scout bee at
most is allowed to emerge in each cycle of iteration.

3.2. Principle of IF-ABC. The author and some companions
proposed IF-ABC originally in the previous literature [24, 29].
But this algorithm is slightly modified when presented in this
work, aiming to make it more efficient.

At first, all the employed bees are randomly sent out to
explore in the nectar source space (i.e., the feasible solution
space) following (5). Afterwards, the iteration process gets
started.

In each cycle of iteration, an employed bee exchanges
information with its (randomly selected) companions. Dif-
ferent from that in ABC, the crossover procedure should
involve as many as trial(i) elements in the position of the ith
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FIGURE 4: Comparative simulations for minimization of f3 (dim =
30).
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FIGURE 5: Comparative simulations for minimization of f4 (dim =
50).

employed bee (see (8)), where trial(i) € [1, D] N Z is an issue
to be discussed later:

x! — x) +rand (-1,1)- (xi—xj),

i i

(8)

m, jke[1,D]nZ, i€[l,SNINZ, j+k

This equation is slightly different from (6), aiming to
promote swarm diversity during the global exploration pro-
cedure. Then, the greedy selection procedure is conducted so
as to select better position.

Afterwards, the onlookers carry on the searching process.
In the IF-ABC, each of the employed bees is given a chance
to be followed by an onlooker regardless of the fact that they
are “qualified” or not, pursuing to bring about more chances
(i.e., more dynamics and diversity) for evolution and to fight
against premature convergence as well. In IF-ABC, a new idea
is introduced to evaluate the qualification of a bee.

Now that the roulette selection strategy is discarded in IF-
ABC; then the onlookers directly choose their corresponding
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employed bees to search locally using (9), where the com-
panion X; and the element item j are randomly selected.
Afterwards, the greedy selection is implemented:

J J J

Xj x{ +y(@)-rand(-1,1) - (xk —xi'),
9)
j#k, jke[,DINnZ, ie[l,SN]NZ,
where
In10
i) = — [trial () — 1] - . 10
v =ewp{-lmad® -1 g1 o)

For each of the employed bees, together with the cor-
responding onlookers, the parameter trial represents the
number of ineflicient searching times before even one better
position is derived. If the ith employed bee or the ith onlooker
bee finds a better position, trial(i) is directly reset to 1;
otherwise, it adds 1. If trial(i) is greater than D, the current
ith position X; should be replaced by a reinitialized position
using (5).

Since 1 < trial(i) < D, it is expected that as many as
trial(7) out of the D elements in a candidate feasible solution
involve in the exploration process. But when it comes to
the onlooker bees, only one element is changed, because
it is believed that multicrossover process contributes little
to local search ability. Note that a convergence factor y(i)
appears in (9), which is carefully designed to manipulate the
exploitation accuracy according to the current convergence
status of the ith employed bee. As shown in (10), y(i) decreases
exponentially to 0.1 as trial(i) gradually approaches D. Here,
0.1 is a user-specified lower boundary of convergence scale,
but the selection of such constant can be flexible according to
the users. In this sense, the exploitation around one certain
employed bee is gradually intensified before it is eventually
discarded by means of reinitialization (when trial exceeds D).

To briefly conclude, trial in IF-ABC works to manipulate
the searching intensity in local exploitation and to determine
the searching scale in global exploration. In the author’s view-
point, convergence performances of the bees are measured
not only by the corresponding objective function values but
also by the facts whether they are better than the previous one.

Computational Intelligence and Neuroscience

Such change intends to provide more possibilities for the so-
called unqualified employed bees to be exploited locally by
onlooker bees.

The pseudocode of IF-ABC for constrained optimization
problems is given in Algorithm 1. MCN denotes the prede-
fined maximum cycles of iteration.

4. Effectiveness Validation of IF-ABC for
Numerical Optimization

In this section, ABC and IF-ABC are tested on a number of
classical benchmark functions [30]. The concerned functions
are listed in Table 1, together with the pre-defined optimiza-
tion domains, optimums, and optimal solutions. In this table,
dim stands for the dimension of feasible solutions. f1 is
unimodal and f2, f3, f4,and f5 are multimodal.

All the simulations were implemented in MATLAB
R2010a and executed on an Intel Core 2 Due CPU with 2 GB
RAM running at 2.53 GHz. Each kind of experiment repeated
itself 50 times with different random seeds. The maximum
cycle number MCN is set to 1000 for all the cases involved in
this section, the swarm population (i.e., 2 - SN) is constantly
set to 40, and Limit is set to 200. Two indexes that reflect
the convergence performances (i.e., the mean and standard
deviation of benchmark function values) are listed in Table 2.
Figures 2, 3, 4, 5, and 6 illustrate some typical simulation
results to illustrate the significant advantage of IF-ABC.

As can be seen in Figures 2-6, the iteration process
converges slower when using IF-ABC than it does when
using ABC in the early cycles of iteration. But IF-ABC makes
it catch up and be surpassed later. Initially, it is generally
easy to evolve, regardless of the differences in algorithms.
In other words, when more than one element of a feasible
solution is involved in the crossover procedure, it does not
necessarily lead to a better result in comparison with the
case in which only one element is involved. However, as the
iteration moves on, the internal feedback strategy begins to
take effort. Therefore, it is believed that IF-ABC sacrifices part
of its initial convergence capability for dynamics and diversity
in the bee swarms. A complete comparison concerning these
two algorithms islisted in Table 2, where IF-ABC performs far
better (within 1000 cycles of iteration) in most of the cases.

The author noticed that many remedies for the conven-
tional ABC come from the outside world (e.g., [18, 19]),
ignoring utilizing the convergence status inside the iteration
system. In this sense, IF-ABC intends to emphasize and
advocate the great importance of fully utilizing internal
status as feedback messages. In the event that [F-ABC really
performs not so good as some existing X-ABCs, it does
not mean that the internal feedback strategy is of no use.
Therefore, the author preliminarily compared IF-ABC with
ABC in all the experiments and simulations of this work.

5. Simulations for Gold Price
Forecasting Scheme

The quantities of supply and demand, the prosperity of eco-
nomics, and the environment of international politics mainly
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FIGURE 7: WNN model structure for long-term gold price forecasting.
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FIGURE 8: WNN model structure for short-term gold price forecasting.

affect the gold price or may be regarded as good reflections of
gold price in the future [3, 31, 32]. In this work, seven macroe-
conomic indexes are considered principal reflections of the
long-term gold price in the future (i.e., gold price in the next
year), namely, Dow Jones Industrial Average Index (DJIA),
Consumer Price Index (CPI), US dollar nominal effective
exchange rate (NEER), US federal funds rate (FFR), US dollar
index (USDX), the world’s gold reserves (WGR), and the
world’s crude oil price (COP) [33, 34]. The long-term predic-
tion network structure is demonstratively given in Figure 7. In
this case, four sensitive-about-time macroeconomic indexes
are taken as principal reflections of the short-term gold price
in the future (i.e., gold price in the next month), namely,
DJIA, CPI, USDX, and COP. Then, the short-term prediction

network structure is demonstratively given in Figure 8. Rel-
evant historical data were collected from IHS Global Insight
Inc (see http://www.ihs.com/index.aspx), website of the US
Department of Labor (see http://www.bls.gov), website of
the US Federal Reserve (see http://www.federalreserve.gov),
and website of the International Monetary Fund (see
http://www.imf.org/external/index.htm).

Each single type of experiment was repeated 50 times
with randomly initialized conditions so as to guarantee
the significant initial differences in statistics. It is set that SN =
20 and Limit = 200. All the connection weights in WNN
(i.e., w and #) range from 0 to 1, any a ranges from 0.0001 to
10, and any b ranges from —1to 1. The determination of hidden
layer node number k is theoretically unavailable. In general,
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FIGURE 11: Monthly historical and future forecasting trends of gold
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if k is too large, the overfitting trouble inevitably occurs, and,
conversely, if k is too small, the derived model will reflect
anything but the true facts. In this work, k is selected using
the following equation:

k=+/p-q+16799-p+0.9298-g, (11)

where p and g denote the number of input and output layer
nodes, respectively [28]. Besides, all data put into the WNN
model (i.e., economic indexes and the corresponding gold
prices) should be linearly standardized in the range [0, 1] as
a preprocessing step, and the results worked out by WNN (i.e.,
the predicted future gold prices) involve an inverse process.
First, two cases were studied to compare the convergence
performances of IF-FABC and ABC when optimizing a short-
term forecasting model. In the first case, the prediction model
was trained using four macroeconomic indexes from April
1982 to August 1985 (as long as 60 months), and the optimized
WNN model was tested on the data in each of the coming
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40 months (i.e., from September 1985 to August 1990). In
the second case, the prediction model was trained using four
macroeconomic indexes from September 1990 to April 1997
(as long as 80 months), and the optimized WNN model was
tested on the data in each of the coming 120 months (i.e.,
from May 1997 to April 2007). The comparative convergence
curves are illustrated in Figures 9 and 10. As can be seen in the
following Figures 11 and 12, the trend of gold price predictions
derived by the IF-FABC-WNN model is closer to the actual
gold price data.

In the long-term, such training methodologies are inef-
fective or invalid, since the principle how the macroeconomic
indexes affect the gold price may be varying significantly. To
confirm this point of view, an experiment was carried out
in this work as well (see Figure 13). In this example, annual
macroeconomic indexes from 1987 to 2000 are regarded as
the training data. The derived WNN model is tested by
forecasting the gold price trends from 1973 to 1986 and from
2001 to 2011. Figure 13 clearly depicts that the trained model
only fits the actual gold prices well from 1987 to 2002. That
is to say, the generalization ability of WNN is too weak to
forecast the long-term gold price.

6. Conclusion

In this work, a modified version of ABC named IF-ABC
is applied to optimize the WNN model in the gold price
forecasting scheme. Series of numerical experiments confirm
that IF-ABC is more effective than conventional ABC in the
capability to train WNN models.

IF-ABC is applied in this work to advocate the viewpoint
that, apart from the quality of a nectar source (i.e., the
objective function value), the true convergence efficiency
may also be reflected by the fact that whether a bee does
find a position better than the previous one it stays at. The
author believes that the internal feedback strategy in the IF-
ABC algorithm may be applied to modify some other swarm
intelligence algorithms.

Besides, further investigations into the relationship
between the gold price and other key influencing variables,
especially in the long-term, will be the future work.

Conflict of Interests

The author declares that there is no conflict of interests
regarding the publication of this paper.

Acknowledgments

The author thanks the anonymous referees for their valuable
comments and suggestions. The author also thanks Professor
Yuan Yao for his effort to correct the original paper in
the summer of 2013. This work was supported in part
by the School of Advanced Engineering (SAE) in Beihang
University (which is also known as Beijing University of
Aeronautics and Astronautics) and sponsored by the 6th
National College Students’ Innovation and Entrepreneurial
Training Program, China.

References

[1] Y. Long, “Visibility graph network analysis of gold price time
series,” Physica A, vol. 392, no. 16, pp. 3374-3384, 2013.

[2] A.Parisi, E Parisi, and D. Diaz, “Forecasting gold price changes:
rolling and recursive neural network models,” Journal of Multi-
national Financial Management, vol. 18, no. 5, pp. 477-487,2008.

[3] S. Shafiee and E. Topal, “An overview of global gold market and
gold price forecasting,” Resources Policy, vol. 35, no. 3, pp. 178—
189, 2010.

[4] X. Shao, K. Wu, and B. Liao, “EP—norm multikernel learning
approach for stock market price forecasting,” Computational
Intelligence and Neuroscience, vol. 2012, Article ID 601296, 10

pages, 2012.

[5] Q. H. Do and J.-E Chen, “A neuro-fuzzy approach in the clas-
sification of students’ academic performance,” Computational
Intelligence and Neuroscience, vol. 2013, Article ID 179097, 7
pages, 2013.

[6] E. M. Dias, A. Antunes, and A. M. Mota, “Artificial neural
networks: a review of commercial hardware,” Engineering Appli-
cations of Artificial Intelligence, vol. 17, no. 8, pp. 945-952, 2004.

[7] W. S. McCulloch and W. Pitts, “A logical calculus of the ideas
immanent in nervous activity, The Bulletin of Mathematical
Biophysics, vol. 5, no. 4, pp. 115-133, 1943.

[8] D. E. Rumelhart, G. E. Hinton, and R. J. Williams, “Learning
representations by back-propagating errors,” Nature, vol. 323,
no. 6088, pp. 533-536, 1986.

[9] D. Lowe and D. S. Broomhead, “Multivariable functional
interpolation and adaptive networks,” Complex Systems, vol. 2,
pp. 321-355, 1988.

[10] 1. Daubechies, “Wavelet transform, time-frequency localization
and signal analysis,” IEEE Transactions on Information Theory,
vol. 36, no. 5, pp- 961-1005, 1990.

[11] T. Kohonen, “The self-organizing map,” Proceedings of the IEEE,
vol. 78, no. 9, pp. 1464-1480, 1990.

[12] J.J. Hopfield and D. W. Tank, “Neural’ computation of decisions
in optimization problems,” Biological Cybernetics, vol. 52, no. 3,
pp. 141-152, 1985.

[13] V. Kreinovich, O. Sirisaengtaksin, and S. Cabrera, “Wavelet
neural networks are asymptotically optimal approximators for
functions of one variable” in Proceedings of the IEEE World
Congress on Computational Intelligence, vol. 1, pp. 299-304,
Orlando, Fla, USA, June 1994.

[14] Y. Yan and B. Guo, “Application of wavelet neural network
(WNN) and gradient descent method (GDM) in natural image
denoising,” Journal of Computational Information Systems, vol.
2, no. 2, pp. 625-631, 2006.

[15] M. Yue-bo, Z. Jian-hua, G. Xu-sheng, and Z. Liang, “Research
on WNN aerodynamic modeling from flight data based on
improved PSO algorithm,” Neurocomputing, vol. 83, pp. 212221,
2012.

[16] D.Karaboga, “An idea based on honey bee swarm for numerical
optimization,” Tech. Rep. TR06, Erciyes University Press, Kay-
seri, Turkey, 2005.

[17] G. Zhu and S. Kwong, “Gbest-guided artificial bee colony
algorithm for numerical function optimization,” Applied Math-
ematics and Computation, vol. 217, no. 7, pp. 3166-3173, 2010.

[18] F Kang,].Li, and Z. Ma, “Rosenbrock artificial bee colony algo-
rithm for accurate global optimization of numerical functions,”
Information Sciences, vol. 181, no. 16, pp. 3508-3531, 2011.



10

(19]

(20]

(21]

(22]

(24]

[25]

(26]

[27

[29]

[30]

(31]

(32]

(33]

(34]

W.-E Gao, S.-Y. Liu, and L.-L. Huang, “A novel artificial bee
colony algorithm with Powell's method,” Applied Soft Comput-
ing, vol. 13, no. 9, pp. 3763-3775, 2013.

B. Liand Y. Li, “BE-ABC: hybrid artificial bee colony algorithm
with balancing evolution strategy;,” in Proceedings of the 3rd
International Conference on Intelligent Control and Information
Processing (ICICIP ’12), pp. 217-222, Dalian, China, July 2012.

A. Banharnsakun, B. Sirinaovakul, and T. Achalakul, “Job shop
scheduling with the best-so-far ABC,” Engineering Applications
of Artificial Intelligence, vol. 25, no. 3, pp. 583-593, 2012.

M. Manuel and E. Elias, “Design of frequency response masking
FIR filter in the canonic signed digit space using modified
artificial bee colony algorithm,” Engineering Applications of
Artificial Intelligence, vol. 26, no. 1, pp. 660-668, 2012.

B. Li, L. G. Gong, and C. Zhao, “Unmanned combat aerial
vehicles path planning using a novel probability density model
based on artificial bee colony algorithm,” in Proceedings of the
4th International Conference on Intelligent Control and Informa-
tion Processing (ICICIP ’13), pp. 620-625, Beijing, China, June
2013.

B. Li, L. G. Gong, and Y. Yao, “On the performance of internal
feedback artificial bee colony algorithm (IF-ABC) for protein
secondary structure prediction,” in Proceedings of the 6th Inter-
national Conference on Advanced Computational Intelligence,
pp- 33-38, Hangzhou, China, October 2013.

S. E M. Hussein, M. B. N. Shah, M. R. A. Jalal, and S. S. Abdul-
lah, “Gold price prediction using radial basis function neural
network,” in Proceedings of the 4th International Conference on
Modeling, Simulation and Applied Optimization (ICMSAO ’I1),
pp- 1-11, Kuala Lumpur, Malaysia, April 2011.

C. Liu, “Price forecast for gold futures based on GA-BP neural
network,” in Proceedings of the International Conference on
Management and Service Science (MASS °09), pp. 1-4, Wuhan,
China, September 2009.

Z.Jinliang, T. Mingming, and T. Mingxin, “Effects simulation of
international gold prices on crude oil prices based on WBNNK
model,” in Proceedings of the ISECS International Colloquium on
Computing, Communication, Control, and Management (CCCM
’09), vol. 4, pp. 459-463, Sanya, China, August 2009.

Y. Tian, Hybrid Neural Network Technology, Sciences Press,
Beijing, China, 2009.

B. Li, Y. Li, and L. G. Gong, “Protein secondary structure
optimization using an improved artificial bee colony algorithm
based on AB off-lattice model;” Engineering Applications of
Artificial Intelligence, vol. 27, pp. 70-79, 2014.

E. Rashedi, H. Nezamabadi-pour, and S. Saryazdi, “GSA: a
gravitational search algorithm,” Information Sciences, vol. 179,
no. 13, pp. 2232-2248, 2009.

Y. Jian-Hui and D. Wei, “Prediction of gold price based on
WT-SVR and EMD-SVR model,” in Proceedings of the 8th
International Conference on Computational Intelligence and
Security (CIS ’12), pp. 415-419, Guangzhou, China, November
2012.

G. Grudnitski and L. Osburn, “Forecasting S&P and gold
futures prices: an application of neural networks,” Journal of
Futures Markets, vol. 13, no. 6, pp. 631-643, 1993.

L. Shuguang and H. Zaiyong, “An analysis: the stability of long-
run determinants of the gold price;” World Economy Study, vol.
2, no. 9, 2008.

F. Zhang and Z. Liao, “Gold price forecasting based on RBF
neural network and hybrid fuzzy clustering algorithm,” in

Computational Intelligence and Neuroscience

Proceedings of the 7th International Conference on Management
Science and Engineering Management, vol. 241 of Lecture Notes
in Electrical Engineering, pp. 73-84, Springer, Berlin, Germany;,
2014.



Journal of ) )
Industrial Engineering

Applied
Computational
Intelligence and Soft

Computing—

. A International Journal of
The Scientific Dictione. S
World Journal Sensor Networks

Advances in

Fuzzy
Systems

--.------v' ]

Journal of
Computer Networks
and Communications

Journal of

Robotics

Modelling &
Simulation
in Engineering

e

Hindawi

Submit your manuscripts at
http://www.hindawi.com

// Advances in

Artificia
Intelligence

Advances in
Artificial
Neural Systems

5'.

International Journal of
Computer Games . in
Technology S re Engineering

Reconfigurable
Computing

d Computational
Human-Computer Intelligence and Electrical and Computer
Interaction Neuroscience Engineering

Journal of

Ad



