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Creating an intelligent system that can accurately predict stock price in a robust way has always been a
subject of great interest for many investors and financial analysts. Predicting future trends of financial
markets is more remarkable these days especially after the recent global financial crisis. So traders who
access to a powerful engine for extracting helpful information throw raw data can meet the success. In
this paper we propose a new intelligent model in a multi-agent framework called bat-neural network
multi-agent system (BNNMAS) to predict stock price. The model performs in a four layer multi-agent
framework to predict eight years of DAX stock price in quarterly periods. The capability of BNNMAS
is evaluated by applying both on fundamental and technical DAX stock price data and comparing the
at algorithm
rtificial neural network
ulti-agent system

undamental analysis
AX stock price

outcomes with the results of other methods such as genetic algorithm neural network (GANN) and some
standard models like generalized regression neural network (GRNN), etc. The model tested for predicting
DAX stock price a period of time that global financial crisis was faced to economics. The results show
that BNNMAS significantly performs accurate and reliable, so it can be considered as a suitable tool for
predicting stock price specially in a long term periods.
. Introduction

Creating an intelligent system that can accurately predict stock
rice in a robust way has always been a subject of great interest for
any investors and financial analysts. However, the stock market

omain is dynamic and unpredictable [1]. It is not a secret that stock
arket movements are reactive to external and internal factors as

olitical, economic and even social [2,3] so stock market prediction
an be classified under complex systems.

Complex system is an approach to study how the subsystems
f a system interact with each other and how the whole system
nteracts and manages relationships with its environment. In mod-
ling such complex systems (like ours), difficulties have already
aced during designing a robust model and selecting its architecture
4]. To dealing with this problem we chose to design our complex
ystem under multi-agent framework described below.
A multi-agent based system is a combination of autonomous
ecision makers named agents that communicate with each other
nder prescribed rules. An agent is a software program which is
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capable of autonomous action within its environment in order to
meet its design objectives [5] and accordingly a multi-agent sys-
tem is a set of interacted agents suited to solve a problem in a
distributed manner. Multi-agent systems have autonomy integra-
tion, reactivity and flexibility capabilities [4]. A multi-agent based
paradigm is therefore considered to be well suited to explaining
and understanding the phenomena associated with the complex
phenomena of financial system [5]. Stock market prediction is a
distributed problem means that it is a combination of indepen-
dent subtasks performs specific functions to achieve the global goal
which is predicting price accurately.

The most important part of a multi-agent system is the arti-
ficial intelligent section. In our research we chose data mining,
function approximation and knowledge discovery to handle this
role.

A wide range of computer based evolutionary algorithms exist
that can be applied for this objectives such as classifier systems,
feature selection algorithms (FS), genetic algorithm (GA), genetic
programming (GP), artificial neural network (ANN), fuzzy inference
systems, etc. In our proposed model we used feature selection and

time lag selection for data preprocessing phase and a hybrid bat-
neural network (BNN) model for the function approximation phase.
Khan and Sahai showed that using bat algorithm (BA) for optimizing
neural network weights performs better than some well-known
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odels such as GA, PSO (particle swarm optimization) and BP (back
ropagation) and LM (Levenberg–Marquardt algorithm) [6].

For  data oriented problems such as stock market prediction, data
uality is a key factor. In the literature there are two important

ndicators for prediction stock price including fundamental analysis
nd technical analysis. Fundamental analysis uses the information
n company financial statements, national financial position and
ven some international factors such as oil price, gold price, etc.
echnical analysts believe that stock price changes generally are
riving from prices and volume data [7,8]. Technical analysis gives

 framework for studying investors behaviors, however fundamen-
al analysis provides a mechanism to evaluate company’s financial
ealth. In addition fundamental analysis can be extended to other

actors like geopolitical factors of influence, other economic data
hat is release by the government and news [2]. To utilizing the
enefit of both kind of analysis we used fundamental and technical
ata sets simultaneously.

Another  important factor for this kind of financial problems is
ime lag selection that known as Takens theorem, states that for a
ide class of deterministic systems there exist a one to one map-
ing between past y(t − 1), y(t − 2),. . .,  y(t − d) of time series and
he state of the system at time y(t) [9].

However in this research we emphasized on promoting the
tock price prediction accuracy using the hybrid bat neural network
BNN) intelligence system combining the variables of technical and
undamental analysis considering the data time lags.

The  rest of the paper is organized as follows. Section 2 presents
 review of related works. Section 3 describes architecture of pro-
osed model. Section 4 demonstrates the experimental results. This
aper concluded in Section 5.

. Related Works

In  recent years many researchers showed their interest in the
eld of combining multi-agent based systems and data mining tasks
nd algorithm. Ali Albashiri and et al. [10] proposed an extendible
ulti-agent data miner (EMADS) which is to address data min-

ng requests by interacted agents under decentralized control.
zarnowski and Jedrzejowicz [11] described an agent based dis-
ributed learning framework based on data reduction. Yang et al.
12] proposed a multi-agent based data mining system to biological
ata analysis. Wardeh et al. [13] proposed an approach to multi-
gent classification in which individual agents argue for a given
xample to be classified with a particular label according to their
ocal data, implemented in a PISA (pooling information from sev-
ral agents) multi-agent framework. Ghedini Ralha and Sarmento
ilva [14] described a multi-agent data mining system to extract-
ng information from the Brazilian federal procurement process
atabases to recognize cartel formation among applicants in the
rocess of corruption detection and prevention. Giannella et al.
15] offered a perspective on distributed data mining algorithms
n context of multi agent systems. Klusch et al. [16] focused on the
otential added value of using agent technology in the domain of
nowledge discovery. Gao et al. [17] presented a model for coopera-
ive agents for mining knowledge from heterogeneous data (CoLe).
hukla et al. [18] conceptualized a bidding-based multi agent
ystem for solving integrated process-planning and scheduling
roblems. They proposed an architecture consist of autonomous
gents capable communicate with each other which can make deci-
ions based on their knowledge. da Silva et al. [19] proposed a
iew on distributed data mining in multi-agent framework. They

iscussed the connection between distributed data mining and
ulti-agent systems. Zghal et al. [20] presented an agent frame-
ork for data mining. They used multi-agent systems to improve

he execution time at different levels.
puting 29 (2015) 196–210 197

Some  researches were carried out in using intelligent agent
based model in forecasting. Cendon et al. [21] implemented a multi-
agent system to control a complex production environment. In
their research agents used data mining techniques to simulate
actual status of the manufacturing process to support decision
making procedure. Lee and Liu [22] proposed an intelligent agent
based system for weather forecasting using fuzzy-neuro network
to achieve automatic weather information gathering and filtering
and for time series weather prediction. Jumadinova and Dasgupta
[23] developed a multi-agent based system that incorporates differ-
ent information related aspects and analyzing the effect of them in
prediction market. Chang and Liu [24] developed a Takagi-Sugeno-
Kang (TSK) type fuzzy rule based system for stock price prediction.
Fazel Zarandi et al. [25] presented a type-2 fuzzy rule based expert
systems for stock price analysis. The proposed model applies on
both technical and fundamental indexes. Lu [26] proposed an
integrated independent component analysis (ICA)-based denois-
ing scheme with artificial neural network for prediction. Boyacioglu
and Avci [27] investigated the predictability of stock market return
with adaptive network-based fuzzy inference system (ANFIS). The
authors used six macro-economic variables and three indices as
input variables to model and predict the return on stock price index
on Istanbul stock exchange [27]. Kara et al. [28] proposed two mod-
els based on two  classification techniques, artificial neural network
(ANN) and support vector machines (SVM). They showed that the
average performance of ANN model was  found significantly better
than that of SVM model (Ten technical indicators have been used
as input variables.) [28]. Feng and Chou [29] presented an artificial
neural prediction system developed with combinations of step wise
regression analysis (SRI), dynamic learning and recursive-based
particle swarm optimization (RPSO) learning algorithms (twenty
technical indexes have been investigated as input variables.). Hsu
[30] hybridized a self-organized map  (SOM) neural network and
genetic programming (GP) in order to predict stock price. Chang
[31] focused on three different algorithms, artificial neural network,
decision trees and the hybrid model of ANN and decision trees,
for predicting stock price. The study discovered that compared to
other two methods, ANN is more suitable method for predicting
stock price in the volatile post-crisis stock market [31]. Chang et al.
[32] proposed a novel model by evolving partially connected neural
networks (EPCNNs) to predict the stock price trend using technical
indicators as inputs.

In  financial and economic area Kettera et al. [33] presented
that an autonomous agent can use observable market conditions
to characterize the micro economic situation of the market and
predict market trends. Raudys and Zliobaite [34] proposed a multi-
agent system for prediction of financial time series aimed at help
to reduce forecasting error using a system of several adaptive
forecasting agents. Wei  et al. [35] proposed a simple agent-based
model of trading incorporating momentum investors. The model
is able to reproduce some of the stylized facts observed in real
markets [35]. Zhang et al. [5] designed a multi-agent based system
which is integrated using an agent-oriented approach and ontol-
ogy as a common understanding of problem domain, by focusing
on valuation effects of bankruptcy filing through inter-firm link-
age. Cui et al. [36] described a novel architecture to model the
stock market by utilizing stock agent, finance agent and investor
agent. Li et al. [37] designed an agent-based continuous double
auction stock market, which uses the same trading mechanism as
the Chinese stock market. Kluger and McBride [38] developed an
autonomous agent-based market micro structure simulation with
both informed agents and uninformed agents liquidity-motivated

agents. Ponta et al. [39] presented an artificial stock market char-
acterized by heterogeneous and informed agents. Yang et al. [40]
constructed an agent-based stock market model which concisely
described investors’ heterogeneity and adaptability by introducing
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rice sensitivity and feedback time. This article presents an intel-
igent financial time series prediction model based on the agent
ramework to meet the fluctuations made by the financial crisis.

Next  part is aimed at describing the architecture and designing
f the multi-agent framework. We  will explain the goals of the sys-
em in each layer and then roles will describe and clarify how the
lusters of roles shape agents. Also a detailed explanation about the
redictive model will be present.

. Architecture of the proposed model

The architecture of proposed BNNMAS consists of four layers.
he first layer stands for gathering data using external data sources
uch as daily statistics and even qualitative data like news and also
xpert knowledge to determining data categories. The results of
his layer send to the second layer aimed at data preprocessing and
ndex voting. In this layer we try to choose the most important and
obust features among normalized data to reduce the complexity
ut maintaining validation in the same stage using two parallel
rocesses, lag selection to choose the best time lag of features to

mprove the accuracy and cross correlation to check one by one
orrelation (each feature with the target). The results of these two
rocesses send to voting node to choose the most relevant features
nd applying time lags on them. Then the reformed dataset send
o the third layer via selected features protocol. The third layer
s aimed at designing an artificial intelligence framework to pre-
ict stock price (we used artificial neural network in our case). In
his layer 80% of normalized data used to training ANN with BAT
lgorithm and the results delivered to the forth layer aimed at val-
dation testing and reporting. This layer provides model analysis
nd knowledge representation, generating prediction of stock price
nd investigation of the probable scenarios to make the best deci-
ion by interacting with the expert (Based on the multi-disciplinary
rait of this macro-economical decision it seems to be good if
he experts group contain economists, futurist, financial analysers,
raders, etc.). The proposed architecture is shown in Fig. 1.

.1.  Goals of the system

The  starting point of designing a system is specification of sys-
em goals. This procedure often resulting a list or diagram of goals
nd sub goals. The reasons of building a system should always
e central in one’s thinking when specifying the system. In addi-
ion goals are central to the functioning of the intelligent software
gents that are going to realize the system [41]. Our final goal is
forecasting the stock price with the highest accuracy”. To achieve
his goal we designed a four layer architecture, each one has its
wn goals and sub goals shown in Fig. 2 (we used the Prometheus
esigning tools (PDT) version 2.5 to drawing the diagrams). Fig. 2
epresents goal overview diagram, directed a cyclic graph of all
oals in the system.

As  has been shown in Fig. 2, each layer has its own goals and
ub-goals coordinated with other layers to facilitate enhancing the
verall goal of the whole system (in our case, predicting the stock
rice accurately). Layer one is aimed at gathering data from even
ualitative and quantitative datasets. So data gathering and feature
etection agent get quantitative data from daily stock price datasets
nd get quantitative data from news. To make these two  hetero-
eneous datasets this agent must transforming quantitative data.
o achieve this sub-goal quantitative data classified using expert’s
pinions and then based on the influence rate of each classes the

wo data sets can be comparable.

Layer  two has a main goal to detect most relevant features to
ecrease the complexity level of computations while considering
he whole space of the problem. Three sub goals determined at this
puting 29 (2015) 196–210

level: lag selection (to define the time lag of each parameter on the
goal parameter), feature selection (to select the most relevant fea-
tures) and data normalization (to prevent the effects of parameters
range on the results). All these parts will be described in further
section of the article.

Layer  three aimed at predicting the stock price. It starts with
creating an artificial neural network (ANN) and initializing its archi-
tecture. To optimize the ANN’s weights this agents create a BAT
algorithm to adjust the weights of the ANN. Finally layer four
attempt to build scenarios based on prediction results, experts ideas
and environmental scanning.

3.2.  Roles of the system

After  defining goals and sub-goals of the model, it is the time
to describe the roles by aggregating goals. At a glance roles define
functionality of agents created by grouping of related goals, per-
cepts, and actions for a series of behaviors. Determining the system
goals is the key step to defining the agent types. Fig. 3 shows the
system roles diagram, which grouped goals, percepts and actions
under roles. Roles are generated based on the goals determined
before. The star shape stands for introducing inputs while rectan-
gles consist of roles and ovals consist of goals. The outputs are
accessible in rectangle plus triangle shape.

As we determined roles of system we  can specify agents by
grouping roles under agents. The roles that seem related make
sense to group together. Fig. 4 shows the agent-role grouping dia-
gram where you can see the agents used in our research.

Fig. 5 describes how different types of agents interact in the
system. Each agent is described in the bottom of the figure.

3.3.  Description of the agents

As we  mentioned in Fig. 3 each layer in our proposed archi-
tecture contains number of agents that execute defined tasks to
achieve system overall goals. Detailed description of each agent is
expressed in the following sections.

3.3.1. Data gathering and feature detection
This agent aimed at creating the most relevant metadata using

quantitative and qualitative data sets. But it faces an important
problem in its way, doing the job that is these kinds of data are
not comparable in most situations and even they are heteroge-
neous. Of course it is a routine to gathering data in such models but
our agent tries to classify qualitative data using categories defined
by expert(s) and compute the degree of their influence to create a
homogenous dataset.

3.3.2.  Data preprocessing agent team
An agent team consists of agents coordinate to execute tasks.

Agent teams synchronize the work of the system, execute plans in
concurrent mode and strengthen the internal management by local
decision making [42].

Data  preprocess agent team consists of “data normalization
agent”, “lag selection agent”, “cross correlation feature selection”
and “feature selection decision making”.

3.3.2.1. Data normalization agent. The data normalization agent
utilizes a normalization method to adjust values measured on dif-
ferent financial indexes with various domains and scales. Simply
data normalization defines as adjusting values measured on dif-

ferent scales to a notionally common scale. Our data set consist of
different financial indexes with different domains and scales and
data normalization helps us to access to a dataset which contains
homogenous data.
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In this research we used “min–max” normalization method to
eform data set by following equation:

ormalized data = (x(i) − Min{x})
(Max{x} − Min{x}) (1)

here  x(i) is (i)th element in the column and Min{x}  minimum and
ax{x}  is the maximum of related column’s elements.
.3.2.2. Lag selection agent. Sometimes financial features show
heir effects with lags of time. Imagine a new tax policy applied
y the government. In macroeconomics no economist would say
hat the policy will work after the notification of implication. There
oposed BNNMAS.

would be lags of time for a decision in this kind of environment
to affect the market, etc. Detecting these lags help the model to
accurately follow the fluctuations. We  have several features may
each one has different scale time lag. At this stage we attempt to
determine these lags and apply on the dataset.

Several approaches have been proposed for lag selection. These
approaches consider lag selection as a pre- or post-processing or
as a part of the learning process [43]. For example statistical tests

based on information criteria (IC) [44] such as Akaike informa-
tion criteria (AIC), Bayesian information criteria (BIC) and Schwarz
Bayesian information criteria (SBIC) are among the popular pre-
processing methods to select an appropriate number of lags in time



200 R. Hafezi et al. / Applied Soft Computing 29 (2015) 196–210

ed to e

s
i
i
a

I

w
u
i
a
e
f

Fig. 2. Goals assign

eries forecasting [45]. These methods consider models with a min-
mum number of 1 lag up to a maximum of p (including all the
ntermediate lags). The idea is to choose the lag order p to minimize

 function of the form presented by following equation:

C(p) = N ln �̂2(p) + p[f (N)] (2)

here  �̂2(p) is the estimated regression variance, which depends
pon the sample size and order p of lag structure of the model, and N
s the number of usable observations [46]. p[f(N)] can be interpreted
s the penalty function for increasing the order of the model. Differ-
nt choices of f(N) give different information criteria. The AIC results
rom setting f(N) = 2, and SBIC results from assuming f(N) = ln(N)
ach (of four) layer.

and  finally the HQIC is equal to f(N) = ln(ln(N)). Ideally AIC, SBIC
and HQIC will be as small as possible. Therefore, the model to be
chosen should be the one with the lowest value of the information
criteria test.

As  we  discussed above to achieve better results we  implemented
lag selection on our normalized data by using time series tool pro-
vided by MATLAB software.

Samples  of executed lag selection are shown in Fig. 6. We  used

−10 to +10 time lags for each attribute versus the target. For each
lag the horizontal line shows the level of correlation among related
attribute and target. So the time lag which was  in higher correlation
level is the effective one.
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evant attributes based on correlation statistic. We  did it in parallel
Fig. 3. Syste

.3.2.3. Cross correlation feature selection. Feature selection can be
imply defined as choosing relevant features and denying irrelevant

nes. For models including learning algorithm like as ours feature
election help to improve outcomes and also reducing computa-
ional costs like running time.

Fig. 4. Agents o
es diagram.

In  this paper we implemented a method to select the most rel-
with the lag selection task throw previous step.
Cross correlation is a well-known method of computing the

degree of relationship exists between two series x(i) and y(i) where

f system.
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 = 0, 1, . . .,  N − 1. The cross correlation r at delay d is defined as:

 =
∑

i[(x(i) − mx) × (y(i − d) − my)]√∑
i(x(i) − mx)2 ×

√∑
i(y(i − d) − my)2

(3)

here  mx  and my are the means of the corresponding series.
The  above equation returns a value in −1 to +1 range where

1 shows a powerful inverse relation and +1 shows a powerful
irect relation and 0 presents that there is no relation between two
ompared variables. So we checked the cross correlation in the best
ime lag, selected previously.

.3.2.4.  Feature decider agent. This agent aims at preparing the
ata for modeling phase by delivering the outcomes of other three
gents join in the data preprocess agent team. It chooses the most
elevant and meaningful attributes to improve the prediction accu-
acy.

.3.3. Modeling agent team
This  agent team aimed at creating an artificial neural net-

ork trained by a metaheuristic algorithm called BATS so this
eam consist of two agents: “neural network designing” and “bat
lgorithm designing”. These agents are described in the following
ections.

.3.3.1. Neural network designing agent. A biological neural net-
ork is composed of number of process units called neurons. A
ingle neuron can be connected to many neurons to create a net-
ork aimed at a predefined goal. Artificial neural network is a form

f computing inspired by biological models for studying, learning
nd intelligence.
iew diagram.

Architecture of an artificial neural network consists of parame-
ters some of them listed below:

1. The input layer.
2. The hidden layer(s).
3. The interconnection pattern between different layers.
4. The learning process for updating the weights of the intercon-

nections.
5. The transformation function that converts a weighted input to

output.
6. The number of each layer neurons.
7.  The output layer.

A simple form of an artificial neural network structure is showed
in Fig. 7.

The  neurons of an ANN are stood in layers (fig. 7). To interact
and send information the nodes of one layer are connected to the
nodes of the next layer. The connection between node i and j of
previous and following layers are associated with the weight Wij
and also each neuron has a bias bi associated with it [47]. A neural
network uses an error function and also an algorithm to minimize
the computed error at each stage (epoch).

An ANN has the capability to be trained for adjusting matrix of
weights Wij to structure a more accurate network and minimizing
the performance function.

We  aimed at delivering an accurate stock price prediction as
an output layers outcome, so we input the data provided by the
data preprocessing agent team at the first layer (input layer). We

chose to have one hidden layer to perform the prediction so we
have a three layer neural network. Also we  used six neurons for the
hidden layer because it returned the best results in practical testing
instead of other number of neurons. Results for three, four, five, six
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Fig. 6. Samples of lag selection diagrams.
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Fig. 7. A simple form of artificial neural network (ANN).

nd seven neurons are showed in Fig. 8. Based on these results we
ecided to choose a six neuron hidden layer.

We used radial basis function (RBF) as transfer function for the
idden layer. Park and Sandberg [48] showed that radial a basis
etwork with a hidden layer has the ability to do the universal
pproximation. In RBF each unit in the hidden layer of the network
as its own centroid and the distance between the centroid and x

s computed for each input X = (x1,x2,. . .,xn). The output signal at
ne of the kernel nodes is some nonlinear function of that distance.
hus, each kernel node in the RBF network computes an output that
epends on a radially symmetric function, and usually the strongest
utput is obtained when the input is near the centroid of the node
48].

Training a neural network is a complex task that has a direct
ffect on the output results. Refers to Atsalakis and Valavanis [49],
any successful researches are done that used metaheuristic and

ntelligent algorithms such as genetic algorithms. Yang [50] pro-
osed a new metaheuristic bat-inspired algorithm and showed that

t works significantly better such powerful algorithms like parti-
le swarm optimization (PSO) and genetic algorithm (GA) in their
tandard version.

We  proposed an artificial neural network that uses bat algorithm
s a learning algorithm. Flowchart of proposed bat-neural network
BNN) is showed below.

Principals  of the bat algorithm are described in the following
ection.

.3.3.2. Design of the BAT algorithm. Bat algorithm (BA) is a meta-
euristic method based on the echolocation behavior of bats,
roposed by Yang. Yang [50] showed that BA is potentially more
owerful than PSO and GA as well as harmony search. Bat algo-
ithm tries to combine the advantages of existing algorithms and

lso covers their disadvantages. Fig. 9 shows the flowchart of BA.

Bats are the only mammals with wings. Bats use a type of sonar,
alled, echolocation, to detect prey, avoid obstacles, and locate their
oosting crevices in the dark. A very loud sound emitted by bats and
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Fig. 8. Performance of BNN for different number of neurons.
puting 29 (2015) 196–210

surrounding objects detected by listening to the echo that bounces
back [50]. The procedure of applying BAT algorithm conceptualized
in Fig. 10 based on the echolocation capability of bats.

As  showed in Fig. 9 at the start point we  have to initialize the
position xi and velocity yi in a d-dimension search space. The initial
pulse frequency fi calculated by the following equation:

f = fmin + (fmax − fmin)ˇ (4)

where   ̌ ∈ [0, 1] is a random vector drawn from uniform distribution
and fmin, fmax are predefined values that related to the problem
space (For our problem: fmin = 0 and fmax = 1).

The velocity vi update at each step:

vt
i = vt−1

i
+ (xt

i − x∗)fi (5)

Here  x* is the current global best solution.
The  new solution xt

i
at each time step is given by:

xt
i = xt−1

i
+ vt

i (6)

The  loudness Ai and the pulse rate ri are initialized randomly
in range of predefined minimum and maximum value for each
variable.

For the local search part a new solution is generated locally using
random walk:

xnew = xold + εAt (7)

where  ε ∈ [−1, 1] is a random number and At is the average of
loudness value of all bats at the current time step.

Refers to bats behavior the loudness in the nature Ai usually
decreases ones bat reaches its target while pulse rate ri increases.

At+1
i

=∝ Ai (8)

rt+1
i

= r0
i [1 − exp(−yt)] (9)

where   ̨ ∈ (0, 1) and y > 0 are constants the user defines according
to the problem. Also when t→ ∞ we have:

At
i → 0 andrt

i → r0
i (10)

As we used Eq. (9) rt
i

can be any value r0
i

∈ [0, 1].

3.3.4. Knowledge representation agent team
This agent team delivers outcome of the modeling agent team

and tries to discover the hidden knowledge by interaction with the
expert. This team consists of two agents “scenario planning” and
“reporting” agents.

3.3.4.1.  Scenario planning agent. This agent is aimed at scenario
planning based on the models outcome and experts knowledge.
Then it does environmental search and the results return to the
expert for planning an alternative scenario or redesigning the exist-
ing ones if it is necessary.

3.3.4.2.  Reporting agent. This agent is used to publish reports in
type of textual, graphical or other type of documents required.

For  this study we  focused on data preprocessing agent team and
modeling agent team and the other parts left for further researches.

4. Experimental results

4.1.  Data

The dataset we used in our research gathered from the duetsche

bundes bank (updated data can be find in the duetsche bundes bank
website: www.bundesbank.de). Our dataset consists of quarterly
data  of 17 national indexes and 3 international indexes including oil
price, gold price and exchange rate of German mark by U.S. dollar.

http://www.bundesbank.de/
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Fig. 9. Flowchart of proposed BNN.
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Fig. 10. Flowchart of bat algorithm.
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Table 1
Features used for prediction DAX stock price.

Raw features Unit Selected as
input feature

Balance on financial account DM/Euro
Foreign investment in Germany –

portfolio investment – total –
balance

DM/Euro

German investment abroad – direct
investment – total – balance

DM/Euro

Goods exports (fob) DM/Euro *
Goods – imports (cif) DM/Euro *
Income – total – receipts DM/Euro *
Indicator of the German economy’s

price competitiveness against 24
selected industrial countries, based
on the deflators of total sales

1Q99 = 100

Domestic demand (price adjusted) 2005 = 100 *
Exports (price adjusted) 2005 = 100 *
Government consumption (price

adjusted)
2005 = 100 *

Gross domestic product (price
adjusted)

2005 = 100 *

Imports (price adjusted) 2005 = 100 *
Open *
High *
Low *
Gold price 1

ounce = . . .USD
Oil price (real) Dollars per

Barrel
Mark/USD DM/USD
Production of total industry 2005 = 100 *

A
d
n
t
c
[
a
C
t
d

4

G
u
a

Table 2
Training and testing datasets.

Sets From To Count

For calculating the absolute prediction performance we need to
Consumer price index energy 2005 = 100 *

fter implementing the layer two sixteen of them remained for pre-
icting DAX stock price. As Arnott et al. [51] mentioned in the book
amed “Fundamental Indexation” weighting by fundamental fac-
ors avoids the pitfalls of equal weighting while still removing the
laimed systematic inefficiency of capitalization weighting. Gryc
52] showed that for forecasting long term periods fundamental
nalysis give a better prediction comparing to technical analysis.
onsequently we used fundamental data. Attributes which passed
he layer two filtering are named and described in Table 1 and
etails about training and testing datasets are given in Table 2.

.1.1. The DAX
The DAX is a (German) stock market index consisting of 30 major
erman companies trading on the Frankfurt stock exchange. DAX
ses capitalization-weighted weighting method. More information
bout DAX can be finding at: duetsch-boerse.com.

Fig. 11. The DAX stock price historical
Training 1972-04 2004-07 130
Testing 2004-10 2012-07 32

As mentioned above we used quarterly data of the DAX price
from 1972-04 to 2012-07 that plotted in Fig. 11.

4.2. Implementing of BNNMAS model for stock price prediction

After preprocess applied on raw data, the outcome send to the
modeling layer. As we used features from different units and ranges,
the data normalized at the start point.

We used a six neuron neural network and trained the normal-
ized data with the bat algorithm described in Section 3.3.3.2. Results
of implementing the model show that BNNMAS is able to cope with
the fluctuation of stock market prices and it also achieves good pre-
diction accuracy in comparing with other models. The results of
prediction for training and testing data are shown in Fig. 12. As it
is clear the upper figure points to the training phase (to train the
designed intelligent model to follow the trends) where the blue line
shows real value in historical data and the red line is the trained out-
come of our BA-NN model. Next figure represents the testing phase
where BA-NN predictions showed by the red line and to compar-
ison with the actual data the real value of DAX stock price during
the test period (8 years) plotted by blue line. In a glance view it can
be realized and claimed that the BA-NN works properly.

4.3. Performance analysis of proposed BNNMAS model

To demonstrate the feasibility and effectiveness of the proposed
model, experiment on predicting DAX stock price is implemented.

In the actual of prediction of stock price experimental results
observed through two major points of view: (1) relative prediction
performance and (2) absolute prediction performance [31].

Relative prediction performance refers to the stability of the
prediction while absolute prediction performance focuses on the
algorithm to distinguish whose predicted outcomes are the most
accurate.

Observation dates are from April, 1972 to July, 2012. The last 32
data are used to verify the prediction capability of the prediction
procedure.
represent prediction error to sorting models based on their degree
of accuracy. The model with the closest prediction error ratio to zero
obtains the greatest degree of accuracy. For the purpose of evaluat-

data from 1972-04 to 2012-07.
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Fig. 12. Experime

ng BNNMAS prediction accuracy comprising rise and fall, outputs
f this model compared with other models such as GANN (genetic
lgorithm neural network), GRNN (generalized regression neural
etwork) and exact radial basis network. We used mean absolute
ercentage error (MAPE) statistic to do this job. MAPE defines by
he following equation:

APE = 100 × 1
n

n∑
i=1

|YiPi|
Yi

(11)

here Pi stands for the predicted value and Yi is the actual value
nd n is the number of observations.

The results of MAPE for all cases are shown in Table 3 (The
arameters of each model obtained by testing a wide range of valid
alues throw trial and error process). As Hassan [53] mentioned,
odels with the lowest MAPE statistic gain much more profit. We

hose to compare our proposed BNNMAS model with some latest

ntelligent models (genetic neural network (GA-NN)) and standard

odels (generalized regression neural network and exact radial
asis network). So at first we attempt to adjust the parameters of
he GA-NN. Fig. 13 shows the lowest MAPE statistic for different

able 3
APE statistics for all cases.

MAPE Parameters Model

GA-NN(3) 3.49
GA-NN(4) 4.77
GA-NN(6) 8.1512
Generalized regression

neural network
(GRNN)

10.75

Exact radial basis
network (RBE)

12.3

BNNMAS Architecture of neural
network: (13-6-1)
Population = 15
Number of generation = 20
Fmin = 0
Fmax = 1
Lamda = 1.2
Alpha = 0.5

2.84
sults of BNNMAS.

neurons of GA-NN. Other architectural parameters obtain running
the GA-NN many times to optimize the parameters (experimen-
tally).

Based on the above chart we decide to use the top three GA-
NN models for compare with the proposed model so the GA-NN(3),
GA-NN(4) and GA-NN(6) has been selected.

According to Table 3 BNNMAS outperforms all cases: GA-NN(3)
(2.84 < 6.76), GA-NN(4) (2.84 < 4.77), GA-NN(6) (2.84 < 8.1512),
generalized regression neural network (2.84 < 10.75) and exact
radial basis network (2.84 < 12.3) in terms of overall prediction
results. The results show that the five models indicate clearly dif-
ferent prediction results.

To evaluate the prediction accuracy a paired t test is carried out
between the models mentioned in Table 3. The following hypothe-
ses are proposed:

H0. No meaningful difference exists between BNN and the com-
pared model.
H1. Exist a meaningful difference among BNN and the compared
model.

Results of paired t test are shown in Table 4.

0
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76543
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Fig. 13. Performance of GA-NN for different number of neurons.
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Table 4
Results of paired t test carried out between BNN and the compared model.

Model Average Standard deviation Base model t test p-Value Conclusion

GA-NN(3) 11.05 4.6886 BNNMAS 2.5732 3 × 10−2 �GA-NN(3) > �BNNMAS

GA-NN(4) 10.3567 3.1547 BNNMAS 5.0141 5 × 10−4 �GA-NN(4) > �BNNMAS

GA-NN(6) 12.9848 3.9172 BNNMAS 5.5436 2.7 × 10−4 �GA-NN(6) > �BNNMAS

NNMA −6

NNMA
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[

[

GRNN 10.75 – B
RBE 12.3 – B
BNNMAS 3.2480 0.28 –

As data used for prediction in all models were same and accord-
ng to Table 4 which includes paired t test on MAPE statistic as
representative for prediction accuracy, H1 hypotheses is proved

nd we can therefore deduce that using BNNMAS to predict the
losing price of DAX stock is more in line with actual stock price.
n addition as we used different kinds of indicators, containing
echnical and fundamental indexes, we can claim that our pro-
osed BNNMAS is more effective than other four cases when the
imension of input increases and accordingly the complexity of
he problem space grows.

. Conclusion

In this research we proposed a four layer BNNMAS architec-
ure for dealing with the distributed nature of stock prediction
roblem. We used multi-agent approach to create autonomous and

ndependent subtasks to design an accurate prediction model. Our
NNMAS uses preprocess methods in a parallel way such as data
ormalization, time lag selection and feature selection. We applied
recently developed metaheuristic method named bat to train an
rtificial neural network. To evaluate the prediction accuracy we
ested our model using 1972–2012 quarterly data to predict DAX
tock price. Calculating MAPE statistic showed that our proposed
NNMAS model significantly works better than some other models
uch as GANN, etc. Moreover our test data containing eight years
nd to 2012, and because of the financial crisis happened in this
eriod of time the good accuracy reached by BNNMAS showed the
obust capability of the model. In addition we focused on funda-
ental data to improve long term prediction accuracy refers to

esearches did in the literature. So investors are able to deal with
he uncertainty rise from the complexity exist in dataset inherently.

Future research effort will be devoted to (1) applying proposed
odel on other cases to evaluate the robustness of the model,

2) implementing layer one including gathering quantitative and
ualitative data to create a comprehensive dataset, (3) executing
cenario planning phase to complete the whole proposed model
nd offering stocks based on developed scenarios.
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34] Š. Raudys, I. Zliobaite, The multi-agent system for prediction of financial time
series, in: Artificial Intelligence and Soft Computing – ICAISC 2006, Springer,
Berlin/Heidelberg, 2006, pp. 653–662.

http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0270
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0270
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0270
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0270
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0270
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0270
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0270
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0270
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0270
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0270
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0270
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0270
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0270
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0270
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0270
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0270
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0270
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0270
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0270
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0270
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0270
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0270
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0270
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0270
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0270
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0270
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0270
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0270
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0270
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0275
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0275
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0275
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0275
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0275
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0275
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0275
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0275
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0275
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0275
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0275
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0275
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0275
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0275
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0275
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0275
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0275
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0275
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0275
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0275
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0275
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0275
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0275
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0275
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0275
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0280
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0280
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0280
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0280
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0280
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0280
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0280
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0280
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0280
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0280
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0280
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0280
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0280
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0280
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0280
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0280
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0280
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0280
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0280
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0280
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0280
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0280
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0280
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0280
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0280
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0280
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0280
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0280
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0285
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0285
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0285
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0285
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0285
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0285
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0285
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0285
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0285
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0285
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0285
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0285
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0285
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0285
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0285
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0285
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0285
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0285
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0285
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0285
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0285
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0285
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0285
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0285
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0285
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0285
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0285
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0290
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0290
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0290
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0290
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0290
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0290
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0290
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0290
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0290
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0290
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0290
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0290
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0290
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0290
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0290
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0290
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0290
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0290
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0290
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0290
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0290
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0290
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0290
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0295
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0295
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0295
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0295
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0295
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0295
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0295
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0295
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0295
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0295
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0295
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0295
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0295
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0295
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0295
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0295
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0295
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0295
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0295
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0295
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0295
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0295
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0295
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0295
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0295
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0295
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0295
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0295
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0295
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0295
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0295
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0300
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0300
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0300
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0300
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0300
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0300
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0300
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0300
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0300
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0300
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0300
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0300
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0300
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0300
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0300
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0300
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0300
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0300
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0300
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0300
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0300
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0305
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0305
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0305
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0305
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0305
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0305
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0305
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0305
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0305
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0305
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0305
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0305
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0305
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0305
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0305
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0305
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0305
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0305
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0305
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0305
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0305
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0305
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0305
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0305
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0305
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0305
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0305
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0310
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0310
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0310
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0310
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0310
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0310
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0310
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0310
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0310
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0310
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0310
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0310
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0310
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0310
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0310
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0310
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0310
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0310
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0310
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0310
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0310
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0310
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0315
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0315
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0315
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0315
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0315
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0315
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0315
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0315
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0315
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0315
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0315
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0315
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0315
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0315
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0315
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0315
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0315
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0315
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0315
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0315
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0315
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0320
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0320
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0320
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0320
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0320
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0320
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0320
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0320
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0320
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0320
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0320
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0320
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0320
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0320
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0320
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0320
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0320
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0320
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0320
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0320
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0325
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0325
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0325
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0325
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0325
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0325
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0325
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0325
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0325
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0325
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0325
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0325
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0325
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0325
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0325
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0325
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0325
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0325
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0325
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0325
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0325
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0325
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0325
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0325
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0325
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0325
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0325
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0325
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0325
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0330
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0330
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0330
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0330
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0330
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0330
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0330
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0330
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0330
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0330
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0330
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0330
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0330
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0330
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0330
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0330
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0330
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0330
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0330
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0330
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0330
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0330
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0330
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0335
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0335
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0335
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0335
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0335
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0335
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0335
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0335
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0335
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0335
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0335
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0335
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0335
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0335
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0335
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0335
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0335
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0335
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0335
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0335
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0335
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0335
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0335
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0335
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0335
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0340
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0340
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0340
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0340
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0340
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0340
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0340
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0340
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0340
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0340
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0340
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0340
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0340
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0340
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0340
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0340
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0340
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0340
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0340
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0340
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0340
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0340
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0340
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0340
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0340
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0345
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0345
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0345
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0345
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0345
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0345
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0345
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0345
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0345
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0345
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0345
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0345
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0345
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0345
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0345
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0345
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0345
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0345
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0345
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0345
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0345
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0345
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0345
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0345
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0350
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0350
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0350
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0350
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0350
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0350
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0350
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0350
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0350
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0350
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0350
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0350
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0350
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0350
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0350
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0350
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0350
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0350
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0350
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0350
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0350
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0350
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0350
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0350
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0350
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0350
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0350
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0350
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0350
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0350
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0350
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0350
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0350
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0350
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0350
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0350
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0355
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0355
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0355
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0355
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0355
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0355
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0355
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0355
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0355
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0355
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0355
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0355
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0355
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0355
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0355
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0355
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0355
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0355
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0355
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0355
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0355
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0355
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0355
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0355
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0355
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0355
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0355
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0355
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0355
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0355
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0355
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0355
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0355
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0360
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0360
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0360
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0360
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0360
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0360
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0360
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0360
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0360
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0360
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0360
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0360
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0360
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0360
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0360
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0360
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0360
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0360
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0360
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0360
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0360
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0360
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0360
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0360
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0365
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0365
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0365
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0365
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0365
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0365
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0365
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0365
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0365
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0365
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0365
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0365
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0365
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0365
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0365
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0365
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0365
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0365
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0365
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0365
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0365
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0365
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0365
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0365
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0365
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0365
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0365
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0365
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0365
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0370
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0370
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0370
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0370
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0370
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0370
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0370
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0370
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0370
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0370
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0370
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0370
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0370
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0370
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0370
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0370
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0370
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0370
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0370
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0370
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0370
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0370
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0370
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0370
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0370
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0370
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0370
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0370
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0370
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0370
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0370
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0375
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0375
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0375
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0375
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0375
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0375
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0375
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0375
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0375
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0375
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0375
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0375
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0375
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0375
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0375
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0375
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0375
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0375
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0375
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0375
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0375
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0375
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0375
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0375
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0375
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0375
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0375
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0375
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0375
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0375
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0375
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0375
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0375
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0375
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0375
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0375
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0375
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0380
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0380
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0380
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0380
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0380
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0380
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0380
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0380
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0380
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0380
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0380
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0380
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0380
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0380
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0380
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0380
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0380
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0380
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0380
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0380
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0380
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0380
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0380
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0380
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0380
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0385
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0385
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0385
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0385
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0385
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0385
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0385
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0385
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0385
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0385
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0385
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0385
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0385
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0385
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0385
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0385
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0385
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0385
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0385
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0385
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0385
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0385
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0385
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0385
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0390
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0390
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0390
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0390
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0390
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0390
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0390
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0390
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0390
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0390
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0390
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0390
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0390
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0390
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0390
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0390
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0390
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0390
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0390
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0390
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0390
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0390
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0390
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0390
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0390
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0390
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0390
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0395
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0395
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0395
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0395
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0395
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0395
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0395
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0395
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0395
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0395
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0395
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0395
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0395
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0395
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0395
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0395
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0395
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0395
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0395
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0395
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0395
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0395
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0395
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0400
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0400
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0400
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0400
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0400
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0400
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0400
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0400
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0400
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0400
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0400
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0400
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0400
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0400
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0400
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0400
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0400
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0400
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0400
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0400
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0400
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0400
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0400
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0400
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0400
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0400
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0400
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0400
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0400
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0400
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0400
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0400
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0400
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0405
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0405
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0405
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0405
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0405
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0405
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0405
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0405
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0405
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0405
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0405
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0405
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0405
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0405
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0405
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0405
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0405
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0405
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0405
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0405
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0405
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0405
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0405
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0405
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0405
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0405
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0405
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0405
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0405
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0405
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0405
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0405
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0405
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0405
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0405
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0405
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0410
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0410
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0410
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0410
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0410
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0410
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0410
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0410
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0410
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0410
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0410
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0410
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0410
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0410
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0410
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0410
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0410
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0410
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0410
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0410
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0410
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0410
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0410
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0410
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0410
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0415
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0415
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0415
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0415
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0415
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0415
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0415
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0415
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0415
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0415
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0415
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0415
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0415
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0415
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0415
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0415
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0415
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0415
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0415
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0415
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0415
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0415
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0415
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0415
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0415
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0420
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0420
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0420
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0420
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0420
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0420
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0420
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0420
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0420
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0420
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0420
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0420
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0420
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0420
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0420
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0420
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0420
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0420
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0420
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0420
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0420
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0420
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0420
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0420
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0420
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0420
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0420
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0425
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0425
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0425
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0425
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0425
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0425
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0425
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0425
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0425
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0425
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0425
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0425
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0425
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0425
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0425
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0425
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0425
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0425
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0425
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0425
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0425
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0425
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0425
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0425
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0425
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0425
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0425
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0425
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0430
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0430
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0430
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0430
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0430
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0430
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0430
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0430
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0430
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0430
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0430
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0430
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0430
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0430
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0430
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0430
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0430
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0430
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0430
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0430
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0430
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0430
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0430
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0430
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0430
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0430
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0430
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0430
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0435
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0435
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0435
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0435
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0435
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0435
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0435
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0435
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0435
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0435
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0435
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0435
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0435
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0435
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0435
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0435
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0435
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0435
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0435
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0435
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0435
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0435
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0435
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0435
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0435
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0435
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0435
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0435
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0435
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0435


2 t Com

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

10 R. Hafezi et al. / Applied Sof

35] J.R. Wei, J.P. Huang, P.M. Hui, An agent-based model of stock markets incor-
porating momentum investors, Physica A: Stat. Mech. Appl. 392 (2013)
2728–2735.

36]  B. Cui, H. Wang, K. Ye, J. Yan, Intelligent agent-assisted adaptive order sim-
ulation system in the artificial stock market, Expert Syst. Appl. 39 (2012)
8890–8898.

37]  Y. Li, W.  Zhang, Y. Zhang, X. Zhang, X. Xiong, Calibration of the agent-based
continuous double auction stock market by scaling analysis, Inf. Sci. 256 (2012)
46–56.

38]  B.D. Kluger, M.E. McBride, Intraday trading patterns in an intelligent
autonomous  agent-based stock market, J. Econ. Behav. Organ. 79 (2011)
226–245.

39] L. Ponta, S. Pastore, S. Cincotti, Information-based multi-assets artificial stock
market with heterogeneous agents, Nonlinear Anal.: Real World Appl. 12
(2011) 1235–1242.

40] C.X. Yang, R. Wang, S. Hu, Modeling and analysis of an agent-based model for
Chinese stock market, Phys. Lett. A 377 (2013) 2041–2046.

41] L. Padgham, M.  Winikoff, Developing Intelligent Agent Systems: A Practical
Guide, John Wiley & Sons Ltd., England, 2004.

42]  M.V. Sokolova, A. Fernández-Caballero, Evaluation of environmental impact

upon human health with DeciMaS framework, Expert Syst. Appl. 39 (2012)
3469–3483.

43]  E. Parras-Gutierrez, V.M. Rivas, M.  Garcia-Arenas, M.J.d. Jesus, Short, medium
and long term forecasting of time series using the L-Co-R algorithm, Neuro-
computing 128 (2014) 433–446.

[

[

puting 29 (2015) 196–210

44] P. Winker, Optimized multivariate lag structure selection, Comput. Econ. 16
(2000) 87–103.

45] J. Shahrabi, E. Hadavandi, S. Asadi, Developing a hybrid intelligent model for
forecasting problems: case study of tourism demand time series, Knowl.-Based
Syst. 43 (2013) 112–122.

46] K.P. Burnham, D.R. Anderson, Multimodel inference: understand-
ing AIC and BIC in model selection, Sociol. Methods Res. 33 (2004)
261–304.

47] J.P. Teixeira, P.O. Fernandesa, Tourism time series forecast – different
ANN architectures with time index input, Procedia Technol. 5 (2012)
445–454.

48]  J. Park, I.W. Sandberg, Universal approximation using radial-basis-function
networks,  Neural Comput. 3 (1991) 246–257.

49]  G. Atsalakis, K. Valavanis, Surveying stock market forecasting tech-
niques – Part II: Soft computing methods, Expert Syst. Appl. 36 (2009)
5932–5941.

50] X.S. Yang, A new metaheuristic bat-inspired algorithm, in: Nature
Inspired Cooperative Strategies for Optimization (NICSO 2010), Springer,
Berlin/Heidelberg, 2010, pp. 65–74.

51] R.D. Arnott, J. Hsu, P. Moore, Fundamental indexation, Financ. Anal. J. 61 (2005)

83–99.

52] W.  Gryc, Neural Network predictions of Stock Price Fluctuations, Technical
Report, 2010 http://i2r.org/nnstocks.pdf

53] R. Hassan, A combination of hidden Markov model and fuzzy model for stock
market forecasting, Neurocomputing 72 (2009) 3439–3446.

http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0440
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0440
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0440
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0440
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0440
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0440
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0440
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0440
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0440
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0440
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0440
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0440
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0440
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0440
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0440
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0440
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0440
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0440
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0440
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0440
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0440
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0440
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0440
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0440
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0440
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0440
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0445
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0445
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0445
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0445
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0445
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0445
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0445
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0445
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0445
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0445
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0445
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0445
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0445
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0445
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0445
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0445
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0445
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0445
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0445
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0445
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0445
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0445
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0445
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0445
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0445
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0445
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0445
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0445
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0450
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0450
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0450
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0450
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0450
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0450
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0450
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0450
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0450
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0450
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0450
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0450
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0450
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0450
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0450
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0450
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0450
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0450
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0450
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0450
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0450
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0450
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0450
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0450
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0450
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0450
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0450
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0450
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0450
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0455
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0455
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0455
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0455
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0455
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0455
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0455
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0455
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0455
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0455
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0455
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0455
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0455
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0455
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0455
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0455
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0455
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0455
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0455
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0455
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0455
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0455
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0455
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0460
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0460
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0460
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0460
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0460
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0460
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0460
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0460
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0460
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0460
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0460
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0460
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0460
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0460
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0460
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0460
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0460
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0460
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0460
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0460
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0460
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0460
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0460
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0460
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0465
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0465
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0465
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0465
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0465
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0465
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0465
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0465
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0465
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0465
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0465
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0465
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0465
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0465
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0465
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0465
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0465
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0465
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0465
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0465
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0465
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0465
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0465
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0465
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0465
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0470
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0470
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0470
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0470
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0470
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0470
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0470
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0470
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0470
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0470
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0470
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0470
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0470
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0470
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0470
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0470
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0470
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0470
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0475
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0475
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0475
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0475
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0475
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0475
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0475
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0475
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0475
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0475
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0475
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0475
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0475
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0475
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0475
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0475
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0475
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0475
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0475
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0475
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0475
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0475
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0480
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0480
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0480
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0480
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0480
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0480
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0480
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0480
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0480
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0480
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0480
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0480
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0480
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0480
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0480
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0480
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0480
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0480
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0480
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0480
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0480
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0480
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0480
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0480
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0480
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0480
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0480
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0480
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0485
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0485
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0485
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0485
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0485
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0485
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0485
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0485
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0485
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0485
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0485
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0485
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0485
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0485
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0490
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0490
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0490
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0490
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0490
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0490
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0490
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0490
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0490
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0490
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0490
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0490
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0490
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0490
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0490
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0490
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0490
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0490
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0490
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0490
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0490
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0490
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0490
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0490
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0490
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0490
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0490
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0490
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0495
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0495
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0495
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0495
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0495
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0495
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0495
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0495
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0495
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0495
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0495
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0495
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0495
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0495
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0495
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0495
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0495
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0495
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0495
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0495
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0495
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0495
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0500
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0500
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0500
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0500
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0500
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0500
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0500
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0500
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0500
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0500
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0500
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0500
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0500
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0500
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0500
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0500
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0500
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0500
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0500
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0500
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0500
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0500
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0500
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0505
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0505
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0505
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0505
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0505
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0505
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0505
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0505
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0505
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0505
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0505
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0505
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0505
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0505
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0505
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0505
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0510
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0510
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0510
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0510
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0510
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0510
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0510
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0510
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0510
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0510
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0510
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0510
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0510
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0510
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0510
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0510
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0510
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0510
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0510
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0510
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0510
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0510
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0510
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0510
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0515
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0515
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0515
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0515
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0515
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0515
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0515
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0515
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0515
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0515
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0515
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0515
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0515
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0515
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0515
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0515
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0515
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0515
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0515
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0515
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0515
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0515
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0515
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0520
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0520
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0520
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0520
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0520
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0520
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0520
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0520
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0520
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0520
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0520
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0520
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0520
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0520
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0520
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0520
http://i2r.org/nnstocks.pdf
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0530
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0530
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0530
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0530
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0530
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0530
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0530
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0530
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0530
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0530
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0530
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0530
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0530
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0530
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0530
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0530
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0530
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0530
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0530
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0530
http://refhub.elsevier.com/S1568-4946(14)00672-3/sbref0530

	A bat-neural network multi-agent system (BNNMAS) for stock price prediction: Case study of DAX stock price
	1 Introduction
	2 Related Works
	3 Architecture of the proposed model
	3.1 Goals of the system
	3.2 Roles of the system
	3.3 Description of the agents
	3.3.1 Data gathering and feature detection
	3.3.2 Data preprocessing agent team
	3.3.2.1 Data normalization agent
	3.3.2.2 Lag selection agent
	3.3.2.3 Cross correlation feature selection
	3.3.2.4 Feature decider agent

	3.3.3 Modeling agent team
	3.3.3.1 Neural network designing agent
	3.3.3.2 Design of the BAT algorithm

	3.3.4 Knowledge representation agent team
	3.3.4.1 Scenario planning agent
	3.3.4.2 Reporting agent



	4 Experimental results
	4.1 Data
	4.1.1 The DAX

	4.2 Implementing of BNNMAS model for stock price prediction
	4.3 Performance analysis of proposed BNNMAS model

	5 Conclusion
	References


