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From an Artificial Neural Network to a Stock Market Day-Trading
System: A Case Study on the BM&F BOVESPA

Leonardo C. Martinez, Diego N. da Hora, Joao R. de M. Paldttigner Meira Jr. and Gisele L. Pappa

Abstract— Predicting trends in the stock market is a subject of time [10] (iii) they are powerful tools to find patterns in
of majqr .interest for b.oth scholars and financial analysts. 'he data [11], including non-linear relationships [3][12]]13
main dlfflcultles_ of this probl_em are related to the dynamic, Although ANNs became popular methods for stock market
complex, evolutive and chaotic nature of the markets. In orér dicti 11 thei d luati . | Id
to tackle these problems, this work proposes a day-trading pre. Ictons [ ], their use ar_] .eva ua |o.n In real-wor .jsce
system that “translates” the outputs of an artificial neural  Narios, making correct predictions and investment prafts,
network into business decisions, pointing out to the invests  still understudied. This is because the majority of the ANNs
the best times to trade and make profits. The ANN forecasts systems proposed so far are evaluated using classical model

the lowest and highest stock prices of the current trading  hregiction metrics, such as the mean absolute error (MAE)
day. The system was tested with the two main stocks of the

BM&FBOVESPA, an important and understudied market. A O the mean squared error (MSE). These metrics give us an
series of experiments were performed using different data idea of the model generalization, but no insights about the

input configurations, and compared with four benchmarks. The  behavior of the system in the real market.
results were evaluated using both classical evaluation nréts, One way to assess the real quality of ANN predictions
such as the ANN generalization error, and more general metds, into a real-world scenario is to integrate the ANN with a

such as the annualized return. The ANN showed to be more tradi t 141 A tradi i . tool that
accurate and give more return to the investor than the four 1@dINg SyStem [14]. rading systém is a tool thatl can

benchmarks. The best results obtained by the ANN had an convert predictions (which can be the ANNs outputs) into
mean absolute percentage error arounds0% smaller than the  business decisions, based on a set of operation rules and the
best benchmark, and doubled the capital of the investor. stock market constraints (e.g. brokerage commission ,rates
slippage, etc).

Given the needs of better evaluation approaches, this paper

Predicting trends in the stock market is a subject of majgroposes a stock market day-trading system that uses the
interest for both scholars and financial analysts. The stibjeoutputs of a ANN to guide the user into buying and selling
was vastly studied in the last years [1]-[3], but predictingtocks. A day-trade is characterized by two operationsgdal
future stock prices accurately and developing busineatestr entry and exit) made within the same day, i.e. a buy (entry)
gies capable of “translating”these predictions in profits a followed by a sell (exit) or a sell (entry) followed by a
still big challenges. buy (exit). Day-trades are specially interesting in pesiod

The difficulty of this problem is mainly related to the of economic crisis, where the high daily volatility gives
dynamic, complex, evolutive and chaotic nature of thénvestors a great opportunity to raise profits at a highds ris
markets [4][5]. These latter characteristics of the market In order to best fit the proposed day-trading system, the
clearly showed the limitations of classical statisticaltihegls ANN outputs, which are used as inputs to the proposed
for stock price time-series predictions, and asked for moi®ystem, are the minimum and maximum stock prices in the
powerful methods to accomplish the task. In particular,nvhetrading day. To the best of our knowledge, this approach
dealing with market trends, we want methods able to dealas not previously used in the literature, where most of the
with large amounts of noisy and non-linear data, with a higproposed systems perform entry/exit operations in differe
degree of uncertainty and a random nature [6]-[8]. days.

Given the drawbacks imposed by statistical methods, soft The day-trading system was tested in the BM&F
computing techniques [9], such as artificial neural networkBOVESPA Stock Exchange. The main motivation to use
(ANNSs) and genetic algorithms, were introduced as an athis scenario is the lack of studies in this market. From
ternative. The main advantage of these techniques over ttie 100 surveyed paper in [1], only one referred to the Sao
statistical ones is their ability to explore the tolerande oPaulo Stock Exchange (BOVESPA) [15]. This is a very low
systems to data uncertainty, imprecision and partial trutmumber, taking into account that in 2008, after merging with
In particular, ANNs became an attractive tool for predigtin the Brazilian Mercantile and Futures Exchange (BM&F),
stock market trends because (i) they can easily deal withe new BM&F BOVESPA became the world’s third largest
irregularities [8], (ii) they work with uncertain, incongte stock exchange (according to its market value) [16].
and/or insufficient data, which change fast over short pisrio The results obtained by the proposed trading system in

the period varying from May 2nd to December 2nd 2008

L. C. Martinez, D. N. da Hora, J. R. M. Palotti W. Meira Jr. andgave the investor a very high profitability, allowing him¢he
G. L. Pappa are with the Computer Science Department, Hetkria . N : . .
versity of Minas Gerais - Brazil (email{leocm, dnhora, palotti, meira, to double his/her initial cap|tal. Note that the peI‘IOd seod
glpappg @dcc.ufmg.br). also included the world crisis months. Moreover, experitaen
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with different subsets of input data showed that infornmatioFor each dataset, the input (output) values are divided-(mul

about the minimum and maximum prices in the 5 previousplied) by the maximum input value times 2. This approach

days to the prediction is valuable, but data such as theas followed to guarantee that values greater than the ones

opening and closing prices in the same 5 previous days pwesented in the dataset could be represented by the network

the prediction do not improve the performance of the systerithe number 2 was chosen because a daily growth in stock
The remainder of this paper is organized as followsprices superior to 100% is very unlikely.

Section |l briefly discusses some related work. Section Ill When training the network, the learning rate was set

presents the proposed artificial neural network, while Se¢e 0.01, and the back-propagation algorithm also used a

tion IV discusses how it was integrated to the day-tradinghomentum of 0.8. The network was trained for 100.000

system. Section V presents the results obtained by both tbpochs. These three parameters were obtained in a set of

ANN and the day-trading system for the two most tradeg@reliminary experiments.

BM&F BOVESPA stocks, namely Petrobras PN (PETR4)

and Vale R Doce PNA (VALES). Finally, Section VI presentsA. Input data

some conclusions and directions for future work. Most of the works that use ANN for stock prediction use as

Il. RELATED WORK input data to the network the stock opening, closing, lowest
d highest daily prices [17]-[19][40]-[44]. The inputsnca

so include many other indicators obtained from the two
ost influential schools of stock market analysis: the funda

There is a vast number of papers in the literature th
study the problem of predicting stock market trends, and
a great number of them use an ANN as their predictin . .
model. Among the surveys about the subject, [1] analyz entalist [15][45]'[4_7] and f[he technical [48]'_[51] scliso
100 relevant works that used soft computing techniques to 11€ fundamentalists believe the stock prices reflect the
address this problem. It classifies these techniques @agordMacro-economical, political and administrative scersob
to (i) the market from which the training and test datdn® company. Hence, data about these scenarios are gathered
were obtained, (ii) the input variables, (jii) the methaztp} and used to estimate future prices. The technical analysis,

and parameters (preprocessing, size of the dataset, typeirbf:ontrast, assumes that all the necessary informationtabo

network implemented, training method), (iv) the modelsdusethe future of stock prices can be found in the past prices.

as benchmarks and (v) the performance metrics used '{gus, historical data about the prices have to be analyzed in
evaluate the proposed method. order to estimate future prices.

Taking into account item (iii), [17]-[26] are all works When foIIowmg_ the technical ar_1aIyS|s, thereT are two
where feed-forward multi-layer networks were used in ordétPProaches to estimate the stock price. The first involves th
to predict variables related to stock market trends. Raggrd analysis of graphics that show the price fluctuations, where
the training algorithm, [8][27] successfully trained thei tN€ analyst focuses on graphic patterns formations. This
networks with the back-propagation. More specificallyJj28 ©chnique is highly subjective, and difficult to be adapted
[38] used models with characteristics very similar to theon @nd used together with ANNs. The second approach uses
employed here. The main difference between our method afgfhnical indicators (mathematical formulas) to assisthen
the others is the output of the network. While in most systenfé€cision making process. _ _
the ANN output is an action that should be taken by the user, According to [14], prediction systems which are designed
such as buy, sell or no action, here the outputs of the netwol& OPerate at long-term periods should use fundamentatist i
are the minimum and maximum predicted stock prices in trféicators. However, those that operate at short-term perasd

current day. The reader is referred to [1]-[3] for good sysve the one proposed here, should focus on technical indicators
on the subject. Following these recommendations, we used two classical

technical indicators as input to the ANN: the exponential
[1l. A NEURAL NETWORK FOR PREDICTING DAILY STOCK moving average (EMA) and the bollinger bands (BB) [52].
PRICES The 33 variables used as inputs to the ANN are described
Most of the studies that proposed ANNs to make stockn Table |. Apart from using all of them as inputs to the
market predictions used a multi-layer feed-forward neuraletwork, other 2 data input configurations were tested. The
network trained by the back-propagation algorithm withegre first configuration considers 15 variables, namely the ones
success. Based on that, the ANN proposed in this work alstescribed in lines 1,3,7,8 of Table I. These variables were
uses this architecture. chosen to test the ability of the ANN to learn using only in-
The network has the three classical layers, with up to 3®rmation about the lowest and highest values of the previou
input and two output neurons (described in Sections Ill-Alays, without any knowledge about the opening (except for
and [II-B). The number of neurons in the hidden layer ighe price of the current day) and closing (except for the BB)
equals to the square root of the product between the numhsmres. The second configuration includes information about
of neurons in the input and output layers (i.e. the geometribe latter, using 25 attributes — described in lines 1,283,7
mean over these two values) [39]. of Tables I, as inputs to the network.
Each neuron implements a logistic function, which re- The choice of the 33 variables used in this study was based
quires some pre- and post-processing steps of the raw daia. experts knowledge and supported by a vast literature in
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the area [1]. However, we recognize this approach is adraining, we kept the training data as close (in terms of fime

hoc, and the literature is certainly missing more systematio the test data as possible. In other words, we train the

ways to address this specific feature selection problem. A®twork with the initial training set, and then predict thrstfi

a future research direction, we plan to study the effect of B0 days in the test set. We then insert these 10 previously

number of indicators in the network learning, as well as thiested days (and remove the first 10 days of the training set,

relevant amount of historical data that should be consitleréo keep the size of the training set constant and equals to

in the inputs of the network (i.e. information regarding thel28 days), and retrain the ANNSs.

previous 1, 2, 5 or 10 days, for instance). While the standard training obtained a standard average
error of 2.29 + 0.27% and 1.60 &+ 0.17% for the minimum

TABLE | and maximum prediction values, respectively, for the updat
INPUT VARIABLES GIVEN TO THE NEURAL NETWORK training these numbers weted6+0.21% and1.51+0.15%.

Id | % of Inputs Description Note that these results are calcula?ec_i over 30 different
1 10 Lowest and highest prices of the 5 previous ddys runs. Although these results are statistically the same, we
2 10 Opening and closing prices of the 5 previous dgys  chose to use updated training in the experiments reported in
3 2 EMA of the lowest and highest prices of the |5 Section V

previous days '
4 2 EMA of the opening and closing prices of the |5

previous days IV. THE PROPOSEDDAY-TRADING SYSTEM

5 4 BB of thz lowest and highest prices of the |5 As stated before, simply measuring the performance of
provioLs Caye an ANN by looking at its accuracy on forecasting does not

6 2 BB of the opening prices of the 5 previous days . ) . ) ~
7 2 BB of the closing prices of the 5 previous days  Pring useful information about how it would perform in the
8 1 Opening price of the current day real stock market, helping the investor to make decisions. A

better way to assess the performance of the ANN is to use
its outputs as inputs to a trading system.
B. Output data The day-trading system introduced in this section is re-

As mentioned before, this work presents a day-tradingpo_nsible fpr ‘ranslating’the ANN predictions into busgs
system. Hence, the output values of the network correspo SX'S'Onj.’ "et' W[gin totbu&/_ or selltstogks. d of th

to the minimum and maximum predicted prices of the stocks \ccor 'n_g N ], a trading system is composed of three
for the current day. The idea is to use these variabldg82!" parts: (i) a set O.f rules to f:_nter and exit trades, (ii)
together with a trading system to find the optimal time of' risk contro_l me(_:hanlsm, and_ (ii) a money manageme_nt
the day to buy/sell stocks using ideally one trade (i.e. tgcheme. Besides, it has to take into account all the contgra|_
buy(sell) stocks when they reach the minimum(maximuM tposetii. by the :ﬁal mialrket, ;u.Ch as br?k(targ\ge (cjommlzs:o:l
predicted price and then sell(buy) them when they reach t gles, slippage, the volume being negotiated and round 10

: e . . trades.
maximum(minimum) predicted price). The proposed trading system works by following the stock

C. Dataset market in real time, but takes into account price changes oc-
The dataset used throughout this work corresponds tocgrred in fixed intervals of 15 minutes (one minute interval;
historical series of data about the opening, closing, mimm could have been used, but we chose a more conservative
and maximum prices of the two stocks that have the highe@PPr0ach). Hence, every 15 minutes the system consults its
financial volume registered in BOVESPA: the Petrobras PR{ade rules, and can advice the investor to perform an enter

(PETR4) and the Vale R Doce PNA (VALE5). The seried" €Xit trade.
represents a period of 1283 d&ysarying from 1st October A Entry and Exit rules for trades
2003 to 2nd December 2008. They were obtained from the

_ . Defining the exact conditions in which an investor will
software Agéncia Estado Broadcast Investidor Pessodl [5% 9

hoose to buy or sell a stock is the most important part of
D. Network training any trading system. In our system, these rules will tell how

As training the network is an expensive process, in thesEhe minimum and maximum daily prices provided by the
9 P P ’ N will be used to make decisions about the right time to

preliminary experiments a sample of 128 consecutive days oL e

the PETR4 stock with 33 variables, varying from 18th May Hence, every 15 minutes the trading system checks the

2007 to 23th November 2007, was chosen for training. This . . : o
: . . S Closing price (for the interval) and compares it with the
number is quite arbitrary and not optimized. However, as . . . . . . .
) ) . . o .“minimum and maximum predicted prices. If the closing price
showed in the experiments in Section V, it is representative . ) .
. X . 15 smaller than the minimum predicted, the system advices

In a first experiment, a standard training procedure w

performed using test data from 26th November 2007 to 2% e investor to buy the stocks. If the closing price is greate

December 2008. In a second experiment. named updatid” the maximum predicted, the investor is advised to sell
' P ' P tt‘la‘le stocks. It is important to notice that more than one buy or

1From the original 1283 days, the first 5 were omitted, as theseweed Sel! operation|is a_llowed in the same day, and that the order i
to build the EMA inputs to the network which they occur is irrelevant (as long as they are altedjate
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A day can also be closed without any trade. This occurs whestrategies were tested, but they did not give as good results
the stock price remains higher than the minimum and lowexrs the ones following this approach.
than the maximum predicted values during the whole day.

In contrast, if the first operation is performed (regardles@'
of being a buy or a sell), the second operation is compulsory There are many real-world constraints that need to be
within the same day. Hence, if at the end of the dajncorporated to a trading system when simulating the real-
only the first operation (entry) was executed but the secon#orld scenario. The first of them refers to the brokerage
operation (exit) was not, it is executed in the last minutéommission rates. Here we assumed a fixed cost of R$15.00
of the day, according to the day closing price. Finally, théU$6.00) per operation (buy or sell), which is the value used
concept of stop-loss, which is detailed in Section IV-B lsda by most brokerage houses in Brazil. This cost is reduced from
incorporated into the rules, and work as a risk controllinghe netvalue of each trade. Most of the works proposed in the
mechanism. literature take the commissions into account by multigdyin

In summary, letninayy andmaz 4ny be the minimum the number of trades performed in the test period by the
and maximum values predicted by the ANN, ardse be cost of each operation and reduce it from the final capital.

the 15-minute interval closing stock price. The 6 rules ef thNonetheless, this approach gives a false profitability, as
proposed trading system are: investments with money that does not exist are performed.

1) Buy when close < minany, sell whenclose > Another constraint to be considered is the slippage, he., t
AT ANN - ~  difference between the price indicated by the system and the

2) Buy whenclose < minanny, sell in the last minute actual trade price. It is not always that we can perform aetrad
of the day; - according to the trading system prices. This occurs because

3) Buy whenclose < minayy, sell with the stop-loss buy and sell orders made previously by other investors with
price; - the same trade price have a priority. While these other rade

4) Sell whenclose > mazany, buy whenclose < &€ executed, the price can osci_llate._ _
TN ANN The two stocks we are working with have high market

5) Sell whenclose > maz.ann, buy in the last minute liquidity. Hence, low values of slippage are permitted. For
of the day; all trades, we assume they will be performed by a price

6) Sell whenclose > mazan, buy with the stop-loss 0.1% worse than the one indicated by the trading system.

price. In average, this represents a loss of R$0.04 per trade for
both stocks in the period of test.

B. Risk Control The volume being negotiated is another important point

Establishing ways to control the risk involved in the trade$o be considered by the trading system. In our simulations,
is an important feature of a trading system. When we talthe value negotiated was always lower than R$300,000.00
about risk, we refer to the amount of money that can be lost {y$120,000.00), and the daily volumes negotiated by PETR4
an operation. Usually, a trading system will lead the inwest and VALE5 were, respectively, R$873 (U$349) and R$614
to perform a higher number of trades that will bring him/hefU$246) millions. Hence, we did not have to worry about
loss than trades that will bring him/her gain. The challengavailability.
is to make small losses in unsuccessful trades and high gaindAt last, note that all the operations were executed using
in profitable ones. A common strategy used to achieve thigultiple round lot (100), which can have differentiatedceri
is the TOPS COLA, aka “Take Our Profits Slowly, Cut Offwhen compared to the odd lot market.

Losses At once”, described in [54].

One way to control the risk involved in trades is to
pre-establish exit rules. In this work, the stop-loss sggt ~ BY using a trading system, we can define new metrics to
is used for this purpose. The stop-loss strategy defines€yaluate the ANN performance, based on the results of the
default price that, if reached, will cause the exit. Thiscpri business actions taken by following the network “advices”.
is calculated using the trade entry price. We performekf€re we present three evaluation metrics, which will berlate
experiments varying the percentage of stop-loss foarfi to ~ Used to assess the proposed day-trading system.

2.0%. A low stop-loss can avoid profitable operations, while The first of these metrics is the annualized return, defined
a high one can cause a higher loss. The system perforn@AR = (FC/IC)13%-25/P) — 1, whereIC represents the
better with stop-loss rules than without them, and the valugitial capital invested,F'C' the final capital obtained and

Real world constraints

E. Evaluation Metrics

of 0.5% gave us the best results. D is the number of days of investment (i.e., it adjusts the
return to an annual basis). The second metric is the maximum
C. Money management drawdown. A drawdown represents the total percentage loss

The money management refers to the amount of availabdé capital experienced by the system before it starts wignin
resources that will be used in each trade, consideringsks ri again. The maximum drawdown is the highest drawdown
involved and the total capital available. As we are using theccurred during the period considered, and represents a way
stop-loss approach, we created a simple methodology wheaceevaluate the risk associated with accepting the dedsion
all the available capital is used in all the trades. Différenof the trading system. At last, the average number of daily
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operations is used to evaluate the frequency of the entty/ex Table Ill presents the error obtained by the proposed ANN
operations. A list of other evaluation metrics can be foundith the three different sets of input values for the PETR4
in [14]. and VALES stocks. Comparing the results in Table Il with
the ones in Table Il, we observe that the errors obtained by
V. EXPERIMENTS AND RESULTS the proposed ANN are lower than the ones obtained by the
This section presents experimental results performed four benchmarks. We can also note that, the network with
test the ability of the proposed ANN to forecast stock price$5 inputs presents lower error rates than the others for both
in a real world scenario, and is divided in two parts. The firsttocks. As occurred for the benchmarks, the maximum values
part evaluates the ANN generalization performance usiag tipredicted presented lower error rates than the minimum
conventional metrics, i.e., the error rate. The second paralues predicted.
analyzes the performance of the trading system as a whole,
using the evaluation metrics proposed in Section IV-E.
In both cases, the results obtained are compared with
four other simple benchmarks proposed in [28]. The first

TABLE Il
PERFORMANCE OF THEANN ACCORDING TO THE MEAN ABSOLUTE
PERCENTAGE ERRORAND STANDARD DEVIATION)

three benchmarks estimate the minimum and maximum stock o inputs [ MAPE (Minimum) | MAPE (Maximum)
values for the present day as the simple moving average PETR4
(SMA) of the lowest/highest values of the previous 5 (SMA- 15 1.86 £+ 1.84% 1.84 £1.39%
. 25 1.94 +1.98% 1.33 +1.30%
5), 10 (SMA-10) and 20 (SMA-20) days, respectively. The 33 1.91 + 2.06% 1.33 + 1.40%
fourth benchmark is the one-day lag, i.e., the minimum and VALES
maximum stock values estimated for the present day are %g }-ggi}-gégﬁ }g?i}g%gﬁ
. . (o] . . 0
equal the values of yesterday. 33 1.86 + 1.98% 148 + 1.31%

A. ANN Evaluation

The experiments reported in this section use the ANN |4 day-trading system evaluation

configuration defined in Section Ill. Note that all the result ) _ .

are based on 33 different runs of the ANN. The ANN A day-trading system helps the investor to monitor the
training set covered all working days from 8th October 200§t_00k, value f-luctua'uons ‘?‘“”“9 a day, and its main function-
to 30th April 2008. Tables Il and Il present the mearflity is to point out the right moment to buy or sell sto_cks.
absolute percentage error between the predicted and rifyOrder to test the system, we used data frc_>m_ the p(_arlod of
values of stock prices for the period varying from 2nd Ma ay 2nd to December 2nd 2008. The analysis is restricted to
to 2nd December 2008 (150 work days), for both PETRH“S period because it is not possible to obtain data foryever
and VALES. It is important to observe that we are predicting> Minutes using the available tool [53] for longer periods.
stock prices in a period of serious financial crisis. Thus, th°4'"Y these 150 work days, PETR4 and VALES devaluated

predictions are likely to present high variance. 58.6% and_ 58.3%, respective_ly. ) i
The main goal of the trading system is to make profit.

TABLE I However, the performance of the system should not be
PERFORMANCE OF THE FOUR BENCHMARKS ACCORDING TO THE MEAN  assessed using only this property. Hence, all our expetsnen
ABSOLUTE PERCENTAGE ERRORAND STANDARD DEVIATION) were evaluated using the three metrics defined in Section V-
E: annualized return (AR), maximum drawdown and number
Benchmark | MAPE (Minimum) [ MAPE (Maximum) of operations
PETRA Recall that all experiment ted in this sect
Tday 1ag 359 E3.30% 579 £ 5.61% _Recall that all experiments presented in this section con-
5-SMA 5.14 + 4.66% 4.45 +4.10% sider a brokerage commission rate of R$15.00 (U$6.00) per
%8'2Mﬁ gég i ggigo gig i 57)34113 trade, slippage of 0.1%, stop-loss of 0.5% and initial @pit
- . VALE% . e of R$50,000.00 (U$20,000.00), unless stated otherwisgsTe
I-day lag 334 £ 3.39% 281 £2.72% with the three input configurations introduced in Sectidn |l
fgssl\l/\l/lAA g-ggig-gggﬁ g-giiig;g A were performed, and the network was trained with the
- . . 0 . . () H%Y
20-SMA 8.59 + 7.82% 7.70 % 6.62% proposed updated training.

Table IV shows the results of the trading system for the
PETR4 and VALES stocks, using the predictions of the

Looking at Table I, we observe that the greater the numbé&NNs. As observed, the best results were obtained by the
of past days used to calculated the SMA, the worse is theetwork with 15 inputs (for both stocks). This input config-
error obtained by the benchmark. This can be explained lyation also obtained the best return with lowest drawdown.
the fact that, intuitively, the minimum and maximum valuesThe average number of daily operations was close to two for
of a stock today are closer to yesterday’s values than to tlige three networks.
values of 5 or 10 days ago. Also note that the error for the We compared the performance of the trading system when
maximum price was smaller than the error for the minimunusing the ANN predictions with the performance of the sys-
price for all benchmarks. tem when using the four benchmarks previously introduced.
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TABLE IV
PERFORMANCE OF TRADING SYSTEM USINGANN S

ming, = min, + a X D, Q)
# of Inputs [ AR (%) [ Drawdown (%) [ Trades per day (avg)

PETR4 max, = max, — [ X Dg (2)
15 92.47 22.60 1.91
25 23.18 31.61 1.93 where min,, and maz, are the new values used by the
33 6551 V/fflfg 1.94 trading system, andv and 5 are constants in the interval
15 13052 13.70 1.97 (0 and0.5).
25 118.97 14.25 1.94 We performed a series of tests varying these constants,
33 46.27 19.76 197 and concluded that their best values for both PETR4 and

VALE5 were o« = 0.1 and 3 = 0.4. Table VI shows the
results obtained using these constants with the threeelifte

The results obtained are presented in Table V. BenchmarRS!N input configurations. The figures show that, by using
“20-SMA’for PETR4 and “5-SMA"for VALES5, respectively, the procedure descnl_aed above, the overall performance in
obtained a good return value with a very high drawdown. ThEMS of AR and maximum drawdown of the trading system
drawdown shows that, at certain periods of test, the investB@S improved significantly for PETR4. The ARs given by
loses more than 40% of the capital invested (observe thé€ 15-input ANNs were greater than 400% and 250% for
the drawbacks of the ANNs are much lower). Note that thEETR4 and VALES, respectively. As expected, the number of
number of trades here is high if compared to the numb&perations increased significantly. Considering bothkstoc

of trades performed by the ANN. This is explained by athe average number of days without operations decreased
increase in the number of loss operations associated wath fffom 26.83 to 1.33.

use of stop-loss. TABLE VI
PERFORMANCE OF THE IMPROVED TRADING SYSTEM USINANNS
TABLE V
PERFORMANCE OF THE TRADING SYSTEM WHEN USING THE # of Inputs | AR (%) [ Drawdown (%) | Trades per day (avg)
BENCHMARKS T
15 423.56 17.11 3.37
25 130.49 23.34 3.40
Benchmark | AR (% Drawdown (% Trades per day (av
[ AR (6) | wdown (%) | per day (avg) 33 302.05 23.03 3.38
VALES
1-day la 2.57 27.39 2.61
SSMA | 436 42.76 3.00 15 26051 15.02 3.12
10-SMA | -14.82 44.85 3.09 25 158.16 15.17 3.23
20-SMA 74.41 41.36 3.13 33 121.62 19.67 3.19
VALES
1-day lag 15.05 16.98 2.48
f(isslmx g;gg ‘Z‘g-gg ggi Table VII presents the results obtained if the slippage
20-SMA 1428 40.03 570 constraint is removed from the system. As expected, there

was an improvement in the system’s performance, once the
slippage used always considered pessimistic scenarids. Th

Recall that, according to the defined trading rules, theiig aggravated in day-trading operations, where entry aitd ex
are three ways to exit a trade. The first is to sell above th@ices are usually close due to the short trade time, leaving
maximum after buying below the minimum (or to buy belowa small profit. Thus, by accounting the slippage, we lose a
the minimum after selling above the maximum). This typeignificant percentage of profits in good trades, and have our
of trade always gives the investor profit. The second way Ilssses amplified in the bad trades. As a result, we observe tha
to exit due to a stop-loss, indicating that a loss occurréw. T in experiments without slippage there is a great improveémen
third and last is to exit in the last minute of the day. In thign the drawdown, and a slightly reduction in the number of
case, the operation may bring profit or loss. performed operations.

With this in mind, the system output can be improved by

. ; - L TABLE VI

increasing the number of operations we are certain will bep

lucrative, i.e. the first type of operation. This can be done """ ORMANCEOF ADAPTED TRAAD:\INNG SYSTEMWITHOUT SLIPPAGE
USING S

by increasing the probability that, if a stock price reaches

the minimum or maximum predicted values, it will also[#of Inputs | AR (%) | Drawdown (%) | Trades per day (avg)
reach the opposite extreme, assuring the investor profis. T

0 : ; : 1 15 1892.16 8.95 335
probability can be increased by reducing the interval that e 848 92 1404 209
separates the minimum from the maximum predicted valugs. 33 1516 51 10.35 3.08
Hence, letmin, andmax, be the minimum and maximum VALE5
predicted values, anB, the absolute difference among these ;g gég-gg ;-‘1‘2 g-gg
two values. We can disturb them according to Equations|1 33 52208 8.70 301

and 2:



The results obtained by the proposed trading system in tmet only on error-based metrics, but also on more general
period of May 2nd to December 2nd 2008 gave the investariteria, such as the annualized return and the drawdown.
a very high rentability, allowing him/her to double his/her
initial capital during the period of the investment. adjust REFERENCES
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