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Abstract
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The article is focused on the use of technical analysis and it’s indicators. The main aim is the evaluation of 
technical analysis for selected index instruments which are traded on NYSE. The secondary objective 
is the  optimization of indicator’s parameters of technical analysis and subsequent comparison of 
profitability of business strategies based on these optimized parameters. The  empirical analysis 
includes the backtesting of optimized indicators and comparison with the default settings of these 
indicators. The optimization and backtesting were performed on cyclical stocks, represented by stock 
index S&P 500 Financial from 11/1/2014 to 10/31/2015.
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INTRODUCTION
The implementation of technical analysis has 

a  permanent place amongst investors, particularly 
since information derived from charts sourced 
from IT technologies and price analysis of financial 
assets has been used more frequently. Forecasting 
the  direction of future stock prices is a  widely 
studied topic in many fields including trading, 
finance, statistics and computer science. As 
mentioned by Irwin, Park (2007), in finance, statistics 
and computer science, most traditional models of 
stock price prediction use statistical models and/
or neural network models derived from price data. 
Computers help not only with the  determination 
of an indicator’s value, but also with calculations 
during various parameter setting of indices and 
with the identification of the most suitable setting or 
optimization.

This article is focused on the  analysis and 
specifically on the  optimization of indices of 
technical analysis. The  aim of this article is to 
provide optimization of selected indicators 
of technical analysis and to compare results 
achieved for investors, with the  default setting of 

these indicators. Due to optimization of indices, 
which was carried out in comparison with 
the  recommended settings, it is possible to answer 
the  question as to whether implementation of 
optimization is beneficial and whether it is possible 
to achieve higher revenue through it. Optimization 
is carried out in order to make a given indicator react 
better in a new trend at a given volatility. It is based 
on the  assumption that volatility does not change 
too much, unless there is a sudden shock. If there is 
a  good mood in the  markets, then volatility will be 
at low levels in comparison to a  period of distrust 
and fear in the  markets. With optimization, we 
should reduce the influence of volatility, because at 
higher volatility, optimization will set parameters of 
an indicator so that it generates a  lower quantity of 
signals, while at the initial setting an indicator might 
create a higher quantity of signals, from which more 
can be false and thus may harm an investor.

Technical analysis is constantly developing and 
nowadays not only complex econometric models 
of time series are used but also neural networks, 
which work as artificial intelligence, learning 
and automatically adjusting themselves in order 
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to achieve better results. The  submitted article 
is therefore focused on the  analysis of chosen 
(frequently used) indices of technical analysis in 
practice, their use by retail investors for the creation 
of their own business strategy and its optimization 
from recommended settings with the  objective 
of achieving higher revenue during trading on 
the stock markets.

Literature survey
Technical analysis, also known as “charting”, has 

been a  part of financial practice for many decades, 
but this discipline has not received the  same level 
of academic scrutiny and acceptance as more 
traditional approaches such as fundamental 
analysis. Technical analysis is, according to Veselá 
(2011), built on the  basis of historical repetition 
of prices, which also repeat with high probability 
in the  future. Unlike fundamental analysis, it 
answers the  question “when will what happen?”, 
which sufficiently defines a  sphere of its further 
use, i.e. “timing” of purchases and sales. Fang, Qin, 
Jaqcobsen (2014) mention that technical analysis 
is methodology for forecasting the  direction of 
security prices through the  study of past market 
data.

Technical analysis is widely used among traders 
and financial professionals, and is very often used 
by active day traders, market makers and pit traders. 
According to research provided by Menkhoff 
(2010), 87 % of 692 fund managers put at least 
some importance on technical analysis for their 
investment decisions. In a recent review, Irwin, Park 
(2007) reported that 56 of 95 modern studies found 
it produces positive results.

According to Kirckpatrick, Dahlquist (2011), 
technical analysis monitors prices at freely tradable 
markets with the  intention of creating profit or 
investment decisions. Technical analysis is based 
on basic economic theories. According to Víšková 
(1997), all fundamental, economic, political, 
psychological and other information is included in 
prices. Therefore, it is completely useless to study 
financial statements of companies and to compare 
a market price of a share with its intrinsic value as it 
is done by fundamental analysts.

According to Fernández-Blanco et  al. (2008), real 
world stock market predictions such as stock prices, 
unpredictability and stock selection for portfolios 
are challenging problems. Technical indicators 
are applied to interpret stock market trending 
and investment decisions. The  main difficulty of 
indicator use is deciding its appropriate parameter 
values, such as the  number of days of the  periods 
or quantity and kind of indicators. According to 
Víšková (1997), these indicators can be divided into 
reverse graphical formations (signalling a  trend 
change), consolidation formations (signalling 
continuation of an initial trend after its temporary 
interruptions) and gaps (breakaway gap, common 
gap, exhaustion gap and measuring gap).

However, the  principle and use of technical 
analysis is not only based on subjective analysis of 
graphical formations but also on using so-called 
indicators of technical analysis, which include 
hundreds of tools helping to identify the  power of 
a  new trend or its change, and also its possible buy 
and sell signals. According to Baetje, Menkhoff 
(2016) or Reilly (1989), the  following belong to 
the  basic groups of indicators: Moving averages 
and methods based on them, Oscillators, Volume 
indicators, Sentiment indicators, Indicators of width 
and relative market performance.

Share quotations, or movements of their prices are 
very volatile up to the  point of being random. One 
of the techniques to deal with this phenomenon is, 
according to Pring (2002), the use of moving averages, 
which attempts to ease fluctuation of price cycles 
into a smooth trend, thus disfigurement is smoothed 
to a  minimum. A moving average is, according to 
Murphy (1999), the most universal and widely used 
among all indicators of technical analysis. Based on 
Droke (2001),, various types of moving averages are 
encountered in business practice: a  simple moving 
average (SMA), a  triangular moving average (TMA), 
a weighted moving average (WMA), an exponential 
moving average (EMA), a  variable moving average 
(VMA) and a time series forecast (TSF).

Moving averages can be calculated for various 
time spans, a  longer time period contains more 
comparison and thus also more information. By 
including more data in the  calculation, every day 
becomes less important. Therefore, a  large change 
in value on one day does not have a  substantial 
influence on the  long-term time average. In 
technical analysis there are various popular values 
for length of observation, for example: 10 days, 40 
days or 200 days. The  period selected depends on 
the kind of movement one is concentrating on, such 
as short, intermediate or long term. In any case, 
moving average levels are interpreted as support in 
a rising market or resistance in a falling market.

According to Murphy (1999), what makes this 
indicator so successful is the  fact that it combines 
something from the  principles of oscillators with 
the  approach of crossing of dual moving averages. 
On the monitor, you can see only two lines, however, 
three lines are used in calculation. The  faster line 
(called the MACD line) is the difference between two 
exponential smoothed averages of closing prices 
(usually the last 12 and 26 days or weeks). The slower 
line (called the signal line) is usually an exponential 
smoothed average for 9 periods of the  MACD line. 
Appel (2005) recommends one setting of values for 
sell signals and a  different one for buy signals. A 
majority of traders, however, use standard values 12, 
26 and 9 for all the signals.

MACD is a  very strong indicator of timing, but 
according to Appel (2005), it is possible to identify 
its complications in trading in a  steady trend, in 
a  continuing narrow market channel or in decline. 
Moving averages and MACD are also, according 
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to Henderson (2002), an example of late technical 
indicators as they reflect past price movements.

Another commonly used indicator is Bollinger 
Bands (BB). A bandwidth changes depending on 
the volatility of a share and it is possible to influence 
it by entering a  multiple of the  standard deviation. 
Generally, any type of moving average can be used 
for construction of a  BB. Kocer (2016), mentioned 
that BB is a  technical analysis tool which was 
invented to predict future stock prices. BB is used 
to predict maximum and minimum future prices 
based on past prices.

According to Kirckpatrick, Dahlquist (2011), for 
the construction of BB it is first necessary to calculate 
a  simple moving average. BB uses SMA, because 
a majority of calculations of standard deviation use 
SMA. Furthermore, a band with an exact number of 
standard deviations is drawn.

According to Bollinger (2002), the  real power 
of Bollinger Bands takes effect when they are 
combined with other indicators, first of all it is 
recommended to combine it with an RSI indicator 
or a  volume indicator, which is also a  suitable 
choice. The  preferred strategy is comparison of 
a price share within a band, with a share of indicator. 
Jobman (1994) and also Sahin, Ozbayoglu (2014) 
stated that RSI is the most commonly used technical 
indicator due to its simplicity and performance. RSI 
measures strength of historical price movements 
by comparison of “positive” and “negative” days. 
RSI compares the magnitude of stock’s recent gains 
to the  magnitude of its recent losses and turns that 
information into a  number that ranges from 0 to 
100. Gorgulho, Neves, Horta (2011) mentioned 
that the  RSI line forms a  signal between 0 and 
100, which specifies determined overbought or 
oversold conditions when its value is above or 
below specific levels. There are several ways to 
calculate this indicator and it depends on whether 
one wants to calculate a “normal RSI” or gentler RSI 
formulas. The calculation of the RSI is described in 
Rodríguez-González et al. (2011) as follows:

For each day, an upward change (U) or downward 
change (D) is calculated. “Up” days are characterized 
by the daily close being higher than yesterday’s daily 
close, i.e.:

U = closetoday − closeyesterday

D = 0.
Conversely, a  down day is characterized by 

the  close being lower than the  previous day’s (note 
that D is nonetheless a positive number)
U = 0
D = closeyesterday − closetoday

If today’s close is the  same as yesterday’s, both 
U and D are zero. An average for U is calculated 
with an exponential moving average (EMA) using 
a given N-days smoothing factor, and likewise for D. 
The ratio of those averages is the relative strength:

RS
EMA N ofU

EMA N ofD
=

[ ]
[ ]

This is converted to a  relative strength index 
between 0 and 100:

RSI
RS

= − ⋅
+

100 100
1

1 .
Wilder (1978) established that the  most accurate 

value for value N to calculate the  best RSI is 14 
because it was half of the  lunar cycle. However, 
depending on the  market, the  company and other 
factors, the  value 14 is not always the  best value to 
calculate the RSI.

The shorter the  period set, the  more sensitive 
the  oscillator and the  wider the  amplitude. RSI 
works best if fluctuation reaches the top and bottom 
extremes. Therefore, when an investor trades 
in very short time intervals and he/she wants to 
have more significant oscillation, it is possible to 
shorten the  time periods. A period is extended in 
order to have an oscillator smoother and narrower 
in amplitude. The  amplitude of 9-period RSI is 
therefore greater than that of the  recommended 
14-period one. Despite 9 and 14 being the  most 
common settings, analysts have also experimented 
with other values. As stated by Murphy (1999), some 
analysts use a shorter interval, such as 5 or 7, in order 
to increase volatility of the RSI line. Others use 21 or 
28 in order to smoothen RSI.

According to Turek (2008), RSI is a  moment 
indicator and despite its main usage is to show 
overbought and oversold values, these values can 
stay irrational for a  very long time. Simply said, 
once RSI is used in a  strong uptrend, the  indicator 
can be expected to stay in overbought values 
for a  considerable part of the  whole increasing 
movement. RSI should therefore be used as an 
indicator of a future probable movement and reacted 
on only after the  movement, not vice versa. Once 
RSI is over 70, it can be thought of as if the market 
is overbought and that there is a  high probability 
of correction downwards, but it does not mean that 
this correction will start a new downtrend.

Recommended settings of indicators
For a  simple moving average (SMA) a  20-day 

period length is selected. This fact corresponds 
with the  duration of a  selected period, which 
is recommended in literature (e.g. Kirpatrick, 
Dahlquist (2011), Drasnar (1995)), but at the  same 
time it corresponds with the  setting of another 
indicator, which is based on a moving average.

Bollinger Bands are based on a  20-day simple 
moving average and a  bandwidth is given as twice 
the standard deviation. This setting is recommended 
by the  author of the  indicator John Bollinger. This 
setting is also mentioned by Appel (2005).

For the  RSI, the  setting 14/30/70 was used. 
Interpretation of this setting is that a 14-day period 
is used for calculation of RSI, the bottom boundary 
is set to 30 and the  top to 70. This setting is also 
recommended by the  author of the  indicator J. W. 
Wilder. In general, traders use a  setting between 9 
and 25. For longer term trading, the  number might 
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be increased but fewer trading signals will be 
generated. Even though Appel (2005), the  author 
of the  MACD indicator, recommends two different 
settings (one for buy and the  other one for sell 
signals), in practice the  setting 12/26/9 is often 
used, because the  difference between a  12-day and 
a  26-day moving average is smoothed by a  9-day 
moving average. From this perspective, only one 
recommended setting is selected, corresponding 
with standard values 12, 26 and 9.

MATERIALS AND METHODS
The time period designated for the  optimization 

of technical analysis indicators is from 1st November 
2013 to 31st October 2014 and for the  subsequent 
(back)testing the period from 1st November 2014 to 
31st October 2015 was chosen. The selected indexed 
instrument is Cyclical Index S&P 500 Financials, 
which includes companies meeting the condition of 
classification in the financial sector.

Optimization of indicators of technical analysis 
is carried out so that investment strategy based 
on a  given index maximizes its profitability, thus 
optimal values of parameters will be those, which 
when used by a  given business strategy, achieve 
the  highest valorisation. Similar methodology 
for optimization was used by Gencay (1998), and 
Fernández-Blanco, et  al. (2008) in their research. 
The  selected indicators for optimization and 
subsequent (back)testing are:
•	 Simple Moving Average (SMA)
•	 Moving Average Convergence/Divergence 

(MACD)
•	 Relative Strength Index (RSI)
•	 Bollinger Bands

These indicators are selected owing to their 
frequent use, which is because of their relatively 
easy construction and interpretation. The  use of 
these indicators is recommended by for example: 
Taylor, Allen (1992), Lui, Mole (1998), Appel (2005), 
Larsen (2010), Baetje, Menkhoff (2016) and Kocer 
(2016).

Optimally set parameters of indicators (see Tab. I) 
are tested within individual business strategies 
and they are compared with the  stated indexed 
instruments. The  input data used were of a  daily 
period in closing prices of indexes (indices?).

For every indicator, boundaries of limits (top 
and bottom boundaries) are selected, in which 
individual parameters can be set, selected with 
respect to recommended values and used in 
practice.

For SMA, the  selected limits are from 1 to 200 
days.

For BB, the  bottom boundary of the  moving 
average is selected to 1 and the  top boundary to 
200. At the  same time, the  boundaries for standard 
deviation are 1 and 8.

For RSI, a range in which testing occurs is set so that 
the length of RSI is optimized for the values from 1 
to 100, the bottom boundary 10 to 40 (the most used 
are 8, 9 and 25, Wilder (1978) recommended 14 days) 
and the top boundary 60 to 90.

In the case of MACD, for a faster SMA the range 1 
to 50 is selected and for a slower SMA 10 to 100 and 
for the  trigger 1 to 50 as well (similar settings were 
used e.g. by Williams (2006)).

RESULTS
For evaluation of performance, the  following 

methods (as in Gencay (1998)) are used: realized 
profit expressed in percentage, total quantity of 
trades (one trade contains opening and closing 
of a  position), average profit/loss per one trade, 
and quantity of profitable trades expressed in 
percentage.

Other information is also stated, but it is only used 
to support the evaluation. These are the quantity of 
profitable and losing trades (expressed in absolute 
values), average profit in profitable trades, average 
loss in losing trades, profit in the  most profitable 
trade and loss in the most losing trade.

The selected index, after correction in January 
2015, continued in an increasing trend. Despite 
the  growth rate decline, low volatility was 
maintained. A fall in August 2015 triggered the end 
of the trend, but from the end of September 2015 it 
became a growing trend again.

Since the  index behaves in the  majority of 
the period as it had been in the previous period, it is 
probable that the  optimized indicators can achieve 
good results.

The strategy based on the  optimized setting 
generated very low success for trades, and a  high 
average loss per trade, which meant a  big total loss 
for this strategy. From the chart of cumulated profit, 
it is also obvious that loss from the  beginning of 
the period was, although with few profitable trades, 
continuously deepened.

The strategy based on the  recommended setting 
had a  slightly better outcome, yet it still resulted in 
loss. Although the  strategy exceeded the  boundary 
of 50 % for a  successful trade, its deeper loss 
exceeded the  small profits. Despite the  last trade 
being the  most profitable, the  average profit per 
trade did not move into positive numbers.

The result of the  back tests for Bollinger Bands 
was reached clearly against the  recommended 
setting. The strategy based on the optimized setting 
generated signals for 4 trades, which were all 

I:  Recommended setting by selected indicators

SMA BB RSI MACD

default (recommended) settings 20-day 20-day, 2x st. dev. 14/30/70 12/26/9
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II:  Back test of SMA for S&P 500 Financials

Optimized SMA Recommended SMA

Total profit −10.64 % −2.32 %

Total quantity of trades 15 21

Percentage of profitable trades 33.33 % 52.38 %

Quantity of profitable trades 5 11

Quantity of losing trades 10 10

Average profit/loss −0.73 % −0.10 %

Average profit in profitable trades 0.67 % 1.06 %

Average loss in losing trades −1.44 % −1.37 %

Profit in the most profitable trade 1.81 % 4.33 %

Loss in the most losing trade −4.62 % −3.45 %

III:  Back test of Bollinger bands for S&P 500 Financials

Optimized BB Recommended BB

Total profit 15.16 % −3.55 %

Total quantity of trades 4 2

Percentage of profitable trades 100.00 % 0.00 %

Quantity of profitable trades 4 0

Quantity of losing trades 0 2

Average profit/loss 3.60 % −1.79 %

Average profit in profitable trades 3.60 % 0.00 %

Average loss in losing trades 0.00 % −1.79 %

Profit in the most profitable trade 5.47 % 0.00 %

Loss in the most losing trade 0.00 % −2.19 %

IV:  Back test of RSI for S&P 500 Financials

Optimized RSI Recommended RSI

Total profit −1.17 % 1.94 %

Total quantity of trades 1 1

Percentage of profitable trades 0.00 % 100.00 %

Quantity of profitable trades 0 1

Quantity of losing trades 1 0

Average profit/loss −1.17 % 1.94 %

Average profit in profitable trades 0.00 % 1.94 %

Average loss in losing trades −1.17 % 0.00 %

Profit in the most profitable trade 0.00 % 1.94 %

Loss in the most losing trade −1.17 % 0.00 %

V:  Back test of MACD for S&P 500 Financials

Optimized MACD Recommended MACD

Total profit 4.74 % −0.55 %

Total quantity of trades 6 9

Percentage of profitable trades 83.33 % 55.56 %

Quantity of profitable trades 5 5

Quantity of losing trades 1 4

Average profit/loss 0.80 % −0.03 %

Average profit in profitable trades 1.66 % 1.44 %

Average loss in losing trades −3.54 % −1.87 %

Profit in the most profitable trade 3.17 % 4.96 %

Loss in the most losing trade −3.54 % −4.60 %
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profitable and with high average profit per trade. 
Success of this strategy is in the  fact that the  trade 
was realized only after the  August fall. While 
the  other strategy realized 2 losing trades, sale did 
not happen before the  fall, thus the  whole decline 
was reflected in the results of this strategy.

In both cases, the RSI indicator generated signals 
only for one trade. Unfortunately, the strategy based 
on the  optimized indicators reacted to the  fall in 
December by purchase, after which a sell signal was 
not recorded, so the trade was completed with loss at 
the end of the period. The second strategy generated 
only a buy signal, but only at the end of August, i.e. 
after the  fall, consequently the  trade realized by 
the end of the period was profitable.

The strategy based on the  optimized parameters 
turned out well and was profitable in spite of loss in 

the last trade. This strategy only had one losing trade 
out of a  total of 6 trades; that and a  good profit per 
trade contributed to a  better result. Unfortunately, 
a bad reaction to the fall caused loss in the last trade, 
which occurred because the trade was realized later 
after a slight increase and so for a higher price.

On the  other hand, the  strategy based on 
the  recommended values of parameters dropped 
immediately at the  beginning of the  period and 
in April, there was a  loss higher than 6 %. In spite 
of more than half success per profitable trade, 
the  average rate of return per trade was −0.03 %. 
However, this strategy reacted better on the  last 
trade and without the  end of the  period, a  higher 
return might have been achieved.

VI:  Results of the back test, optimized indicators

Opt. SMA Rec. SMA Opt. BB Rec. BB Opt. RSI Rec. RSI Opt. 
MACD

Rec. 
MACD

Total profit −10.64 % −2.32 % 15.16 % −3.55 % −1.17 % 1.94 % 4.74 % −0.55 %

Total quantity of trades 15 21 4 2 1 1 6  9

Percentage of profitable 
trades 33.33 % 52.38 % 100 % 0 % 0 % 100 % 83.33 % 55.56 %

Quantity of profitable 
trades 5 11 4 0 0 1 5 5

Quantity of losing trades 10 10 0 2 1 0  1 4

Average profit/loss −0.73 % −0.10 % 3.60 % −1.79 % −1.17 % 1.94 % 0.80 % −0.03 %

Average profit in 
profitable trades 0.67 % 1.06 % 3.60 % 0.00 % 0.00 % 1.94 % 1.66 % 1.44 %

Average loss in losing 
trades −1.44 % −1.37 % 0.00 % −1.79 % −1.17 % 0.00 % −3.54 % −1.87 %

Profit in the most 
profitable trade 1.81 % 4.33 % 5.47 % 0.00 % 0.00 % 1.94 % 3.17 % 4.96 %

Loss in the most losing 
trade −4.62 % −3.45 % 0.00 % −2.19 % −1.17 % 0.00 % −3.54 % −4.60 %

DISCUSSION AND CONCLUSION
This work proposes a capable new approach to automatically manage a portfolio by using “alternative” 
settings of selected indicators of technical analysis.
After optimization, the  SMA indicator was not able to achieve profit on either of the  selected 
indicators. Looking at individual values of length of a moving average recommended by optimization, 
it is possible to see that recommended values have a relatively large dispersion. A change in behaviour 
of the indices is very probably behind the bad results of the optimized SMA indicator. At the same 
time, if there was loss of power of a trend, then it was negatively reflected on achieving profit. This 
situation occurred at S&P 500 Financials where an index grew at a slower pace.
Comparing results using the  recommended settings, one can see that a  lateral trend does not suit 
the recommended settings. Either there was no change in profit development at this state, or there was 
loss. The optimized indicator managed to achieve better results in two out of three cases compared to 
the indicator set according to the recommended settings, probably because of this common property.
Rejnuš’s (2008) statement was confirmed by the  back test; he considers time delay as a  weakness 
of moving averages and formation of signals against actual development of the  stock exchange. 
The empirical analysis confirmed that a large number of trade signals were in the end completed with 
losing trade. It is possible to say that SMA is more suitable as an additional indicator for trading. It is 
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possible to determine a direction of trade with recommended settings of various lengths to identify 
either short-term or long-term trends. The following table shows the difference between unprofitable 
and profitable deals by using default (recommended) settings and optimization of selected indicators.
Not once did BB achieve loss in the total result. However, in one case there was also no profit, because 
of a  trade that was not realized. This happened because very conservative values were set after 
the optimization. In the other two cases, a relatively small number of trades were realized, which led to 
a higher percentage of chance that the trade would be profitable. Despite a change in index behaviour, 
BB achieved non-negative values. There was not even one losing trade out of the four trades, unlike in 
the case with the recommended setting of this indicator. The optimized strategy was 100 % successful, 
while the recommended setting achieved zero success per profitable trade.
The setting and use of BB recommended by the author John Bollinger is not borne out by the results 
of this work. The author recommends the use of the indicator in combination with other indicators. 
However, after optimization the indicator achieved better results on its own, while not generating false 
signals. It is clearly evident that this indicator appears to be conservative, which makes it successful 
and profitable at the same time. For this indicator, optimization and exclusive use are recommended.
In Kabasinskas, Macys’ (2010) research, using the same parameters of Bollinger Bands, fewer signals 
were generated in a  short-term case and more signals in the  long term. That is why specific sets of 
parameters are needed for a long term and a short-term investment, to obtain maximum profitability 
in either case.
Following the  optimization, the  RSI indicator generated the  last trade signal (only one), moreover 
at the  time when the  cyclical index exhibited a  loss by contrast to the  recommended setting of 
this indicator.However, loss could have been caused by closing a position at the end of the period. 
Turek (2008) states that thanks to a property of the RSI indicator, i.e. values of RSI can stay irrational 
for a  very long time, this indicator generates a  very small quantity of trade signals. Therefore, as is 
proven by this work, it is appropriate to use this indicator with an additional one, in order to confirm 
the  strength of a  trend or to warn about a  change of trend. Because of this, optimization is not so 
important and the  indicator can be used without it. Fayek et  al. (2013) presented other results, in 
which an optimized RSI indicator provided the highest returns over other techniques in all periods 
by providing optimization on DJIA during 1982 to 2012.
On the  other hand, the  MACD indicator was also relatively successful. Optimization of this 
indicator brought, unlike with the recommended setting, five profitable trades and only one losing 
(for the  recommended setting the  ratio was 5:4). Our results correspond with Fernández-Blanco, 
et  al. (2008), where alternative settings of MACD were used by his Evolutionary Algorithm to 
bring the highest profit on the Dow Jones Industrial Average from 2000 to 2005. In their research, 
the  average profit with optimization of MACD brought the  investor an average profit of 50 % with 
a standard deviation of 14.15 %. In this research, a buy and hold strategy does not provide, on average, 
a profit greater than 30 %. Standard deviation exceeds 25 %. Consequently, with the data, we can say 
that a strategy based on MACD parameters optimization bring simillar results. Our results also show 
that the MACD indicator is an acceptable indicator of trend movements, which was also confirmed by 
Stanković, Marković, Stojanović (2015).
There were four indicators selected for testing, which are frequently used by the  investing public 
(see Baetje, Menkhoff (2016), Reilly (1989), Murphy (1999), Fernández-Blanco, et al. (2008) or Gencay 
(1998)). Their frequent use is a consequence of their easy interpretation. The setting of recommended 
values, used for comparison, was selected according to how they are most often used in practice or 
what setting was recommended by their authors.
The resulting values of optimization came out differently for every instrument; it is even possible to 
say that there were extreme differences (a number of profitable vs. losing trades, generating a number 
of trades). It implies that every indicator behaves differently during use with a  given instrument. 
Therefore, the conclusion is that optimization needs to be carried out continuously, alternatively in 
combination with another indicator Investors must build their own strategy and it is contingent on 
them to choose how often they carry out optimization. They must act carefully because optimization 
is a strong tool only if used correctly. Incorrect execution may lead to staggering loss.
In comparison with the results of optimization of other indicators, MACD and BB deliver the best 
results in the case of total or average profit or in the ratio of profitable and losing trades. In comparison 
with other empirical works, our research shows results in the optimization of the four most frequently 
used indicators. It is difficult to compare our results with other studies, which provided optimization 
only of one variable and of another market or index. However, optimization of some indicators brings 
the same results and can be recommended.
A possible direction of an extension of our research is backtesting of optimization on anticyclic or 
neutral stocks (indices).
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