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Abstract:



A lot of strategies for Take Profit and Stop Loss functionalities have been propounded and scrutinized over the years. In this paper, we examine various strategies added to a simple MACD automated trading system and used on selected assets from Forex, Metals, Energy, and Cryptocurrencies categories and afterwards, we compare and contrast their results. We conclude that Take Profit strategies based on faster take profit signals on MACD are not better than a simple MACD strategy and of the different Stop Loss strategies based on ATR, the sliding and variable ATR window has the best results for a period of 12 and a multiplier of 6. For the first time, to the best of our knowledge, we implement a combination of an adaptive MACD Expert Advisor that uses back-tested optimized parameters per asset with price levels defined by the ATR indicator, used to set limits for Stop Loss.
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1. Introduction


When trading on an asset, investors are exposed to a potentially high risk if the price moves towards a direction which is the opposite from the one they had anticipated. This could result in considerable losses in the investment capital, unless immediate action is taken to exit the non-profitable position as soon as possible. On the other hand, if the price moves towards a direction that makes the current position profitable, an investor might want to close the position and cash in the profits gained so far, as there is always the possibility that winning trades could turn into losing positions and lead to catastrophic losses.



Different strategies of securing profits (Take Profit) and averting losses (Stop Loss) have been proposed and examined, usually involving the prices at which a position was opened, and are frequently used by traders, as well as automated trading systems. In this research, we tested and compared six different Take Profit and Stop Loss strategies used in combination with an algorithmic trading system, based on the MACD indicator on eleven different assets over a six-month period. With the results of these comparisons, we aim to provide some practical insights into every day traders about which Take Profit and Stop Loss technics to incorporate with an existing MACD strategy and which to avoid. There have been numerous studies about MACD, which is a 30-year-old tool, such as those by Chong and Ng (2008) and Yazdi and Lashkari (2013), focused on MACD’s performance in various markets and timeframes, or such as that by Ni and Yin (2009), who examined, among others, Take Profit and Stop Loss technics in MACD using neural networks. But there has not yet been a study of MACD combined with the Take Profit/Stop Loss strategies we examined based on ATR and in a faster timeframe.




2. Materials and Methods


2.1. Trading Systems


2.1.1. Automated Trading


Nowadays, trading is almost exclusively conducted electronically through a computer (Jain 2005). In addition to that, investors have replaced the broker with a platform of automated trading (algorithmic trading), as was postulated by Hendershott and Moulton (2007).



The decrease in the cost of this technology has led to its fast-paced adoption by the financial industry. The resulting technological change has brought about a revolution in the financial markets and the way the assets are traded. Many institutions today trade through algorithms and algorithmic trades improve liquidity. It has been proven that the increased algorithmic trades limit wrong price choices and decrease the proportion of offer risk over different price levels of an asset associated with the trades. These results show that algorithmic trading lowers the cost of trades and enhances the informativeness of quotes, as demonstrated by Hendershott et al. (2011).



On the other hand, it seems that Forex manual trading outweighs automated trading systems. Humans are more informed than systems (Chaboud et al. 2014). However, on closer inspection, we realize that there are some indications pointing to the fact that algorithmic trading contributes to an efficient price discovering process (Brogaard et al. 2014) through the elimination of opportunities for triangular arbitrage and faster “integration” of macroeconomic news into the price (Foucault et al. 2011). Also, in the same paper, it was established that algorithmic trades tend to correlate, demonstrating that automated strategies are not that different from those used by a human. Despite that correlation, there are no indications that algorithmic trading causes excess variability. In addition, the volume of algorithmic trading in the market has a small, but positive, impact on the liquidity of the market.



In this research, only algorithmic trades are executed without human intervention, with an automated high frequency trading system. Consequently, commissions and the cost of position swap are kept to a minimum, in contrast with using human intermediaries, and are subsequently presented. But the main element is the fact that they are automatically included in the results by the trading terminal we used. Consequently, the profit rate presented in this paper is pure, after the deduction of commissions.




2.1.2. Private Investors


As more brokers adopt electronic trading platforms, more private investors opt for automated algorithmic trading. It is estimated that private investors lose 2% in the USA market and 3.8% in Taiwan annually (Barber et al. 2008). It has also been calculated that institutional profits are enhanced by 1.5% annually as a result of the small transactions’ cost and corresponding profits of the same actions.



The feeling of the individual investors in relation to weekly and monthly profits and the variability of NYSE stocks was studied by Kaniel et al. (2004). Private investors who are more aware of the risk may force them to provide liquidity to other market participants who seek an instant service. The buying orders from bigger, stock-accumulating investors can cause a coercion of sales by increasing the prices. In the same way, individual buyers are attracted to lower prices caused when these larger investors choose to sell their stocks. Liquidity is actually provided by both professional traders (e.g., specialists) and individuals. If we assume that market liquidity is only provided by individual investors and they are more active in relation to the demand for immediacy, then there would be an excess supply of liquidity. In this case, individual investors that have contracts and are silent liquidity providers will amount losses, while more terms-informed investors will perform trades in adverse conditions. If, on the other hand, there are fewer investors than the market immediacy demands, the silent liquidity providers will amount profits. Understanding the predictability of the short-term profits calls for an understanding of the silent liquidity provision to individuals, as well as the explicit liquidity provision to professional investors. Specifically, the provision of liquidity can be regarded as the interaction between different types of investors that trade on the same market.



A lot of individuals, in parallel with these systems, adopt long-term positions, instead of strategic buying and holding, strategies whose trends are reflected on Google Trends, an analysis by Preis et al. (2013) quantifying the behavior of the market. In this research, there is no liquidity problem, especially for the $10,000 of initial capital, as the automated systems tested in this research can be implemented by institutes, as well as by private investors. On the other hand, it has been proven through back-testing that whether or not data from the profits of an asset or data from Google Trends are used for the same asset, the results are the same. The results have been tested on a non-linear machine learning system by Challet and Ayed (2014). In the current work, the problem of back-testing period selection is evident.





2.2. Take Profit & Stop Loss


Returns can be either absolute or relative. As a rule, we avoid absolute numbers because they will have to be calculated for each asset individually. Leung and Li (2015) proved that the stop loss function has to be calculated at every moment because it is related to the price of an asset at every tick since that price is within the price range x ∈ (L, b × L), or the investor, if x is the entering price, can simply set a constant I (proportional to the fluctuation we add), where x−I is the stop loss price. In addition, returns change over seasons and periods, according to the influences an asset undergoes as a result of outside or inside factors. It is obvious that orders with stop loss and take profit, when activated, oppose the market trend (take profit) or intensify the movement (stop loss), with great influence even over the liquidity during a flash crash (Easley et al. 2011). In all these adoptive trading systems, special consideration should be given to the use of these functions, as shown by Austin et al. (2004). In addition, the use of cut-loss orders and take profit orders and the range of these orders reflect the risk-taking desire of the investor (Au et al. 2003).



With regard to absolute numbers, we see a 3% take profit and a 2% stop loss in the work by Bolgün et al. (2010) on stocks of the Istanbul Stock Exchange. Constant take profit was used by Krishnan and Menon (2009), defined at 20 pips, in an interesting work that examined the influence that rate, closing price times, and indicators participating in trading systems (RSI, BB, Stoch, SAR, MACD, ADX, CCI, Williams %R, Mom, A/D) have on profit. Take profit was also set at 20 pips by Barbosa and Belo (2010). Even in systems that are based on the flow of buy and sell orders and not on the price itself, as postulated by Bates et al. (2003), stop loss and take profit were used as a function of returns 0–0.5%, 0.5–1%, etc. Similarly, Azzini and Tettamanzi (2008b) set staggering take profit signals on returns of 0.33%, 0.67%, etc., while in another work, Azzini and Tettamanzi (2008a) took three returns as take profit, logarithmically setting the constant at rTP = 0.006, 0.008, or 0.0046. Martinez et al. (2009) conducted experiments that converted the percentage of loss break from 0.1% to 2.0%. A small loss break percentage could impede profitable transactions, while a high one could cause bigger losses. The system executes more profitable transactions with the stop loss rules and the 0.5% percent yielded the best results.



As for the fluctuation range, we consider that take profit and stop loss functions display flexibility of profitability adjusted on each asset. In this way, with the range (R), stop loss = 0,5R and take profit = 1R were set by Cervelló-Royo et al. (2015). It is obvious that profit>stop loss is the only fair deal. Consequently, we make sure that 1R > 0.5R. Klement (2013) set the stop loss (c) in combination with a reentry condition (d), where (c) as the stop loss level is expressed in units of annual standard deviation of the return of an asset. The same applies for (d). Similarly, Chevallier and Ielpo (2012) set a dynamic stop loss and reduced the losses on S&P500, for which the rule is as follows: if the proposed rate of return against the variability reaches a lower limit (n), that is, the number of fluctuation days of the market that will activate the stop loss rule, then this is a signal for the selling of the investment.



We prove here that the addition of take profit and stop loss could considerably improve the results, to the point that they become profitable, in contrast to the claim laid by Clare et al. (2013). More specifically, this became more evident after the proof put forward by Han et al. (2016), who, with a stop loss at 10% of the monthly returns of a strategy based on the momentum, achieved a reduction of losses from −49.79% to −11.36%. Likewise, for monthly data from 1950 to 2004 setting stop loss on American long-term bonds investment, Kaminski and Lo (2014), improved the return over the buying and holding strategy by 50–100 basis points.



Lei and Li (2009) applied a constant price stop loss, as well as trailing stop loss, for stocks of NYSE and AMEX from 1970 to 2005. They concluded that the stop loss function shields investors from holding a non-profitable position for a long period of time, which could result in big losses of capital. On the other hand, they found a distinction between the profits’ enhancement and the risk reduction. The analysis of exchange rates of high frequency by Osler (2005) yields facts that provide support for the idea that orders of stop loss have an influence on the fall of prices. First of all, the change in exchange rates is faster when the prices reach levels at which stop loss orders are usually placed. Secondly, the effect of stop loss orders is greater than the effect of the take profit orders, which also helps the fast changes in prices by creating an opposite trend. Thirdly, the effect of stop loss orders has a broader time duration than that of take profit orders.



All of the above stop loss and take profit rules and conditions can be evaluated and sorted with regard to the profitability of the investment through a number of ways, where the aggregate profit would be the ultimate result, but with an evaluation framework proposed by Chan and Ma (2015).



The take profit and stop loss functions we use and analyze below are dynamic, follow the average fluctuation and the current price for every tick, and are activated instantaneously.




2.3. Automated Trading Strategy Development and Combinations


For this research, we used an automated trading system (Expert Advisor) based on the MACD indicator. We started with a simple system and progressively added more complex features, implementing Take Profit and Stop Loss functionalities.



2.3.1. The MACD Indicator and Expert Advisor


The MACD (Moving Average Convergence/Divergence) is a well-known indicator created in 1979 by Appel (2005). It calculates the difference of two exponential moving averages of different periods over a time-series. The moving average with the smaller period is called the fast moving average and the moving average with the bigger period is called the slow moving average.
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Another exponential moving average is calculated on the MACD line, called the Signal line:


[image: ]
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When the MACD line is above the Signal line, this is an indication of an upward trend momentum in the time-series and when the MACD line is below the Signal line, this is an indication of a downward trend momentum in the time-series.



The default values of the three periods used in the calculations of the MACD indicator are usually [image: ], [image: ], and [image: ] in the daily timeframe. An example of the MACD indicator can be seen in Figure 1.


Figure 1. EURUSD chart with an MACD line (blue) and a Signal line (red) below.



[image: Jrfm 11 00056 g001]






An automated trading system (Expert Advisor) can be formulated on the basis of the MACD indicator following the rules below:



When the MACD line crosses above the Signal line, this constitutes a buy signal and any short positions are closed and a long position is opened.



When the MACD line crosses below the Signal line, this constitutes a sell signal and any long positions are closed and a short position is opened.



The abovementioned trading strategy in the form of a pseudocode can be found in Appendix A.




2.3.2. The MACD Expert Advisor with a quicker Take Profit Signal


Sometimes, the rate of change of a time-series can be more rapid than the rate at which the MACD indicator can provide us with a signal. If a position was open during that time, even if it was a successful one up until that moment, potential profits could be diminished and never materialize or even turn into losses.



A potential solution to that problem is the use of a different Signal line to judge when to exit a position, with a faster (smaller) period than that of the normal Signal line:


[image: ]
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where
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An example of the MACD indicator with a Take Profit Signal Line can be seen in Figure 2.


Figure 2. EURUSD chart with an MACD line (blue), a Signal line (red), and a Take Profit Signal line (green) below.



[image: Jrfm 11 00056 g002]






Now, the Expert Advisor, in addition to the two previous rules, closes any long positions when the MACD line crosses below the Take Profit Signal line and any short positions when the MACD line crosses above the Take Profit Signal line. After that and until the next time, the MACD line crosses the Signal line, and no position is open, in contrast with the previous strategy, where there was always a long or a short position open. The abovementioned trading strategy in the form of a pseudocode can be found in Appendix A.




2.3.3. The MACD Expert Advisor with Signal Lines’ Hierarchy


There can be time periods when the time-series of an asset does not follow a clear upward or downward trend, but instead oscillates around a value. During these periods, the previous strategies produce a lot of signals and change positions frequently, which can potentially lead to losses, because there is not enough time for the price to move to profitable levels and every transaction and position change comes at a cost. A more effective option might involve staying out of the market during these periods and only opening a new position when clear upward or downward trends occur.



The clarity of a trend can be judged by means of the MACD, Signal, and Take Profit Signal lines. When the prevailing trend is bullish, then we have the MACD line above the Take Profit Signal line and the Take Profit Signal line above the Signal line. Likewise, when the trend is bearish, we have the MACD line below the Take Profit Signal line and the Take Profit Signal line below the Signal line.



The Expert Advisor still closes positions using the Take Profit Signal line in the same way as in the previous case, but only opens new positions if the hierarchy of the MACD, Take Profit Signal, and Signal lines matches the one outlined in the above paragraph. The abovementioned trading strategy in the form of a pseudocode can also be found in Appendix A.




2.3.4. The Average True Range Indicator


The Average True Range or ATR indicator is a measure of volatility introduced in 1978 by Wilder (1978). The True Range for a specific interval is defined as
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The ATR of period N is calculated as


[image: ]
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for the first instance and after that as
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2.3.5. The MACD Expert Advisor combined with the ATR Indicator for Stop Loss Strategies


The ATR indicator can be used to set a Stop Loss barrier when a new position is opened following an MACD Expert Advisor signal. When the MACD Expert Advisor opens a new long position, a Stop Loss barrier can be set at


[image: ]
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where Opening Price is the price the long position was opened at, ATR(N) is the value of the ATR indicator of period N at that moment, and x is a constant multiplier used to adjust the barrier’s width. When the asset’s price moves below that barrier, the long position is closed.



Likewise, when a short position is opened, a Stop Loss barrier can be set at
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When the asset’s price moves above this barrier, then the short position is closed.



After a Stop Loss is triggered and a position closed, it is possible that the MACD indicator keeps signaling for the same type of position to be opened. To avoid the immediate reopening of the same type of position after a Stop Loss, a new barrier can be created in the same way. Until the price moves above
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a long signal will not result in a new long position after a Stop Loss, and until the price moves below


[image: ]
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a short signal will not result in a new short position after a Stop Loss. The y parameter is a constant multiplier used to adjust the barrier’s width, as is the case with x. Examples of Stop Loss Barriers and New Position Barriers can be seen in Figure 3. The abovementioned trading strategy in the form of a pseudocode can also be found in Appendix A.


Figure 3. A segment from an MACD Expert Advisor’s trading on EURUSD. The green dots on the price chart indicate the ±2 × ATR(24) Stop Loss barrier after opening a new position and the red dots indicate the ±2 × ATR(24) barrier for new positions prevention after Stop Loss.



[image: Jrfm 11 00056 g003]







2.3.6. The MACD Expert Advisor with sliding ATR barrier zone


The ATR Stop Loss barriers described in the above section are drawn around the price at which a new position is opened and stay fixed, even if the price follows an upward, profitable trend, until there is a new MACD signal or the price moves back to the barrier.



In the second case, when the price moves back to the Stop Loss barrier, the potential gains from the previous profitable movements are never materialized. To prevent this, the ±x × ATR(N) zone can be redrawn each time the price moves out of it and follows a profitable direction. This slides the Stop Loss barrier to values that secure some of the profits gained so far.



On the other hand, the position prevention barrier should stay at the same level and not slide, as it could prevent the Expert Advisor from opening a new position for a long time. An example of this strategy can be seen in Figure 4.


Figure 4. A segment from an MACD Expert Advisor’s trading on EURUSD. The green dots show how the ±2 × ATR(24) zone slides upwards as the price moves to more profitable values. Eventually, a stop loss is triggered and the position is closed at a higher price than the one we would have in the event of waiting for the next MACD signal.



[image: Jrfm 11 00056 g004]







2.3.7. The MACD Expert Advisor with sliding and variable ATR barrier zone


An asset’s price can show large or small variability as it changes over time, which reflects the value of ATR. In the previous cases, ATR barriers were of a constant range, calculated with the ATR value at the moment when a position opened. Using the latest ATR value to form an ATR window with a variable range through time, could prevent the expert advisor from exiting a position prematurely in periods when variability spikes and help him follow the price trends, as seen in Figure 5.


Figure 5. A segment from an MACD Expert Advisor’s trading on EURUSD. The green dots show how the ATR window changes in width as the ATR value changes over time.



[image: Jrfm 11 00056 g005]








2.4. Data and Implementation


We conducted our experiments on the different Take Profit – Stop Loss strategies for nine assets from the Forex, Metals, Commodities, Energy, and Cryptocurrencies categories: AUDUSD, EURGBP, EURUSD, GBPUSD, USDCHF, USDJPY, XAUUSD, OIL, and BTCUSD. This choice mainly came from the need for assets that are traded on global markets on a 24 h base (or close to 24 h), as we wanted to examine the automated trading systems in a High Frequency Trading mode (hourly timeframe). The MACD Indicator has mainly been used for stock trading, but we opted to not trade stocks as the relatively big time intervals that exist between their trade sessions, in combination with the multinational activities of most of these corporations, can cause a lot of gaps and noise in their prices. The period we examined was from 3 September 2017 to 24 February 2018 with historical data from FXTM, GEBINVEST, and OctaFX. Because our systems were used in High Frequency Trading mode, we determined that a six-month period would be enough to draw conclusions about their performance.



For the testing, we used the Metatrader 5 trading terminal from Metaquotes, and Microsoft SQL Server for the initial data processing.



We set the initial test amount at $10,000 at a 1:100 leverage ratio for all assets except for BTCUSD, whose high price and spread required an equally high margin on the broker we used, so we set the initial amount at $10,000,000 and adjusted the results in such a way as to be comparable to the other assets. For each new position the automated trading system opens, it risks 20% of its current balance and no capital is deposited or withdrawn for the six-month period apart from the initial capital. The spreads for every asset (in pips) as reported by the brokers used were AUDUSD:0.7, EURGBP:0.6, EURUSD:0.4, GBPUSD:0.7, USDCHF:0.9, USDJPY:0.5, XAUUSD:21.0, OIL:5.0, and BTCUSD:11.5. The Metatrader 5 trading terminal also automatically adds the cost of each transaction to the Gross Losses so the Net Profits represent the actual pure number a trader has won or lost at the end.



2.4.1. Back testing Limitations


The Metatrader 5 terminal offers the ability to test an automated trading system over a past time period with various methods for simulating the price changes, such as every tick, every open-high-low-close value, every open value for a specific timeframe, etc. It also offers the ability to test a rage of the parameters used by the Expert Advisor in order to identify the best combination of parameters for a back testing period. In order to speed up back-tests, Metatrader 5 also offers the ability to use distributed testing agents utilizing the resources of a local network of computers. We used this ability to form a local cluster of computers, mainly with i5, i7, and Xeon Intel CPUs for a total capacity of 130 distributed agents, in order to run our backtesting experiments. We also used a Microsoft SQL Server in order to save and process the results of our experiments during the stage of parameter selection.



It should be noted that the wider the parameters’ ranges, the greater the number of combinations of parameters. Also, back testing with an every tick simulation is far more time- and resource-consuming than back testing with open-high-low-close value, which is in turn more time-consuming than an open value only simulation.



The values of the MACD and ATR indicators are calculated over one-hour timeframes, but during an hourly timeframe, the price of an asset can reach levels that would trigger a Take Profit/Stop Loss in some strategies or an automatic Stop Loss from the broker, so we chose to run our experiments with every tick simulations.




2.4.2. Parameter Selection


For our tests, we had to choose a set of parameters for each asset that would allow for the demonstration of an improvement or worsening in the MACD Expert Advisor’s behavior with the introduction of each Take Profit/Stop Loss strategy.



Since the different periods in the MACD averages can generate widely different results and in order to render the role of these parameters less significant for our tests, we decided to choose sets of parameters that are centered on neighborhoods (±2) of similar results, with the results indicating there is room for both improvement and worsening.



The simple MACD Expert Advisor has three parameters, the periods of its moving averages, which means that even for small parameter ranges, the number of combinations is significant. Performing a back test for every asset with full parameter sweeping on an every tick simulation would be prohibitive because of the time and electrical energy it would require. We circumvented this firstly by running the simulations on open-high-low-close prices ticks, which produces results close enough to the real tick simulation, and secondly by incrementing each parameter by a step of 2 instead of 1, which reduces the combinations to 1/8, allowing us to check a wider range. Potentially suitable neighborhoods can still be identified as a step of 2 still hits a ±2 neighborhood in eight or 27 of its 125 members.



Next, we defined some requirements for a suitable neighborhood, such as a minimum amount of trades and profit range, and chose the best 100 neighborhoods that fulfilled them, sorted by the smallest relative range defined as
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The specific requirements for each asset can be seen in Table 1.


Table 1. Requirements set for neighborhood selection for each asset.











	
	Profits ∈
	Trades≥
	Central Value





	AUDUSD
	[0, 22500]
	59
	



	EURGBP
	[−2800, 10800]
	75
	



	EURUSD
	[1500, 6500]
	75
	MinProfit < 4000 < MaxProfit



	GBPUSD
	[0, 8500]
	75
	MinProfit < 4000 < MaxProfit



	USDCHF
	[400, 7600]
	75
	MinProfit < 4000 < MaxProfit



	USDJPY
	[200, 7800]
	75
	MinProfit < 4000 < MaxProfit



	XAUUSD
	[0, 1300]
	75
	MinProfit < 400 < MaxProfit



	OIL
	[0, 30000]
	70
	



	BTCUSD
	[0, 220]
	75
	









To be more certain, we ran back tests with every tick value for these 100 neighborhoods of each asset, with range ±2 around their center with step 1. The missing combinations changed the min, max and average profits of the neighborhoods, which resulted in changes in their order of classification. Finally, we conducted a supervisory review of the best options and chose a neighborhood for each asset that seemed the most fitting one and served our purposes. The final parameters are presented in Table 2.


Table 2. Final parameters chosen for each asset and characteristics of their neighborhoods.
















	
	Fast
	Slow
	Signal
	MinProfit
	MaxProfit
	AvgProfit
	Relative Range
	MinTrades





	AUDUSD
	57
	284
	34
	3693.40
	8969.10
	5918.32
	0.8914
	59



	EURGBP
	27
	118
	6
	−672.23
	4324.72
	1274.10
	3.9220
	135



	EURUSD
	27
	280
	28
	2403.46
	6166.85
	4210.10
	0.8939
	79



	GBPUSD
	15
	82
	14
	1063.08
	8268.69
	4648.14
	1.5502
	129



	USDCHF
	29
	132
	22
	736.39
	6780.59
	4161.61
	1.4524
	80



	USDJPY
	33
	64
	32
	1702.63
	5914.10
	3545.61
	1.1878
	86



	XAUUSD
	17
	160
	16
	240.32
	1230.11
	792.88
	1.2484
	108



	OIL
	51
	60
	34
	5537.31
	21058.19
	12217.25
	1.2704
	76



	BTCUSD
	53
	210
	14
	48.46
	219.93
	143.53
	1.1946
	77












3. Results and Discussion


3.1. Default/Selected Parameters and Weekends


Firstly, we compared the results for a) the simple MACD Expert Advisor with the default parameters [image: ], [image: ] and [image: ] and without holding positions over weekends; b) the simple MACD Expert Advisor with our selected parameters and without holding positions over weekends; and c) the simple MACD Expert Advisor with our selected parameters with holding open positions over the weekends. Although the default MACD parameters refer to the daily timeframe, attempting to express two weeks, one month, and 1.5 weeks, respectively, we opted to keep them the same in the hourly timeframe instead of using the equivalent [image: ], [image: ], and [image: ] of days expressed in hours since that would move the scale outside the HFT. By porting the default parameters to the hourly timeframe, they then expressed ½ of a day, one day, and one work-day, which is closer to the timeframe of a daily trader doing HFT. The results of these three experiments can be seen in Table A1 and Table A2 and Figure 6 and Figure 7.


Figure 6. Net Profits of experiments (a), (b), and (c).



[image: Jrfm 11 00056 g006]





Figure 7. Drawdown, as percentage of equity, of experiments (a), (b), and (c).
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Table A1. Results of experiments (a), (b), and (c).





	

	
Gross Profits

	
Gross Losses

	
Net Profits




	

	
a

	
b

	
c

	
a

	
b

	
c

	
a

	
b

	
c






	
AUDUSD

	
13,966.24

	
37,297.78

	
31,166.56

	
−23,816.08

	
−30,282.34

	
−24,627.67

	
−9849.84

	
7015.44

	
6538.89




	
EURGBP

	
22,526.94

	
54,321.39

	
49,798.47

	
−31,113.62

	
−55,099.62

	
−50,929.09

	
−8586.68

	
−778.23

	
−1130.62




	
EURUSD

	
45,671.48

	
36,106.59

	
32,522.98

	
−52,901.34

	
−31,757.62

	
−27,630.16

	
−7229.86

	
4348.97

	
4892.82




	
GBPUSD

	
56,474.11

	
48,025.86

	
44,737.63

	
−64,529.80

	
−45,705.37

	
−43,091.59

	
−8055.69

	
2320.49

	
1646.04




	
USDCHF

	
18,662.64

	
27,822.32

	
19,855.93

	
−28,019.51

	
−24,060.67

	
−18,962.81

	
−9356.87

	
3761.65

	
893.12




	
USDJPY

	
20,697.02

	
27,060.23

	
14,940.23

	
−30,106.48

	
−22,931.07

	
−17,282.76

	
−9409.46

	
4129.16

	
−2342.53




	
XAUUSD

	
17,208.71

	
9107.39

	
9749.19

	
−16,773.68

	
−8800.84

	
−8564.85

	
435.03

	
306.55

	
1184.34




	
OIL

	
9098.18

	
81,584.58

	
57,452.95

	
−19,058.36

	
−73,261.17

	
−55,665.34

	
−9960.18

	
8323.41

	
1787.61




	
BTCUSD

	
3297.66

	
2410.97

	
2462.69

	
−4681.72

	
−2404.57

	
−2175.06

	
−1384.05

	
6.40

	
287.62









Table A2. Additional results of experiments (a), (b), and (c).





	

	
Drawdown

	
Trades




	

	
a

	
b

	
c

	
a

	
b

	
c






	
AUDUSD

	
98.79

	
52.90

	
48.82

	
266

	
59

	
40




	
EURGBP

	
91.62

	
66.82

	
67.88

	
242

	
162

	
141




	
EURUSD

	
82.51

	
47.95

	
42.18

	
243

	
81

	
60




	
GBPUSD

	
90.03

	
55.78

	
59.42

	
248

	
152

	
133




	
USDCHF

	
94.56

	
73.40

	
72.92

	
254

	
83

	
64




	
USDJPY

	
96.80

	
73.36

	
79.95

	
240

	
86

	
69




	
XAUUSD

	
27.32

	
16.40

	
16.04

	
228

	
119

	
99




	
OIL

	
99.60

	
98.43

	
98.07

	
188

	
80

	
59




	
BTCUSD

	
14.45

	
9.44

	
9.50

	
221

	
84

	
64










It can be concluded that holding open positions over the weekends helps cut one’s losses, but it also takes away a proportion of the profits for all the examined assets. Figure 6 makes clear that the net profits in most cases are diminished and Figure 7 shows the usually higher drawdown when holding positions open over the weekend. Also, using the default parameters almost always results in losses. Because of differences in contract sizes, trading hours, variability, etc., the XAUUSD, OIL, and BTCUSD show different numbers compared with the FOREX pairs (a behavior that also presents itself to the rest of the experiments) but, in the relativity of the experiments’ comparisons, their numbers still support the conclusions. The Net Profits in Table A1 and, by extension, for all later experiments, are a result of the parameter selection described in Section 2.4.2., which is a posteriori process. The actual amount of returns and the profitability of the MACD Expert Advisor are not something we actually concern ourselves with in this research, but rather how these returns change by adding each Take Profit and Stop Loss strategy.



From now on, in our experiments, we will be using our selected parameters for each asset and open positions will be closed for the weekends.




3.2. Fast Take Profit Signal and Signals’ Hierarchy


Next, we compared the (b) simple MACD Expert Advisor with the (d) MACD Expert Advisor, with the addition of a faster take profit signal, as described in Section 2.3.2. The determined value of the divisor N of the Fast Signal period was set as follows: N = {2,3,4}. With N = 1, the (d) Expert Advisor effectively becomes the same as (b), as the Fast Signal line becomes identical to the Signal line. Their results can be seen in Table A3 and Table A4 and Figure 8 and Figure 9.


Figure 8. Net Profits of experiment (d) for various values of N.
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Figure 9. Drawdown, as percentage of equity, of experiment (d) for various values of N.
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Table A3. Results of experiment (d) for various values of N.





	

	
Gross Profits

	
Gross Losses

	
Net Profits




	

	
b (N = 1)

	
d, N = 2

	
d, N = 3

	
d, N = 4

	
b (N = 1)

	
d, N = 2

	
d, N = 3

	
d, N = 4

	
b (N = 1)

	
d, N = 2

	
d, N = 3

	
d, N = 4






	
AUDUSD

	
37,294

	
25,474

	
24,725

	
544

	
−30,278

	
−25,896

	
−24,269

	
−29

	
7015

	
−422

	
456

	
515




	
EURGBP

	
54,415

	
59,520

	
55,503

	
55,503

	
−55,194

	
−60,383

	
−58,596

	
−58,596

	
−778

	
−863

	
−3094

	
−3094




	
EURUSD

	
36,116

	
37,642

	
38,389

	
40,268

	
−31,767

	
−32,361

	
−33,461

	
−37,011

	
4349

	
5281

	
4929

	
3257




	
GBPUSD

	
47,999

	
48,220

	
54,566

	
47,588

	
−45,679

	
−47,279

	
−54,533

	
−49,227

	
2320

	
941

	
33

	
−1639




	
USDCHF

	
27,829

	
20,634

	
18,821

	
20,256

	
−24,067

	
−22,316

	
−21,671

	
−22,752

	
3762

	
−1683

	
−2850

	
−2496




	
USDJPY

	
27,056

	
21,233

	
26,475

	
26,142

	
−22,927

	
−23,304

	
−26,338

	
−27,942

	
4129

	
−2072

	
137

	
−1799




	
XAUUSD

	
9115

	
9048

	
9864

	
9928

	
−8809

	
−8618

	
−8476

	
−8912

	
307

	
430

	
1388

	
1016




	
OIL

	
81,593

	
71,421

	
51,236

	
51,994

	
−73,269

	
−66,204

	
−56,279

	
−58,578

	
8323

	
5217

	
−5043

	
−6584




	
BTCUSD

	
2377

	
2247

	
2284

	
2265

	
−2371

	
−2554

	
−2586

	
−2576

	
6

	
−307

	
−302

	
−311









Table A4. Additional results of experiment (d) for various values of N.





	

	
Drawdown

	
Trades




	

	
b (N = 1)

	
d, N = 2

	
d, N = 3

	
d, N = 4

	
b (N = 1)

	
d, N = 2

	
d, N = 3

	
d, N = 4






	
AUDUSD

	
59.84

	
73.92

	
69.72

	
65.13

	
59

	
67

	
68

	
74




	
EURGBP

	
70.03

	
73.49

	
76.14

	
76.14

	
162

	
186

	
210

	
210




	
EURUSD

	
55.44

	
57.48

	
56.33

	
57.82

	
81

	
88

	
96

	
104




	
GBPUSD

	
52.13

	
63.16

	
58.47

	
61.14

	
152

	
171

	
192

	
216




	
USDCHF

	
74.98

	
75.60

	
78.35

	
75.70

	
83

	
101

	
112

	
118




	
USDJPY

	
77.06

	
83.04

	
78.24

	
78.21

	
86

	
101

	
104

	
112




	
XAUUSD

	
18.73

	
13.47

	
10.78

	
11.96

	
119

	
136

	
152

	
161




	
OIL

	
98.80

	
97.80

	
98.14

	
97.35

	
80

	
87

	
93

	
99




	
BTCUSD

	
11.30

	
13.81

	
13.42

	
12.84

	
84

	
89

	
96

	
105










The simple MACD yields better results in most cases, both in terms of net profits and drawdown, especially on Forex pairs. Even when assets which are traded using the MACD do not yield the most profitable results, it is postulated that the MACD ranks second after a neck-and-neck round, with a fast Take Profit signal of N = 2.



Next, we compared the (b) simple MACD Expert Advisor with the (e) MACD Expert Advisor that only opens new positions when the hierarchy of the MACD and Signal lines is right, as described in Section 2.3.3. The divisor N of the Fast Signal period assumed values of N = {2,3,4}. With N = 1, the e) Expert Advisor becomes the same as (b). Their results can be seen in Table A5 and Table A6 and Figure 10 and Figure 11.


Figure 10. Net Profits of experiment (e) for various values of N.
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Figure 11. Drawdown, as percentage of equity, of experiment (e) for various values of N.
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Table A5. Results of experiment (e) for various values of N.





	

	
Gross Profits

	
Gross Losses

	
Net Profits




	

	
b (N = 1)

	
e, N = 2

	
e, N = 3

	
e, N = 4

	
b (N = 1)

	
e, N = 2

	
e, N = 3

	
e, N = 4

	
b (N = 1)

	
e, N = 2

	
e, N = 3

	
e, N = 4






	
AUDUSD

	
37,294

	
24,838

	
26,666

	
29,074

	
−30,278

	
−23,346

	
−22,296

	
−26,120

	
7015

	
1492

	
4370

	
2954




	
EURGBP

	
54,415

	
36,836

	
44,974

	
44,974

	
−55,194

	
−41,263

	
−49,168

	
−49,168

	
−778

	
−4428

	
−4194

	
−4194




	
EURUSD

	
36,116

	
28,172

	
35,252

	
37,813

	
−31,767

	
−25,534

	
−30,184

	
−33,621

	
4349

	
2638

	
5068

	
4192




	
GBPUSD

	
47,999

	
39,274

	
49,657

	
51,052

	
−45,679

	
−40,010

	
−48,985

	
−51,998

	
2320

	
−736

	
671

	
−946




	
USDCHF

	
27,829

	
15,949

	
16,941

	
17,136

	
−24,067

	
−20,830

	
−21,086

	
−21,171

	
3762

	
−4880

	
−4146

	
−4035




	
USDJPY

	
27,056

	
17,328

	
23,076

	
25,002

	
−22,927

	
−20,258

	
−24,040

	
−27,339

	
4129

	
−2929

	
−964

	
−2338




	
XAUUSD

	
9115

	
7220

	
7882

	
8678

	
−8809

	
−7950

	
−7623

	
−8112

	
307

	
−730

	
259

	
566




	
OIL

	
81,593

	
84,182

	
74,125

	
59,685

	
−73,269

	
−72,111

	
−72,253

	
−65,487

	
8323

	
12,071

	
1871

	
−5802




	
BTCUSD

	
2377

	
2085

	
2208

	
2179

	
−2371

	
−2171

	
−2476

	
−2512

	
6

	
−86

	
−267

	
−333









Table A6. Additional results of experiment (e) for various values of N.





	

	
Drawdown

	
Trades




	

	
b (N = 1)

	
e, N = 2

	
e, N = 3

	
e, N = 4

	
b (N = 1)

	
e, N = 2

	
e, N = 3

	
e, N = 4






	
AUDUSD

	
59.84

	
68.68

	
60.71

	
57.72

	
59

	
63

	
65

	
71




	
EURGBP

	
70.03

	
72.45

	
75.01

	
75.01

	
162

	
175

	
205

	
205




	
EURUSD

	
55.44

	
51.98

	
47.68

	
52.07

	
81

	
77

	
91

	
100




	
GBPUSD

	
52.13

	
62.45

	
57.63

	
63.58

	
152

	
153

	
178

	
206




	
USDCHF

	
74.98

	
80.71

	
79.28

	
78.96

	
83

	
97

	
109

	
115




	
USDJPY

	
77.06

	
84.73

	
79.44

	
77.03

	
86

	
92

	
97

	
105




	
XAUUSD

	
18.73

	
22.35

	
19.39

	
15.90

	
119

	
124

	
143

	
153




	
OIL

	
98.80

	
95.67

	
95.32

	
97.05

	
80

	
76

	
85

	
91




	
BTCUSD

	
11.30

	
12.00

	
12.85

	
13.20

	
84

	
80

	
91

	
102










Again, it is evident that the simple MACD Expert Advisor generally produces better results than the MACD, which opens positions with the hierarchy of lines.




3.3. Constant ATR Zone, Sliding ATR Zone, Sliding and Variable ATR Zone


The first Stop Loss strategy we examined was f) a MACD Expert Advisor that creates a Stop Loss zone at ±x × ATR(N) when it opens a new position and a new position prevention zone at ±y × ATR(N), after a position has to be closed due to a Stop Loss that has been triggered. We tested every combination of parameters for N:{12,24,36,48}, x:{1,2,3,4,5,6,7}, and y:{1,2,3,4}. The Net Profits for each asset for every combination of N, x, y have been outlined in Figure 12 and Drawdown in Figure 13.


Figure 12. Net Profits of experiment (f) for various combinations of N, x, y.
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Figure 13. Drawdown, as percentage of equity, of experiment (f) for various combinations of N, x, y.
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The periodicity that can be seen in Figure 12 indicates that the x multiplier plays a significant role in this strategy. For small values of x (=1), net profits are diminished for all assets, while with larger values of x (5,6,7), profits are more constant and approach those of the simple MACD, as the big ATR zone does not trigger a Stop Loss very often. Values of x (2,3,4) yield the best results compared to the others. In the drawdown diagram, there also seems to be periodicity for y, with bigger values (y = 3,4) having lower drawdown.



Next, we examined g) an MACD Expert Advisor with a sliding Stop Loss zone ±x × ATR(N) as described in Section 2.3.6 and a constant new position prevention zone at ±y × ATR(N). We tested every combination of parameters for N:{12,24,36,48}, x:{1,2,3,4,5,6,7}, and y:{1,2,3,4}. The Net Profits for each asset for every combination of N, x, y are displayed in Figure 14 and Drawdown in Figure 15.


Figure 14. Net Profits of experiment (g) for various combinations of N, x, y.
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Figure 15. Drawdown, as percentage of equity, of experiment (g) for various combinations of N, x, y.
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The general picture is the same as the case of (f). For small values of x, the profits are diminished, while for larger values of x, they tend to stay constant and approach the Simple MACD’s results. Additionally, large values of y tend to have lower drawdown.



Finally, we examined (h) an MACD Expert Advisor with a sliding and variable Stop Loss zone ±x × ATR(N), with a new value of ATR used at hourly intervals as described in Section 2.3.7 and a constant new position prevention zone at ±y × ATR(N). We tested every combination of parameters for N:{12,24,36,48}, x:{1,2,3,4,5,6,7}, and y:{1,2,3,4}. The Net Profits for each asset for every combination of N, x, y have been outlined in Figure 16 and Drawdown in Figure 17.


Figure 16. Net Profits of experiment (h) for various combinations of N, x, y.
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Figure 17. Drawdown, as percentage of equity, of experiment (h) for various combinations of N, x, y.
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In this case, apart from the same conclusions that can be reached in the two previous tests, we can observe a clear peak in the profits in the neighborhood of (12,6,2), even when accounting for the big spikes from the OIL profits (the drawdown is also below total average in this area). This becomes more evident when we draw the diagram, Figure 18, of average profits for the (b) Simple MACD, (f) MACD with a constant ATR zone, (g) MACD with a sliding ATR zone, and (h) MACD with a sliding and variable ATR zone.


Figure 18. The averages of profits for experiments (f), (g), and (h) and the simple MACD system.
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A neighborhood around 12,6,2 of MACD with sliding and variable ATR windows clearly stands out, consistently having the edge over the simple MACD, as well as the other Stop Loss strategies. Apart from some solitary peaks, the other strategies do not outperform the simple MACD system.





4. Conclusions


In the present research, we examined various Take Profit and Stop Loss strategies added to a simple MACD automated trading system used in trading 10 assets from the Forex, Metals, Energy, and Cryptocurrencies categories. In order to make the MACD parameters less important in our research, we chose parameters based on the characteristics of their neighborhoods of ±2 and used them for all our experiments.



In our research, we first of all concluded that it is generally less profitable to keep positions open during weekends. Another conclusion we reached is that Take Profit strategies based on faster take profit signals on MACD are not far better than a simple MACD strategy. We also showed that among the different Stop Loss strategies based on ATR windows, the best and safest results come from a sliding and variable ±x × ATR(N) window with period N = 12 and multiplier x = 6 after opening a position and a constant ±y × ATR(N) with period N = 12 and multiplier y = 2 after stop loss closing.



Since the MACD Indicator is used quite prevalently by a lot of traders and our results are general enough, a trader could incorporate them in their technical analysis/trading strategy for Stop Loss and Take Profit without interfering with the rest of their strategy (portfolio management, capital allocation, MACD parameter selection, etc.)
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Appendix A


Pseudocode of the basic MACD trading strategy as described in Section 2.3.1. [image: Jrfm 11 00056 i001]



Pseudocode of the MACD trading strategy with a faster Take Profit Signal, as described in Section 2.3.2. [image: Jrfm 11 00056 i002]



Pseudocode of the MACD trading strategy using the Signal Lines’ Hierarchy, as described in Section 2.3.3. [image: Jrfm 11 00056 i003]



Pseudocode of the MACD trading strategy with a constant ATR Stop Loss barrier zone, as described in Section 2.3.5. [image: Jrfm 11 00056 i004]




Appendix B
















References


	1. 
Appel, Gerald. 2005. Technical Analysis: Power Tools for Active Investors. Upper Saddle River: FT Press. [Google Scholar]

	2. 
Au, Kevin, Forrest Chan, Denis Wang, and Ilan Vertinsky. 2003. Mood in foreign exchange trading: Cognitive processes and performance. Organizational Behavior and Human Decision Processes 91: 322–38. [Google Scholar] [CrossRef]

	3. 
Austin, Mark P., Graham Bates, Michael AH Dempster, Vasco Leemans, and Stacy N. Williams. 2004. Adaptive systems for foreign exchange trading. Quantitative Finance 4: 37–45. [Google Scholar] [CrossRef]

	4. 
Azzini, Antonia, and Andrea GB Tettamanzi. 2008a. Evolving neural networks for static single-position automated trading. Journal of Artificial Evolution and Applications, 17. [Google Scholar] [CrossRef]

	5. 
Azzini, Antonia, and Andrea GB Tettamanzi. 2008b. Evolutionary single-position automated trading. In Workshops on Applications of Evolutionary Computation. Berlin/Heidelberg: Springer. [Google Scholar]

	6. 
Barbosa, Rui Pedro, and Orlando Belo. 2010. Multi-Agent Forex Trading System. In Agent and Multi-agent Technology for Internet and Enterprise Systems. Berlin: Springer, vol. 289, pp. 91–118. [Google Scholar]

	7. 
Bates, R. Graham, Michael AH Dempster, and Yazann S. Romahi. 2003. Evolutionary reinforcement learning in FX order book and order flow analysis. Paper presented at IEEE International Conference on Computational Intelligence for Financial Engineering, Hong Kong, China, March 20–23. [Google Scholar]

	8. 
Bolgün, Kaan Evren, Engin Kurun, and Serhat Güven. 2010. Dynamic Pairs Trading Strategy for the Companies Listed in the Istanbul Stock. International Review of Applied Financial Issues and Economics 2: 37. [Google Scholar] [CrossRef]

	9. 
Barber, Brad M., Yi-Tsung Lee, Yu-Jane Liu, and Terrance Odean. 2008. Just how much do individual investors lose by trading? The Review of Financial Studies 22: 609–32. [Google Scholar] [CrossRef]

	10. 
Brogaard, Jonathan, Terrence Hendershott, and Ryan Riordan. 2014. High-frequency trading and price discovery. The Review of Financial Studies 27: 2267–306. [Google Scholar] [CrossRef]

	11. 
Osler, Carol L. 2005. Stop-loss orders and price cascades in currency markets. Journal of International Money and Finance 24: 219–41. [Google Scholar] [CrossRef]

	12. 
Cervelló-Royo, Roberto, Francisco Guijarro, and Karolina Michniuk. 2015. Stock market trading rule based on pattern recognition and technical analysis: Forecasting the DJIA index with intraday data. Expert Systems with Applications 42: 5963–75. [Google Scholar] [CrossRef]

	13. 
Chaboud, Alain P., Benjamin Chiquoine, Erik Hjalmarsson, and Clara Vega. 2014. Rise of the machines: Algorithmic trading in the foreign exchange market. The Journal of Finance 69: 2045–84. [Google Scholar] [CrossRef]

	14. 
Challet, Damien, and Ahmed Bel Hadj Ayed. 2014. Do Google Trend data contain more predictability than price returns? Available online: https://arxiv.org/abs/1403.1715 (accessed on 24 July 2018).

	15. 
Chan, Oliver, and Alfred Ka Chun Ma. 2015. A Framework for Stop-Loss Analysis on Trading Strategies. The Journal of Trading 10: 87–95. [Google Scholar] [CrossRef]

	16. 
Chevallier, Julien, Wei Ding, and Florian Ielpo. 2012. Implementing a Simple Rule for Dynamic Stop-Loss Strategies. The Journal of Investing 21: 111–14. [Google Scholar] [CrossRef]

	17. 
Chong, Terence Tai-Leung, and Wing-Kam Ng. 2008. Technical analysis and the London stock exchange: testing the MACD and RSI rules using the FT30. Applied Economics Letters 15: 1111–14. [Google Scholar] [CrossRef]

	18. 
Clare, Andrew, James Seaton, Peter N. Smith, and Stephen Thomas. 2013. Breaking into the blackbox: Trend following, stop losses and the frequency of trading–The case of the S&P500. Journal of Asset Management 14: 182–94. [Google Scholar]

	19. 
Easley, David, MM Lopez De Prado, and Maureen O’Hara. 2011. The microstructure of the flash crash: Flow toxicity, liquidity crashes and the probability of informed trading. Journal of Portfolio Management 37: 118–28. [Google Scholar] [CrossRef]

	20. 
Foucault, Thierry, Bruno Biais, and Sophie Moinas. 2011. Equilibrium High Frequency Trading. Paper presented at International Conference of the French Finance Association, Montpellier, France, May 11. [Google Scholar]

	21. 
Han, Yufeng, Guofu Zhou, and Yingzi Zhu. 2016. Taming Momentum Crashes: A Simple Stop-Loss Strategy. Available online: https://ssrn.com/abstract=2407199 or http://dx.doi.org/10.2139/ssrn.2407199 (accessed on 26 July 2018).

	22. 
Hendershott, Terrence, Charles M. Jones, and Albert J. Menkveld. 2011. Does algorithmic trading improve liquidity? The Journal of Finance 66: 1–33. [Google Scholar] [CrossRef]

	23. 
Hendershott, Terrence, and Pam Moulton. 2007. The Shrinking New York Stock Exchange Floor and the Hybrid Market. Technical Report. Berkeley: University of California, Available online: https://docplayer.net/13539804-The-shrinking-new-york-stock-exchange-floor-and-the-hybrid-market.html (accessed on 25 July 2018).

	24. 
Jain, Pankaj K. 2005. Financial market design and the equity premium: Electronic versus floor trading. The Journal of Finance 60: 2955–85. [Google Scholar] [CrossRef]

	25. 
Kaminski, Kathryn, and Andrew W. Lo. 2014. When do stop-loss rules stop losses? Journal of Financial Markets 18: 234–54. [Google Scholar] [CrossRef]

	26. 
Kaniel, Ron, Saar Gideon, and Titman Sheridan. 2004. Individual Investor Sentiment and Stock Returns. Available online: https://ssrn.com/abstract=1294447 (accessed on 24 July 2018).

	27. 
Klement, Joachim. 2013. Assessing Stop-Loss and Re-Entry Strategies. Available online: https://ssrn.com/abstract=2277722 or http://dx.doi.org/10.2139/ssrn.2277722 (accessed on 26 July 2018).

	28. 
Lei, Adam YC, and Huihua Li. 2009. The Value of Stop Loss Strategies. Financial Services Review 18: 23–51. [Google Scholar] [CrossRef]

	29. 
Leung, Tim, and Xin Li. 2015. Optimal mean reversion trading with transaction costs and stop-loss exit. International Journal of Theoretical and Applied Finance 18: 1550020. [Google Scholar] [CrossRef]

	30. 
Martinez, Leonardo C., Diego N. da Hora, Joao R. de M. Palotti, Wagner Meira, and Gisele L. Pappa. 2009. From an artificial neural network to a stock market day-trading system: A case study on the BM&F BOVESPA. Paper presented at International Joint Conference on Neural Networks, Atlanta, GA, USA, June 14–19. [Google Scholar]

	31. 
Ni, He, and Hujun Yin. 2009. Exchange rate prediction using hybrid neural networks and trading indicators. Neurocomputing 72: 2815–23. [Google Scholar] [CrossRef]

	32. 
Preis, Tobias, Helen Susannah Moat, and H. Eugene Stanley. 2013. Quantifying trading behavior in financial markets using Google Trends. Scientific Reports 3: 1684. [Google Scholar] [CrossRef] [PubMed]

	33. 
Krishnan, Rajeswari, and S. Sandhya Menon. 2009. Impact of Currency Pairs, Time Frames and Technical Indicators on Trading Profit in Forex Spot Market. International Journal of Business Insights & Transformation 2: 34–51. [Google Scholar]

	34. 
Wilder, J. Welles. 1978. New Concepts in Technical Trading Systems. Chicago: Investor Publishing, Inc. [Google Scholar]

	35. 
Yazdi, Seyed Hadi Mir, and Ziba Habibi Lashkari. 2013. Technical Analysis of Forex by MACD Indicator. International Journal of Humanities and Management Sciences 1: 159–65. [Google Scholar]

















































© 2018 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access article distributed under the terms and conditions of the Creative Commons Attribution (CC BY) license (http://creativecommons.org/licenses/by/4.0/).






media/file4.png
OnTick()

{
if(LongPositionExists)
{
if(Current Price < PositionOpeningPrice - x*ATR(N) )
{
CloselLongPosition();
}
}
if(ShortPositionExists)
{
if(Current Price > PositionOpeningPrice + x*ATR(N) )
{
CloseShortPosition();
}
}
if(NoPositionsExist)
{
if(MACD line > Signal line)
{
if(AfterStopLoss && Current Price < PositionClosingPrice + y*ATR(N) )
return;
else
{
CloseShortPositions();
OpenLongPosition();
}
}
else if(MACD line < Signal line)
{
if(AfterStopLoss && Current Price > PositionClosingPrice - y*ATR(N) )
return;
else
{
CloselLongPositions();
OpenShortPosition();
}
}
}






media/file26.jpg
10000
000
000

2000
000

AUDUSD  EURGEP.

——

EURUSD  GBPUSD  USDCHF

UsoiPY.

|eeN2 —am eNe3

XauUsp

—e—ene

o

BTCUSD.






media/file8.jpg
=
REEEERERRRE]






media/file27.png
100.00

80.00

60.00

40.00

20.00

0.00

AUDUSD

EURGBP EURUSD GBPUSD

@ h(N=1)

Y X e’N:Z

USDCHF  USDIJPY

- o) = e’N:3

XAUUSD

e,N

4

OIL

BTCUSD





media/file34.jpg
10000
s0c0 (]

80.00 )
7000
s000 M
s000
w000
3000

200
1000

—— AUDUSD —— EURGEP —— EURUSD —— GBPUSD ——USDCHE

——USDIPY ——XAUUSD ——OIL BTCUSD ——Average





media/file13.png
EORUED,H1 127330 12258 122664 122938 L 118665
| 118510
— H E R EEEEEEEEEEEEEECHR
Lyl
I | - 118355
AR RN ||. _n - 118200
ot 118045
“i“'l'“-i-“-l- iih..* : ‘l !“- I -ll- T LEE T LERE | | DR
New Long Position ATR window " et 3 ’ 'T'“ - L N
I sliding upwards - : bl L L L AL b ol i
-4~ . 117580
I + T Stol Loss Triggered
- | BN |
- 117425
A 1
* el 1.17270
I‘ o 147115
' ' ' ' ' ' ' et ' ' ' ' n ' ' ; ' ' ; ' ' ' ' ' ' ' ' ' ' ' ' ' ' 116960
I .lIF‘1l.l|-||.ll.ll.ll.ll.
- 116305
s i m e N naw N L e ‘-FT++#. e 116650
I [ . th . : 1,
] l 4 i MACD Short Signal
} i'l* HE F E R ERNERERERNEREREEREGE 116435
MACD (27-280-28-1) -0,004679 -0 004665 -0 004665 . 0012365
| — |
_.—'-w—'_'__'_'_'_'r—'_'_'_'_’ —— T
..——'""_HU_'_'—F H_’_'___'_,_,_.—-
.__‘_,_,.,-'-"J""_f _'_,_,—'-;-‘_'_'—'-F-'_'_'_'_F
_'_,_,_,——""'"-FF# H_'__'__‘_‘_,_'_‘_u_,_,-—"
L ——_—T
= T 0,000000
0.002284
ATR(24) 0.00156 Jm——— |00
— __,_,_-“—-——~—._\_,_,--'—‘_"_-_F-""""_' e C
e
I S ‘_,_,_pr""
h““x_____;____ o L f___,_a————
B —— 0,00080

13 Mow 2017 13 Mow 07:00 13 Mow 1100 13 Mow 15:00 13 Mow 19:00 13 Mowv 23:00 14 Mowv 03:00 14 Mov 07:00 14 Mow 11:00 14 Mow 15:00 14 Mov 19:00 14 Mow 2300 15 Mow 03:00 15 Mow 07:00 15 Mow 1100 15 Mow 15:00 15 Mow 19:00 15 Mow 223:00 16 Mow 03:00 16 Moy 0F:00





media/file31.png
v

90.00
50.00
40.00
30.00
20.00
10.00

0.00

100.00

T°L'8Y
1°9'gy
T'q'gy
T'v'sy
T'e'sy
A 17
T'T'sy
T°L°9€
1°9'9¢
T'q’9€
T'v'9€
T°e‘9e
1°¢'9¢
T1'T'9¢
T'L'YC
1°9'v¢
1'a've
Tv've
T'€ve
1yt
T'T've
T°LCT
1°9°CT
1'eeT
TveT
et
T'eet
T'Tet

BTCUSD e Average

——AUDUSD ——EURGBP ——EURUSD —— GBPUSD —— USDCHF
OIL

——USDJPY —— XAUUSD





media/file39.png
100.00

90.00

80.00

30.00

20.00

10.00

0.00

T'L'8Y
1°9'gy
T'q‘gy
T'v'8y
T'e'sy
T8y
T'T'sy
T'L°9¢
1'9'9¢
T'q’9g
T'v'9e
T'e’oe
1°C'9¢
T'T'9¢
T'L've
1'9'v¢
T'a've
T'v've
T'eve
T1C've
T'T've
VA4
T'9'cT
T'q’cT
T'v'eT
T'eeT
A4
T'T'er

——AUDUSD ——EURGBP ——EURUSD ——GBPUSD —— USDCHF

BTCUSD e Average

OIL

——USDJPY —— XAUUSD





media/file12.jpg





media/file18.jpg
os3es883888

AUDUSD EURGBP EURUSD GBPUSD USDCHF  USDIFY XAUUSD  OIL  BICUSD

—e— ) Default parameters without weekends - -+ bj Selected parameters without weekends.
= @ ) elcted parameters with weekends






media/file9.png
z & 2 T 8% % F 8§ § 8 &#
(] oy ~ ~

~N ~N ~ ~N ~ ~N ~ ~N ~ ~ ~N ~
- — — - — — - — - - - .
i L 4 L L 1 L L L L 1

L} L} _ ' L} Ll L} L} L] L}

" | e— ' I ' ' ' '
" ' ' ~— ' ' " ' ' [ '
.w ' ' ' — - ' [ ' ' ' '
' ' ' ' ! ' " ' ' ' '
..m.--.uuunnquu v l R [ e H (i [ B
' ' ' ' ~ ' ' ' ' ' '
1 ' ' ' ' ' " ' ' ' '
' ' ' ' ' ' " ' ' ' '
e ek e e T — - - - - - - - Femmm gy Fe=—--
1 O ' ' e ——— ! ' ' ! '
1 ' ' ' 0 ' " ' ' ' '
' ' ' ' ¢ —a ' " ' ' ' '
||||| becccdeccscdecsscshemiccccdecscccbhecccdocccclecccctbeacnad =
8 ' ' ' ' ' ' " ' ' ' '
" " ' ! | .- ' I ' ' ' '
" ' ' ' — ' " ' ' [ '
' ' ' ' | —— ' " ' ' ' '
1 ' ' ' ' ' ' ' ' ' '
=" il ey i —a—- - ---- Fbdad Ry Ml il Ry
' ' ' ' ' - " ' ' ' '
" ' ' ' ' | — e ' ' ' '
' ' ' ' ' ! 0 ' ' ' '
" ' ' ' ' _ | —- ' ' ' '
he=-—- el L L TR reerey== =l -~ =Y~~~ - Fpre==y =
" ' [} ' L} ' Il Ll L} L} ] [}
" ' ' ' ' ' D ' ' ' '
' ' ' ' ' ! — - ' ' ' '
' ' ' ' ' ' | ——— ' ' '
..... T i S S S N S S SR S ———
t ' ' ' ' ' ' i ' ' ' '
1 ' ' ' ' ' |, —— ' ' ' '
' ' ' ' ' ¢ —— T ' ' ' '
8 ' ' ' ' (=== — ' ' ' '
J L 1 ] L} i L} 1 L} 1] 1
(i CTTTTETTETS (i v -nuu_lllu.nnnnnu nnnnn Ui [ B
1 " ' ' [ el [ ' ' [ '
" ' ' ' D —— ' ' ' '
8 ' ' 0 ' " ' ' ' '
) . | —— . ) . . . .
nnnnn - l-y—- - - ~F - =" y" T e e essspesssyesssmE e ep ===
e — ! ' ' [ ' ' ' '
" ' 0 i ' ! ' 0 ' ' ' '
" " ' — —— ! ' I ' ' ' '
J ' ' I ' ' " ' ' [ '
lllll riiiiD*iLlIiiirlllibilIILiilIIriill.—iiill-lﬁiilrliiih -
8 ' [ ' ' ' ! ' ' ' '
" L} L} ' L} ' L} Ll L} L} L] L}
' ' | - ' ' ' " ' ' ' '
" L} E = ' L} ' [} Ll L} [} L] L}
3 | ' ; ] i ' ' i '
j----- - - - -—(———1 - - - = } == - =] ===~ il ERLLL =---- Shaid EEELL
" ' ' o —E- ' ' " ' ' [ '
" [} L} ) - L] [} Ll [} L] L] L]
' ' ' ' ' ' ' ' ' ' ' '
1 ' ' ' —— ! ' " ' ' ' '
||||| e A CE L PR e L E LT =
J ' ' ' — ' " ' ' ' '
' ' ' ' 0 ' f '
8 ' ' ' ' v v '
" ' ' ' ' ' ' " ' — '
lllll e S gy S
d L} L} ' L} ' [} Ll [} [l L}
8 ' ' ' ' ' ' " -— ' '
J ' ' ' ' ' ' " — - ' '
3 | i ' ' i ' i h i '
i el S’ Ol e B (et DR B e et S S =
" ' ' ' ' ' ' " 1 '
8 ' ' ' ' ' ' " | —— ' '
" L} L} ' L} ' L} Ll L} 1 L] L}
' ' ' ' ' ! ' " y, ' '
.... LT T TF YEymyytiys. FpRphpul. RPNy K- Ky R .
J ' ' ' ' ' ' " ' — '
' ' ' ' ' ! ' " ' 0 '
J ' ' ' ' ' ' " ' .|l| [
" ' ' ' ' ' ' " ' ' — '
ttttt becccdecccdaccscscsheccscsbccccdeccncbocccldocccclecceafened -
" L} L} ' L} ' L} Ll L} L} L}
8 ' ' ' ' ' ' " ' ' " =
" L} L} ' L} ' L} Ll L] L} .I-|F
3 ' ' ' ' ; ' 0 ' ' '
it T =" FTTTTEYTTTTS (i [ T (i [ e T (i .lllllllll
" ' ' ' ' ' ' " ' ' ' -
8 ' ' ' ' ' ' " ' ' ' " -
" ' ' ' ' ! ' " ' ' ' '
" " ' ! ' ! ' " ' ' ' , -
||||| FressgessaneEssspessagesssesssapassagpesessspmessspese sy i ol
' ' ' ' ' ! ' " ' ' ' —
8 ' ' ' ' ' ' " ' ' ' '
" L} L} ' L} ' L} Ll L} L} ]
' ' ' ' ' ! ' " ' ' -
||||| Lecccdecccdeaccsccskhccccbccccdaccccbhcaccclcnss -t -—— - -
i ' ' ' ' ' ' " ' ' " '
" " ' ! ' ! ' ' | - '
" ' ' ' ' ' ' " ' - '
' ' ' ' ' ! ' " | —— '
3 ' ' ' ' ! ' " g ' '
(i " [ e (e [ ||.I||. ||||| [ B
' ' ' ' ' ' 1 -~ ' ' ' '
1 ' ' ' ' ' - ' ' ' '
" ' ' ' V " ' ' ' '
" . ’ ' -——— ) . H ' .
||||| reccscgecsane fjpmmncgescccpecccspeccagessaspecssapansssy
' ' ' [P — ' ' ' ' ' ' '
1 ' ' ' ' ' " ' ' ' '
8 ' ' ' o - ' ' " ' ' ' '
..... Lesssisscscsdoswfliccctocssdecsssbhocsssiccnsclhscsncbaonsad =
A ' ' ' 0 ' ' " ' ' ' '
1 " ' vy ! ' I ' ' ' '
" ' ' e o] ' ' " ' ' [ '
8 ' ' [———— ' ' " ' ' ' '
1 ' ' ' ! ' [ ' ' ' '
(i e T (i ' TEVTTTTS (i e H O I
o ' ' ' -—a ' ' " ' ' ' '
9 " [ ' (S [ [ ' [ ' '
' ' ' ' ' ! ' " ' ' ' '
1 " ' ! [ gl ' I ' ' ' '
lllll rreceysccoquesengfffcrcyrrrocqeenscopescsyercenrocsapesany -
" ’ . I - . ! ’ b ! .
" ' ' 0 ' ' " ' ' ' '
" " ' —— ! ' ' ' ' ! '
o ' ' ¢ - ' " ' ' ' '
IIIII -IIIIIDIIIiLIIIlir+ll-illIIrilll.—lilll-lllllrlllil-
t ' ' ' ' ' " ' ' ' '
1 ' ' ' ' —— " ' ' ' '
" ' ' ' ' R " ' ' ' '
8 ' ' ' ' ' —— ' ' ' '
3 | ' ' ' ! ' ' ' '
- R - .||||;ﬂ.lln;||. ||||| EEEEEE -
v ' ' ' ' ' ' " A ' '
" ' L} ' L} ' L} i L} L] L}
8 ' ' ' ' ' ' " D ' ' '
" ' ' ' ' ' ' " e ' '
;;;;; R R R R R R LR LR R LR RS R ERY
' ' ' ' ' ' ' " ' [—— '
" ' ' ' ' ! ' " ' ' '
q " [ ' [ ' [ [ ' ' - '
nnnnn becssdosccdencscscshancniscsnnsdecscsnnheccsanbiccnncidifeteseed =
" ' ' ' ' ' ' " ' ' ' '
" ' ' ' ' ! ' " ' = '
i ' ' ' ' ' ' " ' . '
" ' [} ' [} ' [} Ll L} L} .l. [}
1 | ' ' ' ! ' " ' ' '
----- ' SETLIEELEL ====-  SELETEILEL === R e EE EELTTELELL |
" ' ' ' ' ' ' '  —- ' '
1 ' ' ' ' ' ' " ——— ' ' '
' ' ' ' ' ' ' " ' ' ' '
1 ' ' ' ' ' ' " —-— ' ' '
..... Feeeeyessemecccspeessyreseqeeecepeee eyl =g .-——— -
" ' L} ' L} ' L} L Il L} L] [}
" ' ' ' ' ' ' " ' ' '
X ' ' ' ' _ ' . [ E— ' '
" ' ' ' ' ' ' ' — A ' '
uuuuu becccsdnsccdencscschanccicscscndecannhacesiee - ===
' ' ' ' ' ' ' " ' '
" " ' ! ' ! ' | —— ——— '
" ' ' ' ' ' 1~ ' '
| ' ‘ ' ‘ - ’ ’ ) ’
1 ' ' ' ) 0 I ' ' ' '
(i CETEEYTEEEN e v l||||'||. ||||| [ e [ B ™
. ' ' ' ' —_— " ' ' [ '
e o ' ' ' | —— " ' ' ' '
P ' L} ' L} ' L} Ll L} L} L] L}
Q " ' ! ' y ' ' ' '
Sllll-ll‘l!dll"la lllll 1|Ill<-|‘|-'||llill|||1 !!!!! Ll L
.U ' L} ' L} ' Ill L L} L} L] L}
! ' ' ' ' ' 0 " ' ' ' '
= S : : : _ L. : : : :
w ' ' ' ' '  — ' ' ' '

16 Mar 13:00 16 Mar 21:00 19 Mar 06:00 19 Mar 14:00 19 Mar 22:00 20 Mar 06:00 20 Mar 14:00 20 Mar 22:00 21 Mar 06:00 21 Mar 14:00 21 Mar 22:00 22 Mar 06:00 22 Mar 14:00 22 Mar 22:00 23 Mar 06:00 23 Mar 14:00

16 Mar 2018






media/file14.jpg





media/file35.png
100.00

90.00

20.00

10.00

0.00

T°L'8Y
1°9'gy
T'q'gy
T'v'sy
T'e'sy
A 17
T'T'sy
T°L°9€
1°9'9¢
T'q’9€
T'v'9€
T°e‘9e
1°¢'9¢
T1'T'9¢
T'L'YC
1°9'v¢
1'a've
Tv've
T'€ve
1yt
T'T've
T°LCT
1°9°CT
1'eeT
TveT
et
T'eet
T'Tet

——AUDUSD ——EURGBP ——EURUSD ——GBPUSD —— USDCHF

BTCUSD emmmmAverage

OIL

—USDJPY —— XAUUSD





media/file20.jpg
AUDUS

=
N

7 N -
GMe e B s Joger

L4 R

—e—bit) N2 mem N e dNed






media/file23.png
100.00
90.00
80.00
70.00
60.00
50.00
40.00
30.00
20.00
10.00

0.00

AUDUSD EURGBP EURUSD GBPUSD USDCHF USDJPY XAUUSD OIL BTCUSD

=@ (N=1) sodlles dN=2 == dN=3 ®— d,N=4





media/file5.png





media/file36.jpg
5000000

4000000

2000000

000

4000000

6000000

—— AUDUSD —— EURGEP —— EURUSD —— GBPUSD —— USDCHE

BTCUSD e Average

o

XAuUSD

usoipy






media/file15.png
EURUSD,HL 11.22920 1.22985 1.22884 1,22925
i : | ) L 3 u ] LA B - w o 54 1.16875
"t maag
116780
L L
l Bt e u LL el 1.16685
J. __ e SN NN T ‘#l*l’“ 116590
UERT L] |
ln+ T *"T
I m -+
| - l 1.16495
-
. T I* "EEE
I | - 1,16400
[ "]
i | N R PRI RN SR -y 116305
"-".II-II 'R -ll-ll-“-“-"-::-“-
ageagsdissnssvannnt | 1.16210
| N R .IF.‘“* | | .I. '||' * 116115
[ '] - 1
1ill TEIN- ol TEZLES | N8 SR
- - | ' ' N Lieoz0
| .- - +1.15928
*__
! woE w W T115830
] m R EEDR
[ e el agpeamnun?®*®
» - - -+1.15738
LN 1
MACD (27-280-28-1) -0,004679 -0,004665 -0,004665 L -0.002703
..—'—'—'_""_'_'__ J_'_'_'_-’_—'_F —_—— Bl ——
| — ———_ |
’_,_,.,-'-""'"'_‘_‘_—F _'_'_‘_'_'__,_,_,—4--'—'_'_'_ -\_\_""‘-—y_._\_\__\_‘_\_‘_h _\_'_"_‘—\——._.__‘_‘_\__\_‘_
_..—'—'—'_""_‘_'_‘_F __,_,—'—""_'_'_'- ! -\_‘_—h_‘_‘_"—‘—-——\_
L I —
gy T “‘h‘——hh,_____h IR R T
P R
_,_,_f’#d-ﬂ_'_,_,_.,—'—'—"_'—_'-d_'_‘
— -0.008214
ATR(24) 0.00156 0.00173
\\ d_ﬂ___,,.-/
- — N\
/ S "
Hﬁ\_\_'""‘-—._,-‘“\ H_\_‘_‘__\__'_\_\_‘-
R
0,00101
2 Mow 06:00 2 Mow 10:00 2 Mow 1400 2 Mow 1800 2 Mow 22:00 3 Mow 02:00 3 Mow 06:00 3 Mow 10000 3 Mow 1000 3 Mow 18:00 2 Mow 22:00 6 Mow 03:00 & Mow 0700 6 Mow 11:00 & Mow 15:00 & Mow 19:00 B Mow 2300 7 Mow 03:00 7 Mow 07:00

2 Mow 2017





media/file19.png
100
90
80

'4-..00...
70 ! s e
e °” °

60 g A
50 ), ‘g’

40 @

30

20

10 ®

AUDUSD EURGBP EURUSD GBPUSD  USDCHF USDJPY  XAUUSD OIL BTCUSD

=@ ) Default parameters without weekends e« d4llee b) Selected parameters without weekends

® — c) Selected parameters with weekends





media/file28.jpg
60000.00

4000000

§

2000000

4000000

60000.00

EURGBP ——EURUSD —— GBPUSD —— USDCHF

AUDUSD

BTCUSD mmmhverage

——USDIPY ——XAUUSD ——OIL





media/file32.jpg
5000000

000000

2000000

000000

5000000

—— AUDUSD —— EURGEP —— EURUSD —— GBPUSD ——USDCHF

BICUSD e Average

XAUUSD ——OIL

— usosey





nav.xhtml


  jrfm-11-00056


  
    		
      jrfm-11-00056
    


  




  





media/file11.png
-0.005409

-0.010952
0.00180

T

T

T

T

m
E=1
<@
w
b=
F
=
=
<
o
-
<3
g8
-<
=
&
2
~
~
o
(=]
Q
<
=

2001300 201700 2002100 30a0100 300500 300300 301300 301700 302100 400100 400500 400300 4 Oct 13:00

2 Oct 09:00

T T T T
2 Oct 05:00

295ep 2017 29 Sep 13:00 29 Sep 17:00 29 Sep 21:00 2 Oct 01:00






media/file6.jpg
QEHHHSHH

i





media/file24.jpg
—e—b(Nl) oMl = Nl o Nt






media/file29.png
60000.00

40000.00

20000.00

-20000.00

-40000.00

-60000.00

——AUDUSD ——EURGBP ——EURUSD —— GBPUSD —— USDCHF

BTCUSD e Average

OIL

——USDJPY —— XAUUSD





media/file1.png
OnTick()

{

if(MACD line > Signal line)

{
if(ShortPositionsExist) CloseShortPositions();
if(!LongPositionsExist) OpenLongPosition();

¥

else if(MACD line < Signal line)

{
if(LongPositionsExist) CloselLongPositions();
if(!ShortPositionsExist) OpenShortPosition();

¥






media/file41.png
15000

10000

5000

-5000

-10000

A

-

'
[ B 4
\

o

eeseee Simple MACD
= = NACD with sliding ATR

!‘\0‘;{::};04 oaooooo’l’\ 4 \oooooooooooooo‘ooosoooo’!

\ / ‘ V.“ <agrt ,~ k\ / \
:f | Loy
H\ H\ -~ -~ H\ H\ H\ H\ H\ “-L \A -~ H\ H\ H\ H\
Lo\ '\\ -~ '\I\/ (Yl q-\ LQ Lo\ '\\ T‘_L - (Yl q-\ LQ Lo\ '\\
-

- e e [\]ACD with constant ATR

MACD with sliding+variable ATR





media/file2.png
OnTick()

{
if(MACD line > Take Profit Signal line)

CloseShortPositions();
else if(MACD line < Take Profit Signal line)

CloselLongPositions();

if( (MACD line > Signal line) & & (MACD line > Take Profit Signal line) )

{

if(ShortPositionsExist) CloseShortPositions();

if(!LongPositionsExist) OpenlLongPosition();

}
else if( (MACD line < Signal line) && (MACD line < Take Profit Signal line) )

{

if(LongPositionsExist) CloselLongPositions();

if(!ShortPositionsExist) OpenShortPosition();






media/file37.png
60000.00

40000.00

20000.00

‘;waq
\ 198y
& fs's

21 'v'gy

Q’ ~

1%

‘.Nwﬁ

-

«

gy

:Hhmm
&19'9¢

70
wHmm.m

¥'9¢
m%@m

)\

:Nmm
- B oc
Q\w 1'L've

19V

*:mqm

L 1vve

SEE e

/v

-

‘ L

-20000.00

-40000.00

-60000.00

——AUDUSD ——EURGBP ——EURUSD —— GBPUSD —— USDCHF

BTCUSD e Average

OIL

— USDJPY —— XAUUSD





media/file10.jpg





media/file7.png
1.23930
-1.23800
- - -~ 1.23670
-1.23540
-1.23410
-1.23280
-1.23150
-1.23020
-1.22890
-1.22760
-1.22630
-1.22500
0.002720
0.000000
0.002563

n 5 @ - e 0 aTT v
b - ——— - - - ‘ -
i ' — ' ' ' ' ' '
———

R = v A S SO U SUNN U i
B “ - — " " " " "
= ' ' ' ' — ' ' ' ' '
] ' ' ' ' —— ' ' ' '
t ' ' ' ) ' ' ' ' '
B R - - - - -~ ey Im————— r
QO ' ’ ! - ¢ ’ - - -
T — L
I ' ' '  —a ' ' ' ' '
penana [Ty R P — bedmiccccdecans - PR . -
“ i ' ' | ' ' ' i i
0 ' [ ' — - ' ' ' ' '
g ' ' ' | —— ' ' ' ' '
== LR EREb === T — - e L - bt Ll
g ' ' ' ' - ' ' ' '
g ' ' ' ' | —e— ' ' '

0 ' ' '
" ' ' ' ' ' | —- ' ' '
o= bbbl LA LA T DL reresr===lEN—--~y~=""" el r -
1 ' ' ' ' | —— ' ' '
g ' ' ' ' ' D ' ' '
0 ' ' ' ' ' ' ' '
g ' ' ' ' ' 1 — ' '
T besssiscssdecssss beeeed e —t—i—t—— - el .- .
" ' ' ' ' ' | —— ' '
I ' ' ' ' | — ' ' '
g ' ' ' ' [ — ' ' '
(R [N SRR e e oot [ [ S L
d V 0 " ‘ 0 V V ' V
0 ' " ' ' + — . ' ' ' '
g ' ' ' Qe ———— ' ' '
g ' i — — | ' ' ' ' '
. g W A A . mm=-- r
L — ' ' ' ' ' ' '
g ' 0 — ' ' ' ' ' '
L ' | — ' ' ' ' ' '
pecaaa heccciafecdeccca becsclccccdacsaas [ Yy leames . -
i ' ' ' '
. i | - ' ' ' i i i i
g ' o - ' ' ' ' ' ' '
g ' - ' ' ' ' ' ' ' '
S === - . - - - - - - === SRR EEEE R EEEEE ————— HEEEEE SRR
i V V i i V T ' i
I ' ' - —-—- ' ' ' ' ' '
" ' ' ' - ' ' ' ' ' '
\ ' : ' —= ' ' ' ' ' ‘
EEEEE pecsspucscnsanfij sresyecscaqescss FPreceyecene Im-——— r -
g ' ' [————— ' ' ' ' '
g ' ' ' ' " " g v v
g ' ' ' ' ' ' ' ' ~— S
peeena [y R P — L L I = = —
\ . ) . . . . L ——
g ' ' ' ' ' ' ' - '
g ' ' ' ' ' '  ——— '
g ) i ' ' ' ' ' h '
(i [ (i D (i R B e i HR S ™
g ' ' ' ' ' ' ' 1
g ' ' ' ' ' ' ' | ——— '
" ' ' ' ' ' ' ' -
EELLL pPeessgecscqecccs Fessageccaqecass roee e .- p
g ' ' ' ' ' ' ' ' ——
" ' . " ‘ ' ' ' ' | ——-
i ' [ ' ' ' ' ' ' ' -
peccas bLesssdsccsdessss besssbessasdascss S A -
]
g ' ' ' ' ' ' ' ' ' I
g ' ' ' ' ' ' ' ' ' '
(O "I T [P R S Ve [ T [ Lol
d V 0 " V i " V T ' V
g ' ' ' ' ' ' ' ' ' '
g ' ' ' ' ' ' ' ' ' '
g ' ' ' ' ' ' ' ' ' '
t ' ' ' ' ' ' ' ' ' '
EEE R EEEEEEE L TR T FPeeseyecccnecces Preseyeem-- Imm-—- r -
g ' ' ' ' ' ' ' ' ' '
_ ' ' ' ' ' ' ' ' ' r—
I ' ' ' ' ' ' ' ' ' -
pecaaa kecsscdecccdeacaas [ P - hCecnedenss s —t—— -
| i ' ' ' ' ' ‘ |-
I ' ' ' ' ' ' ' ' i
g ' ' ' ' ' ' ' | -
- - HEREEE EELLE === e ek A== e e e i B -
g ' ' ' ' ' 1 - ' ' '
g ' ' ' ' ' - ' ' '
\ . ) | -—— . . . .
e S S M
g ' ' ———— ' ' ' ' ' '
L ' ' | —E—- ' ' ' ' '
g ' ' ' 5o ' ' ' ' '
—— becssdecccdecmiiii~cccbccccdeccns P — R . =
g ' ' ' ' ' ' ' ' ' '
! ' ' "t ' ' ' ' ' '
g [ ' e ] ' ' ' ' ' '
g ' ' Pp— ' ' ' ' ' '
e L
L ' ' ' L ' i i ' '
" ' ' ' = ' ' ' ' '
SELLL pressgecscqeeccmfjecyocccqecccs Foessgecses bl r -
X ’ ! I . . . . ’ .
" i | —— ] . : ' ] '
0 ' " - ' ' ' ' '
pecaas besscdsccsdeccss e de e S fooses .
L ' ' ' . e ' ' '
g ' ' ' ' A ' ' '
g ' ' ' ' ' — — ' ' '
(R "I [P R ' T Viiu i [ B R
I ' [ ' ' ' ' ' —_— '
g ' ' ' ' ' ' — '
! ‘ ‘ ' ' ' ' : —-——
premm-- AR AE EEEEE TR TR it L TEL L LEREREEEES
g ' ' ' ' ' ' ' ' [—
" ' ' ' ' ' ' ' ' ;o .
g ' ' ' ' ' ' ' ' ' ~ -
pecana [ R PR —— beccscdoccscsdecaas becccdanans - - -
" ' ' " " " ' ' ' L=
i ' ' ' ' ' ' ' '  —l—
g ' ' ' ' ' ' ' ' ' o—
- L R === e A== e e b R B
g ' ' ' ' ' ' '  —E '
g ' ' ' ' ' ' ' —— ' '
g ' ' ' ' ' ' ' ' ' '
\ ! ! ' ' ' ! ' i '
heoee- Peesegecccnecc=s Feeceyecccqecccs recccyfccnroncs r o
g ' ' ' ' ' ' ' —— ' '
g ' ' ' ' ' ' ' ' '
g ' ' ' ' ' ' ' -, '
g ' ' ' ' ' ' ' ~—— '
fomen- besscdoncndecens bececbecccdecens bR L AL, o
\ . . . . . . ) ——— —
g ' ' ' ' ' ' ' T
g ' ' ' ' ' 1 — . '
" . ! ! . - - . .
"JSSSSRR RPN PR MRS SR — s PO RN FRPURIE SRIN SR SN .
- ' ' ' ' — ' ' ' '
.HJ ' ' ' [ ' ' ' '
f=) ' ' ' ' e ' ' i
N L recceyemfeym cccopeccayaccan jmm-—-— r
.m ' ' ' ' | ' ' ' '
i ' ' ' ' ' g ' ' ' '
B ' ' ' ' ' , =, ' ' '
i ' ' ' ' ' |- ' ' '

16 Mar 13:00 16 Mar 21:00 19 Mar 06:00 19 Mar 14:00 19 Mar 22:00 20 Mar 06:00 20 Mar 14:00 20 Mar 22:00 21 Mar 06:00 21 Mar 14:00 21 Mar 22:00 22 Mar 06:00 22 Mar 14:00 22 Mar 22:00 23 Mar 06:00 23 Mar 14:00

16 Mar 2018






media/file40.jpg
15000

10000

5000

To9e
Tsoe
Troe
e0e

T
voTn
vz
Ty

et

10000

£
2
£
E

++ Simple MACD
= = MACD with siding ATR

MACD with sidingsvariable ATR






media/file33.png
60000.00

40000.00

5|

J71°9°9¢

y
AM\ 1's'9¢
\‘,W{mm

dl

¢ { o~
G

-

/4

(J

X oc

P OF
U 117

4\ ‘.WH@«N
t\ N

Iy,

v
"‘ {~{
ﬁw‘\mm 4)
N
X

4
o

<
o

20000.00

-20000.00

-40000.00

-60000.00

——AUDUSD —— EURGBP ——EURUSD ——GBPUSD —— USDCHF

BTCUSD o= Average

OIL

——USDJPY —— XAUUSD





media/file16.jpg
10000

500
0 b o ~.
AupusD EUNEBP EURUSD GBPUSD  USDCHF ~ USgiaY
5000
10000
15000

=@ 5} Default parameters without weekends

b) Selected parameters without weekends

= @~ ) Selected parameters with weekends





media/file38.jpg
EURGEP ——EURUSD —— GBPUSD —— USDCHF

AUDUSD.

Average

srcusD

——USDIPY —— XAUUSD ——OIL





media/file3.png
OnTick()

{
if(MACD line > Take Profit Signal line)

CloseShortPositions();

else if(MACD line < Take Profit Signal line)

CloselLongPositions();

if( MACD line > Take Profit Signal line > Signal line )

{

if(ShortPositionsExist) CloseShortPositions();

if(!LongPositionsExist) OpenLongPosition();

}
else if( MACD line < Take Profit Signal line < Signal line )

{

if(LongPositionsExist) CloselLongPositions();

if(!ShortPositionsExist) OpenShortPosition();






media/file0.png





media/file22.jpg
10000
5000

5000
7000

6000
5000

4000

3000
2000
1000

000

AUDUSD EURGBP EURUSD GBPUSD USOCHF USDIPY XAUUSD  OIL  BTCUSD

—0)

AN mem N3 e NS





media/file17.png
10000

...
". o’ .o.
5000 ',. ‘,’.‘\r‘ ..........oool.. ..° 0...
. . °
AUDUSD EU%BP EURUSD GBPUSD USDCHF USWPY BT@WSD
-5000
-10000
-15000

=@ 3) Default parameters without weekends e« dllee b) Selected parameters without weekends

® = c) Selected parameters with weekends





media/file30.jpg
10000
000
000
7000
6000
5000
4000
2000
2000
1000
000

AUDUSD —— EURGBP —— EURUSD —— GBPUSD —— USDCHF.

USDIPY ——XAUUSD ——OIL BICUSD mmmAverage





media/file25.png
14000

12000 o

10000 o,
8000
6000
4000
2000

o \ .
9000 _AUDUSD.*® pQRGgﬁ EURUSD GBEUS
~ ’

-4000 g
-6000 ©
-8000

SDCHF ,u-s PY. -XAUUSD OlL BTCUSD

U
S

*b(N:l) XY X e’N:Z - o) = e’N:3 o e’N=4





media/file21.png
10000
8000
6000
4000
2000

0 ‘s

/
AUDUSD\\EU BP EURUSD GB

< N\
WSD‘QJS@I—JF‘ USBLRY XAUUSD\ OlIL ﬁ‘I’CUSD
‘v N ’

2000 ‘

\
-4000 \’l'
6000 5
-8000

=@ (N=1) ecodlles dN=2 === dN=3 ®— d,N=4





