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Introduction




I hope all of you have already read the MQL5 guide on the https://www.mql5.com/ru/docs site.



We will not recount this document and will focus on its practical use. We will allow ourselves only to quote it occasionally.



As stated in the foreword to the MQL5 handbook: Programs written in the MetaQuotes Language 5 have different features and purposes.



And then there is the listing: Experts, Custom indicators, Scripts, Libraries, and Include files.



Scripts are used to perform one-time actions, only processing the event of its launching, and therefore they will not be of interest to us here.



Also, we are not interested in the libraries, since the use of included files is more preferable in order to reduce overhead.



Therefore, we will focus on the creation of advisors and indicators using include files. That it is our goal of using the MQL5 programming language, which has an interesting syntax, of course, but it will only help us.



In fact, a programming in MQL5 is a prime example of an event-oriented programming, as all the code of a MQL5 application is based on overridden callbacks - handlers of client terminal events and user events. And already in the code of the callback functions, you can use either procedural programming, or object-oriented programming. Here we will look at both of these approaches.




Common indicator structure




An indicator code begins with the block of declaring indicator properties and various objects used by an indicator, such as indicator buffer arrays, input parameters, global variables, handles of used technical indicators, and constants.



This block of code is executed by the application MetaTrader 5 Trading Platform immediately when attaching the indicator to the symbol chart.



After the code block of the declaration of indicator properties and its parameters and variables, there is a description of callback functions, which the terminal calls upon the occurrence of events such as the initialization of the indicator after it is downloaded, before the deinitialization of the indicator, when changing the price data, when changing the symbol chart by a user.



To handle the above-mentioned events it is necessary to define functions such as the OnInit(), OnDeinit(), OnCalculate(), and OnChartEvent().



In the OnInit() function of an indicator, as a rule, the arrays, declared in the initial block, are associated with the indicator buffers, determining its output values, it sets the colors of an indicator, an accuracy of the display of the indicator values, its labels and other parameters of displaying an indicator. In addition, in the OnInit() function of an indicator, handles of used technical indicators can be obtained and other used variables can be calculated.



In the OnDeinit() function of an indicator, as a rule, graphical objects of an indicator are removed from the symbol chart, and handles of used technical indicators are removed also.



Actually, in the OnCalculate() function, indicator values are calculated ​​to fill by them arrays declared in the initial block, which have been associated with indicator buffers in the OnInit() function of an indicator, the data of which used by the terminal to draw an indicator. Furthermore, in the OnCalculate() function, you can change colors of an indicator and other parameters for its display.



In the OnChartEvent() function, events, generated by other indicators on the chart, can be handled, as well as events of removing graphical objects of an indicator by a user and other events that occur when a user works with the chart.



At this point indicator code ends, although there user-defined functions can also be defined, which called from the callback functions OnInit(), OnDeinit(), OnCalculate(), and OnChartEvent().




Indicator Properties




From the MQL5 guide: Programs properties (#property). For each mql5 program, you can specify additional specific parameters #property, which help the client terminal to properly maintain a program without having to explicitly launch it. In the first place it concerns the external indicator settings. The properties described in the included files are completely ignored. Properties must be set in the main mq5-file as th
 e
 #property identifier valu
 e
 .



Usually, the first property indicates a name of the developer, for example:



#property copyright &quot;2009, MetaQuotes Software Corp.&quot;



Other property indicates a link to the developer's website:



#property link http://www.mql5.com



After this a description of the indicator comes, each its line is marked by the identifier description, for example:



#property description &quot;Average Directional Movement Index&quot;



Then an indicator version is specified:



#property version &quot;1.00&quot;



At the same time, as a rule, a declaration of the general properties of an indicator is over.



An indicator may appear in the terminal window in two ways - on a symbol chart or in a separate box under the symbol chart.



The property:



#property indicator_chart_window



defines rendering of an indicator on the symbol chart.



And the property:



#property indicator_separate_window



specifies the output of an indicator in a separate window.



One of the most important properties of an indicator - a number of buffers for calculation of an indicator, for example:



#property indicator_buffers 6



This property is closely related to two other properties of an indicator - a number of graphical plots and a view of graphical plots.



A number of graphical plots is a number of color charts that make up an indicator.



For example, for the ADX:



#property indicator_plots 3



The indicator consists of three charts (line) - direction indicator +DI, direction indicator –DI, and the indicator itself ADX.



A view of graphical plots is a graphical shape, from which the indicator chart is composed.



For example, for the ADX:



#property indicator_type1 DRAW_LINE



#property indicator_type2 DRAW_LINE



#property indicator_type3 DRAW_LINE



Thus, each chart of the indicator ADX - is a line.



A graphic shape is associated with a graphical plot using a number of the graphical plot following th
 e
 indicator_typ
 e
 .



The color of each indicator graphical plot is given by the property indicator_colorN.



For example, for the ADX:



#property indicator_color1 LightSeaGreen



#property indicator_color2 YellowGreen



#property indicator_color3 Wheat



A color is matched to a graphical plot using a number of the graphical plot following th
 e
 indicator_colo
 r
 .



The MQL5 guide provides a table of Web-colors to define a color of the graphical plot.



Let's go back to the amount of buffers for calculation of an indicator.



Since the data for drawing each indicator chart taken from its indicator buffer, the amount of the declared indicator buffers cannot be less than the declared number of graphical indicator plots.



Immediately the question arises of how a particular array representing an indicator buffer is associated with a particular graphical indicator plot.



This is done in the callback function OnInit() by using SetIndexBuffer function call.



For example, for the ADX:



SetIndexBuffer (0, ExtADXBuffer);



SetIndexBuffer (1, ExtPDIBuffer);



SetIndexBuffer (2, ExtNDIBuffer);



Where the first argument is a number of a graphical plot.



Thus, the array is associated with an indicator chart, and a chart is associated with its shape and color.



However, the indicator buffers are a bit more complicated.



Their number may be made greater than the number of graphical indicator plots.



What does this mean?



This means that some arrays representing indicator buffers are not used to construct the indicator plots, but it is used for intermediate calculations.



For example, for the ADX:



SetIndexBuffer (3, ExtPDBuffer, INDICATOR_CALCULATIONS);



SetIndexBuffer (4, ExtNDBuffer, INDICATOR_CALCULATIONS);



SetIndexBuffer (5, ExtTmpBuffer, INDICATOR_CALCULATIONS);



Such an array is determined by the third parameter INDICATOR_CALCULATIONS.



This yields the following:



It's all in a partially filled array.



If the array specified in the SetIndexBuffer function is dynamic, i.e. declared without specifying a size, but it is bound to the indicator’s buffer using the SetIndexBuffer function, the client terminal makes sure itself that the size of the array corresponds to a price history.



Consider this as an example of the ADX.



Let’s open the application MetaTrader 5, and in the Tools menu, choose MetaQuotes Language Editor.



In the MQL5 editor, in the Navigator window, under Indicators-> Examples, choose and open the source code of the ADX.



In the OnInit() function, let’s comment out the line:



// ---- Indicator buffers



   SetIndexBuffer (0, ExtADXBuffer);



   SetIndexBuffer (1, ExtPDIBuffer);



   SetIndexBuffer (2, ExtNDIBuffer);



   SetIndexBuffer (3, ExtPDBuffer, INDICATOR_CALCULATIONS);



   SetIndexBuffer (4, ExtNDBuffer, INDICATOR_CALCULATIONS);



  // SetIndexBuffer (5, ExtTmpBuffer, INDICATOR_CALCULATIONS);



Now, the ExtTmpBuffer array is simply a dynamic array.



Let’s compile the indicator code and attach the indicator to a chart in MetaTrader 5.



The terminal will generate an error:
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It happened, because before filling the array by values, we ​​did not specify its size and did not reserve memory for it.



So, that its size was zero, when we tried to write something to it.



Also, we, can not do that array as a static array, i.e. directly declare it with an indication of a size, since the values ​​of the intermediate array are calculated in the callback function OnCalculate on the basis of a price history loaded in the function OnCalculate, namely the arrays open[], high[], low[], and close[].



But the exact size of the arrays open[], high[], low[], close[] is unknown, it is defined by the variable rates_total.



Well, we can use the function ArrayResize in the OnCalculate function to set a size of the array:



ArrayResize (ExtTmpBuffer, rates_total);



Now the indicator will work as expected after compilation.



But the fact is that in the OnCalculate function, we first calculate the indicator for the entire price history, i.e. for rates_total values, and then when receiving a new tick on the symbol of the indicator and accordingly when calling the OnCalculate function, we calculate a value of the indicator for this new tick for a symbol and write the new value of the indicator in its buffer array.



To implement it with an intermediate array, you need to carefully monitor its size and record a new value in the end of the array.



Instead of all this, the easiest way is to bind an intermediate array to the indicator’s buffer using the SetIndexBuffer function and thus solve all these problems.



A similar situation arises when values of intermediate arrays are filled by using the CopyBuffer function, which distributes the size of the receiving array to the size of the copied data.



If the entire price history is copied, then there is no problem and in this case, you do not need to use the INDICATOR_CALCULATIONS.



If we want to copy only one new incoming value, the CopyBuffer function will determine the size of the receiving array as 1, and you will need to use the receiver array as another array-intermediary, from which a value is recorded in the intermediate array of the indicator. And in this case, you cannot solve the problem simply by using the function ArrayResize for the receiving array.



Now, what should we do if we want to paint our indicator charts in different colors depending on the price?



Firstly, we must point out that our graphic shape of the graphical plot is a colored shape, for example:



#property indicator_type1 DRAW_COLOR_LINE



The identifier of the geometrical shape has the word COLOR.



Further, a value of the #property indicator_buffers incremented and another array is declared to store colors.



The declared additional array is associated with the color buffer of the indicator by using the SetIndexBuffer function, for example:



SetIndexBuffer (4, ExtColorsBuffer, INDICATOR_COLOR_INDEX);



The #property indicator_color of the coloring graphical plot will have several colors, such as:



#property indicator_color1 Green, Red



Finally, each element of the array, representing the color buffer of the indicator, is assigned a color number specified in the #property indicator_color.



In this case, it is 0.0 and 1.0.



Now, when rendering the indicator chart, a value of the chart is taken from the buffer, it is associated with the color buffer value for the position value, and a chart element becomes colored.



Instead of using the #property indicator_color, colors of a graphical plot can be set programmatically:



// Set the number of indexes of colors for the graphical plot



PlotIndexSetInteger (0, PLOT_COLOR_INDEXES, 2);



// Set a color for each index



PlotIndexSetInteger (0, PLOT_LINE_COLOR, 0, Blue); // Zero color index - blue



PlotIndexSetInteger (0, PLOT_LINE_COLOR, 1, Orange); // First index color - orange



Where the first parameter - an index of a graphical plot, respectively, the first graphical plot has the index 0.



This is identical to the declaration:



#property indicator_color1 Blue, Orange



Let's consider other indicator properties.



A thickness of a line of an indicator chart is set by the indicator_widthN property, where N – a number of a graphical plot, for example:



#property indicator_width1 1



You can also set a line style of an indicator chart – a solid line, dashed, dotted, dash-dot, dash-dot-dot - with the property indicator_styleN, where N – a number of a graphical plot, for example:



#property indicator_style1 STYLE_SOLID



Finally, the indicator_labelN property specifies labels of indicator charts in the DataWindow, for example:



#property indicator_label1 &quot;ADX&quot;



#property indicator_label2 &quot;+ DI&quot;



#property indicator_label3 &quot;-DI&quot;



Other properties can be found in the MQL5 guide.



Really, it can be noted another group of properties that allows you to draw a horizontal level of the indicator in a separate window, for example:



#property indicator_level1 0.0



#property indicator_levelcolor Red



#property indicator_levelstyle STYLE_SOLID



#property indicator_levelwidth 2



In the MQL5 editor, in the Navigator window, under Indicators-> Examples, let’s open the source code of the ADX.



The block of the declaration of the indicator properties looks as follows:



#property copyright &quot;2009, MetaQuotes Software Corp.&quot;



#property link &quot;http://www.mql5.com&quot;



#property description &quot;Average Directional Movement Index&quot;



#property indicator_separate_window



#property indicator_buffers 6



#property indicator_plots 3



#property indicator_type1 DRAW_LINE



#property indicator_color1 LightSeaGreen



#property indicator_style1 STYLE_SOLID



#property indicator_width1 1



#property indicator_type2 DRAW_LINE



#property indicator_color2 YellowGreen



#property indicator_style2 STYLE_DOT



#property indicator_width2 1



#property indicator_type3 DRAW_LINE



#property indicator_color3 Wheat



#property indicator_style3 STYLE_DOT



#property indicator_width3 1



#property indicator_label1 &quot;ADX&quot;



#property indicator_label2 &quot;+ DI&quot;



#property indicator_label3 &quot;-DI&quot;



If we will try to attach the indicator to a chart in the MetaTrader 5, in the first place, it will open a dialog box that displays the values of the​​ properties copyright, link, and description in the tab Common:


[image: ]



and in the Colors tab, it displays the values ​​of the properties indicator_label, indicator_color, indicator_width, indicator_style:


[image: ]



A name of an indicator is determined by a file name of the indicator.



By the way, the indicator dialog box can be opened and after the attachment of the indicator to a chart, using the context menu by right-clicking on the indicator and choosing indicator Properties.



When you hover over a name of an indicator, in the terminal window Navigator, you can see a tooltip that displays the copyright property.


[image: ]



After attaching, the indicator’s property:



#property indicator_label1 &quot;ADX&quot;



will not work, since in the OnInit() function, by calling the function:



string short_name = &quot;ADX (&quot; + string (ExtADXPeriod) + &quot;)&quot;;



IndicatorSetString (INDICATOR_SHORTNAME, short_name);



The indicator’s label is changed:


[image: ]



And by calling the function:



PlotIndexSetString (0, PLOT_LABEL, short_name);



The label of the indicator is changed in the Data Window:


[image: ]



The values ​​of the properties:



#property indicator_label2 &quot;+ DI&quot;



#property indicator_label3 &quot;-DI&quot;



are displayed, as it was determined, in tooltips of indicator charts and displayed in the Data Window.



The ADX indicator code declares a number of the indicator buffers larger than the number of graphical plots:



#property indicator_buffers 6



#property indicator_plots 3



This was done in order to use three indicator buffers for intermediate calculations:



SetIndexBuffer (0, ExtADXBuffer);



SetIndexBuffer (1, ExtPDIBuffer);



SetIndexBuffer (2, ExtNDIBuffer);



SetIndexBuffer (3, ExtPDBuffer, INDICATOR_CALCULATIONS);



SetIndexBuffer (4, ExtNDBuffer, INDICATOR_CALCULATIONS);



SetIndexBuffer (5, ExtTmpBuffer, INDICATOR_CALCULATIONS);



In the OnCalculate indicator function, the values of the arrays ​​ExtPDBuffer, ExtNDBuffer, ExtTmpBuffer are calculated based on the loaded price history, and then based on it, the values ​​of the arrays ExtADXBuffer, ExtPDIBuffer, ExtNDIBuffer are calculated, which are used to render the indicator chart.



As already mentioned, indicator buffers for intermediate calculations are declared, as a size of a downloadable price history is not known in advance.



The description of the ADX says that a buy signal is generated when the + DI rises above the – DI, and the ADX is rising.



At a time when the + DI is above the - DI, but the ADX begins to decline, the indicator signals that the market is &quot;overheated&quot; and it's time to take profits.



A sell signal is generated when the + DI falls below the – DI, while the ADX is rising.



At a time when the + DI is lower than the - DI, but the ADX begins to decline, the indicator signals that the market is &quot;overheated&quot; and it's time to take profits.



Let's modify the code of the ADX indicator so to paint the ADX chart in four colors that match the above four trading signals.



As a first step, let’s change the indicator_type1 property:



#property indicator_type1 DRAW_COLOR_LINE



Further increase the value of the indicator_buffers by one:



#property indicator_buffers 7



Declare an array for the color buffer:



double ExtColorsBuffer [];



In the OnInit () function, we associate the declared array with the color buffer:



SetIndexBuffer (0, ExtADXBuffer);



SetIndexBuffer (1, ExtColorsBuffer, INDICATOR_COLOR_INDEX);



SetIndexBuffer (2, ExtPDIBuffer);



SetIndexBuffer (3, ExtNDIBuffer);



SetIndexBuffer (4, ExtPDBuffer, INDICATOR_CALCULATIONS);



SetIndexBuffer (5, ExtNDBuffer, INDICATOR_CALCULATIONS);



SetIndexBuffer (6, ExtTmpBuffer, INDICATOR_CALCULATIONS);



There's a trick - an index of the color buffer should follow the index of the buffer values of the indicator. If, for example, you bind the array ExtColorsBuffer with the buffer with the index 6, then the indicator will not be correctly drawn.



Add colors in the property indicator_color1:



#property indicator_color1 LightSeaGreen, clrBlue, clrLightBlue, clrRed, clrLightPink



Increase the thickness of the line:



#property indicator_width1 2



In the OnCalculate function, at the end before the closing brace of the loop for, add the code:



ExtColorsBuffer [i] = 0;



if (ExtPDIBuffer [i]> ExtNDIBuffer [i] && ExtADXBuffer [i]> ExtADXBuffer [i-1]) {



ExtColorsBuffer [i] = 1;



}



if (ExtPDIBuffer [i]> ExtNDIBuffer [i] && ExtADXBuffer [i] <ExtADXBuffer [i-1]) {



ExtColorsBuffer [i] = 2;



}



if (ExtPDIBuffer [i] <ExtNDIBuffer [i] && ExtADXBuffer [i]> ExtADXBuffer [i-1]) {



ExtColorsBuffer [i] = 3;



}



if (ExtPDIBuffer [i] <ExtNDIBuffer [i] && ExtADXBuffer [i] <ExtADXBuffer [i-1]) {



ExtColorsBuffer [i] = 4;



}



Let’s compile the code, and obtain an indicator with a visual display of signals to buy and sell:


[image: ]



In the MQL5 editor, let's open another indicator from the Examples folder – the RSI indicator.



This indicator has two key levels that determine the overbought and oversold.



The code defines these levels as properties:



#property indicator_level1 30



#property indicator_level2 70



Let's improve the display of these levels, adding a color and style to them.



To do this, let’s add the properties:



#property indicator_levelcolor Red



#property indicator_levelstyle STYLE_SOLID



#property indicator_levelwidth 1



Now, the indicator will look like this:


[image: ]




Input parameters and indicator variables




Input parameters are those parameters of an indicator, which are displayed to a user in the Inputs tab of the dialog box, before attaching an indicator to a chart.



For example, for the MACD indicator:


[image: ]



Here a user can change the default settings of the indicator and the indicator with modified parameters will be attached to the graphics.



A user can also change parameters of an indicator after attaching an indicator to a chart by clicking the right mouse button on the indicator and selecting the properties of the indicator.



The code defines such parameters as Input variables with the modifier input, which is specified before a data type. As a rule, Input variables are declared immediately after indicator properties.



For example, for the MACD indicator:



// --- Input parameters



input int InpFastEMA = 12; // Fast EMA period



input int InpSlowEMA = 26; // Slow EMA period



input int InpSignalSMA = 9; // Signal SMA period



input ENUM_APPLIED_PRICE InpAppliedPrice = PRICE_CLOSE; // Applied price



Here it should be noted that in the dialog box to attach an indicator to a chart, it does not display the names of the variables, but it displays its commentaries.



If you remove the comments, input parameters are displayed as follows:


[image: ]



Now, variable names are displayed.



As you can probably already guess, comments are used to display to facilitate a user understanding of their purpose.



It also is seen that input parameters may be not only individual variables, but also enumerations that appear in the form of drop-down lists.



For the MACD indicator it uses a built-in enumeration ENUM_APPLIED_PRICE, but you can also define a custom enumeration.



The MQL5 handbook provides a relevant example:



#property script_show_inputs



// --- Day of week



enum dayOfWeek



{



   S = 0, // Sunday



   M = 1, // Monday



   T = 2, // Tuesday



   W = 3, // Wednesday



   Th = 4, // Thursday



   Fr = 5, // Friday,



   St = 6, // Saturday



  };



// --- Input parameters



input dayOfWeek swapday = W;



In this example the #property script_show_inputs command is used in scripts, it can be omitted for indicators.



The main difference of Input variables from other types of variables is that only a user may change its values in the indicator dialog box.



If you try to change an input parameter value in the indicator code, an error occurs when compiling:
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Therefore, if you want to use a modified value of the input parameter when calculating, you should use an intermediate variable:
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In addition to the Input variables MQL5-code uses local variables, static variables, global variables and Extern variables.



With the local variables, in principle, everything is clear, they are declared in a code block, for example, in a loop or function, there are initialized, and, after the code block, the memory allocated for local variables in the software stack is released.



Here it is necessary to note that for local objects created with the operator new, at the end of a block of code, you need to use the operator delete to free up memory.



Global variables are usually declared after indicator properties, input parameters, and arrays of indicator buffers, but before functions.



Global variables are visible within the program, its values can be changed at any point in the program, and the memory allocated for the global variables outside the software stack is released during unloading the program.



Here it is seen that Input variables are the same as global variables, except for the option - its value cannot be modified anywhere in the program.



If a global or local variable is declared with the qualifier const - it just does not allow you to change the variable value at run time.



Static variables are determined by the modifier static, which is specified before a data type.



It’s a bit more complicated with static variables, but it is easier to understand them, comparing the static variables with local and global variables.



In principle, a static variable declared in the same place as a global variable is the same as a global variable.



The trick begins when a local variable is declared with the modifier static.



In this case, after the code block is executed, the memory allocated for a static variable is not released. And the next time the same code block will be executed, a previous value of the static variable can be used.



Although the scope of such a static variable is limited to the same block of code in which it was declared.



Extern variables are an analogue of the static global variables. You cannot declare a local variable with the modifier extern.



A difference of Extern variables from static global variables is easiest to demonstrate with the MACD indicator example.



The MACD has an include file MovingAverages:



#include <MovingAverages.mqh>



It is located in the Include folder.



If you simultaneously declare an Extern variable in both the MACD and MovingAverages files:



extern int a = 0;



All goes well when compiling both files and a variable can be used.



If you declare a static global variable in both the MACD and MovingAverages files at the same time:



static int a = 0;



An error will occur when compiling both files:
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In addition to the command #include it is also useful the #define directive, which allows the substitution of an expression instead of an identifier, for example:



#define PI 3.14




Indicator Handle




Let's start with a quote: HANDLE identifies an object that you can manipulate. Jeffrey Richter, &quot;the Windows for Professionals&quot;.



A variable of the handle type is a pointer to some system structure or an index in a system table, which contains an address of the structure.



Thus, getting a handle of an indicator, we can use its data to construct the indicator.



A handle of an indicator is a variable of the type int and it is declared, as a rule, after a declaration of arrays of indicator buffers, together with global variables, such as in the MACD indicator:



// --- Indicator buffers



double ExtMacdBuffer [];



double ExtSignalBuffer [];



double ExtFastMaBuffer [];



double ExtSlowMaBuffer [];



// --- MA handles



int ExtFastMaHandle;



int ExtSlowMaHandle;



Here indicator handles are pointers to the indicator Moving Averages with different periods of 12 and 26.



Declaring these variables, we do not really get anything, as an indicator object, whose data we want to use, does not yet exist.



To create a copy of the technical indicator in a global cache of the client terminal and get a link to it, you can do in several ways.



If this is a standard indicator, the easiest way to get its handle is to use a standard function for working with technical indicators.



A standard function of the indicator Moving Average is:



int iMA (



   string symbol, // symbol name



   ENUM_TIMEFRAMES period, // period



   int ma_period, // averaging period



   int ma_shift, // offset indicator horizontally



   ENUM_MA_METHOD ma_method, // type of anti-aliasing



   ENUM_APPLIED_PRICE applied_price // type of price or handle



   );



And in the indicator MACD, the handles of the indicator Moving Averages are obtained by calling the iMA function in the OnInit() function:



// --- Get MA handles



ExtFastMaHandle = iMA (NULL, 0, InpFastEMA, 0, MODE_EMA, InpAppliedPrice);



ExtSlowMaHandle = iMA (NULL, 0, InpSlowEMA, 0, MODE_EMA, InpAppliedPrice);



Where the properties of the indicator are used:



// --- Input parameters



input int InpFastEMA = 12; // Fast EMA period



input int InpSlowEMA = 26; // Slow EMA period



input ENUM_APPLIED_PRICE InpAppliedPrice = PRICE_CLOSE; // Applied price



Suppose that we don’t want to use standard indicator, but we want to use a custom indicator.



In the Indicators/Examples folder of the MQL5 editor, there is an indicator, which we want, this is a Custom Moving Average.mq5 file.



To call the indicator, you can use the function iCustom:



int iCustom (



   string symbol, // symbol name



   ENUM_TIMEFRAMES period, // period



   string name // folder/name_custom indicator



   ... // Input parameter list of the indicator



   );



In the OnInit() function of the MACD indicator, let’s change the code:



// ExtFastMaHandle = iMA (NULL, 0, InpFastEMA, 0, MODE_EMA, InpAppliedPrice);



// ExtSlowMaHandle = iMA (NULL, 0, InpSlowEMA, 0, MODE_EMA, InpAppliedPrice);



ExtFastMaHandle = iCustom (NULL, 0, &quot;Examples\\Custom Moving Average&quot;, InpFastEMA, 0, MODE_EMA, InpAppliedPrice);



ExtSlowMaHandle = iCustom (NULL, 0, &quot;Examples\\Custom Moving Average&quot;, InpSlowEMA, 0, MODE_EMA, InpAppliedPrice);



After compiling the indicator, we can see that its display does not change:
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Another way to get a handle of a custom indicator is used the IndicatorCreate function:



int IndicatorCreate (



string symbol, // symbol name



ENUM_TIMEFRAMES period, // period



ENUM_INDICATOR indicator_type, // a type of the indicator of the ENUM_INDICATOR enumeration



int parameters_cnt = 0, // number of parameters



const MqlParam & parameters_array [] = NULL, // array of parameters



);



In the OnInit() function of the MACD indicator, let’s change a code:



MqlParam params [];



 ArrayResize (params, 5);



 params [0] .type = TYPE_STRING;



 params [0] .string_value = &quot;Examples \\ Custom Moving Average&quot;;



// --- Set ma_period



   params [1] .type = TYPE_INT;



   params [1] .integer_value = InpFastEMA;



// --- Set ma_shift



   params [2] .type = TYPE_INT;



   params [2] .integer_value = 0;



// --- Set ma_method



   params [3] .type = TYPE_INT;



   params [3] .integer_value = MODE_EMA;



// --- Set applied_price



   params [4] .type = TYPE_INT;



   params [4] .integer_value = InpAppliedPrice;



// --- Initialization done



ExtFastMaHandle = IndicatorCreate (NULL, NULL, IND_CUSTOM, 4, params);



params [1] .integer_value = InpSlowEMA;



ExtSlowMaHandle = IndicatorCreate (NULL, NULL, IND_CUSTOM, 4, params);



After compiling the indicator, we’ll see again that its display does not change.



After getting the indicator handle, if it is used in the code once, to save memory you can use a nice feature IndicatorRelease:



bool IndicatorRelease (



   int indicator_handle // indicator handle



   );



which removes the indicator handle and release a calculated part of the indicator.



Well, we got the indicator handle. How to extract its data?



This is done in the function OnCalculate by using the CopyBuffer function:



int CopyBuffer (



   int indicator_handle, // indicator handle



   int buffer_num, // indicator buffer number



   int start_pos, // from start



   int count, // as copy



   double buffer [] // array where the data will be copied



   );



The CopyBuffer() function allocates size of the receiving array to the size of the copied data.



Let us recall that it works, if the receiving array is a dynamic array.



If the receiving array is associated with an indicator buffer, then the client terminal itself makes sure that the size of the array corresponds to a number of bars that are available to calculate the indicator.



The MACD indicator is just such a situation. Intermediate arrays ExtFastMaBuffer[] and ExtSlowMaBuffer[] are bound to the buffers of the indicator:



SetIndexBuffer (2, ExtFastMaBuffer, INDICATOR_CALCULATIONS);



SetIndexBuffer (3, ExtSlowMaBuffer, INDICATOR_CALCULATIONS);



And a buffer of the Moving Average indicator is copied in these arrays based on its handles:



if (CopyBuffer (ExtFastMaHandle, 0,0, to_copy, ExtFastMaBuffer) <= 0)



     {



      Print (&quot;Getting fast EMA is failed Error!&quot;, GetLastError ());



      return (0);



     }



if (CopyBuffer (ExtSlowMaHandle, 0,0, to_copy, ExtSlowMaBuffer) <= 0)



     {



      Print (&quot;Getting slow SMA is failed Error!&quot;, GetLastError ());



      return (0);



     }



If you remove the bind of the arrays ExtFastMaBuffer[] and ExtSlowMaBuffer[] to indicator buffers, then the client terminal will generate an error:
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This happens because when loading indicator, the value to_copy is equal to a size of the price history, and then to_copy = 1 and the partial copying is produced in the arrays ExtFastMaBuffer[] and ExtSlowMaBuffer[], while their sizes are equal to 1.



In this case, the use of the ArrayResize function does not solve the problem, as the CopyBuffer function will still reduce the size of the array to 1.



You can certainly use another proxy array, in which you can copy one element. And from this intermediary array you can copy to the intermediate array, but the easiest way, of course, just bind the intermediate array to the indicator’s buffer.




The OnInit(), OnDeinit(), and OnCalculate() functions




As already mentioned, the functions OnInit(), OnDeinit(), and OnCalculate() are called by the client terminal when particular events occur.




The OnInit() function




The OnInit() function is called immediately after loading an indicator and thus it is used to initialize an indicator.



The initialization of an indicator includes binding of arrays to indicator buffers, the initialization of global variables, including the initialization of handlers of used indicators, as well as setting of indicator properties.



Let's look at some of these points in more detail.



As it has been shown, binding of arrays to indicator buffers is done by using the SetIndexBuffer function:



bool SetIndexBuffer (



   int index, // buffer index



   double buffer [], // array



   ENUM_INDEXBUFFER_TYPE data_type // that will be stored



   );



Where the data_type can be INDICATOR_DATA (indicator data for rendering, by default it can be omitted), INDICATOR_COLOR_INDEX (an indicator color), INDICATOR_CALCULATIONS (a buffer of intermediate calculations of an indicator).



After applying the SetIndexBuffer function to a dynamic array, its size is automatically maintained equal to the number of bars that are available to calculate the indicator.



Each index of an array of the type INDICATOR_COLOR_INDEX corresponds to the index of an array of the type INDICATOR_DATA and an index value of an array of the type INDICATOR_COLOR_INDEX defines the color of displaying of the index of an array of the INDICATOR_DATA type.



An array index value of the type INDICATOR_COLOR_INDEX, when setting, is taken from the #property indicator_colorN as a color index in a string.



An index of a buffer of the type INDICATOR_COLOR_INDEX must follow the buffer index of the INDICATOR_DATA type.



After binding of a dynamic array to an indicator buffer, you can change the order of the array access from the end to the beginning, i.e. the array value with the index 0 will correspond to the last received value of an indicator. This can be done using the ArraySetAsSeries function:



bool ArraySetAsSeries (



   const void & array [], // array link



   bool flag // true means reverse the order of indexation



   );



When using the function ArraySetAsSeries, the physical storage of array data does not change, in the memory, the array, as before, is stored in order from the first value to the last value.



The ArraySetAsSeries function changes only the programmatic access to array elements - from the last element of an array down to the first element of an array.



The OnInit() function can also check the input parameters for correctness, so a user can enter anything.



Herewith a value of the input parameter is reassigned using a global variable, and then the value of a global variable is already used in the calculation.



For example, for the ADX, it looks like this:



//--- check for input parameters



   if(InpPeriodADX>=100 || InpPeriodADX<=0)



     {



      ExtADXPeriod=14;



      printf(&quot;Incorrect value for input variable Period_ADX=%d. Indicator will use value=%d for calculations.&quot;,InpPeriodADX,ExtADXPeriod);



     }



   else ExtADXPeriod=InpPeriodADX;



Here the ExtADXPeriod is a global variable and the InpPeriodADX is an input parameter.



When using the indicator handles, you need to indicate a symbol (a financial instrument) for which the indicator will be created.



At the same time such a symbol can be defined by a user.



The OnInit() function is also useful to check the input parameter for correctness.



Let’s define an input parameter:



input string symbol = &quot;&quot;; // symbol



Declare a global variable:



string name = symbol;



In the OnInit() function, let’s check it:



// --- Remove gaps on the left and the right



   StringTrimRight (name);



   StringTrimLeft (name);



// --- And if after this the length of the string name is zero



   if (StringLen (name) == 0)



     {



      // --- Take a symbol from the chart that is running the indicator



      name = _Symbol;



     }



The program setting of the indicator properties is done by using the functions IndicatorSetDouble, IndicatorSetInteger, IndicatorSetString, PlotIndexSetDouble, PlotIndexSetInteger, and PlotIndexSetString.



The IndicatorSetDouble function allows you to programmatically determine indicator properties such as the indicator_minimum, indicator_maximum, and indicator_levelN.



For example:



IndicatorSetDouble (INDICATOR_LEVELVALUE, 0, 50)



is an analog of:



property indicator_level1 50



The IndicatorSetInteger function allows you to programmatically determine indicator properties such as the indicator_height, indicator_levelcolor, indicator_levelwidth, and indicator_levelstyle.



Thus, you need to define a number of levels using the IndicatorSetInteger function. For example, for the RSI indicator, it is as follows.



Indicator properties:



//#property indicator_level1 30



//#property indicator_level2 70



//#property indicator_levelcolor Red



//#property indicator_levelstyle STYLE_SOLID



//#property indicator_levelwidth 1



is replaced by the code:



IndicatorSetInteger (INDICATOR_LEVELS, 2);



IndicatorSetDouble (INDICATOR_LEVELVALUE, 0,30);



IndicatorSetDouble (INDICATOR_LEVELVALUE, 1,70);



IndicatorSetInteger (INDICATOR_LEVELCOLOR, 0,0xff0);



IndicatorSetInteger (INDICATOR_LEVELCOLOR, 1,0xff0);



IndicatorSetInteger (INDICATOR_LEVELSTYLE, 0, STYLE_SOLID);



IndicatorSetInteger (INDICATOR_LEVELSTYLE, 1, STYLE_SOLID);



IndicatorSetInteger (INDICATOR_LEVELWIDTH, 0,1);



IndicatorSetInteger (INDICATOR_LEVELWIDTH, 1,1);



Also the IndicatorSetInteger function allows you to determine an accuracy of the indicator, for example:



IndicatorSetInteger (INDICATOR_DIGITS, 2);



As a result, it will display only two decimal places of the indicator value.



For the IndicatorSetString function, there are not relevant indicator properties to it.



With the IndicatorSetString function you can define a short name of the indicator, such as for the MACD indicator:



IndicatorSetString (INDICATOR_SHORTNAME, &quot;MACD (&quot; + string (InpFastEMA) + &quot;,&quot; + string (InpSlowEMA) + &quot;,&quot; + string (InpSignalSMA) + &quot;)&quot;);



Accordingly, a name of the indicator will be displayed in the indicator window as:
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In addition, the IndicatorSetString function allows you to set labels to the levels of the indicator, such as for the RSI indicator:



IndicatorSetString (INDICATOR_LEVELTEXT, 0, &quot;Oversold&quot;);



IndicatorSetString (INDICATOR_LEVELTEXT, 1, &quot;Overbought&quot;);
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With the PlotIndexSetDouble function you can define what a value of the indicator buffer is empty and does not participate in the drawing of the indicator chart.



An indicator diagram is drawn from one non-empty value to another non-empty value of an indicator buffer, null values ​​are ignored. To specify what value should be regarded as &quot;empty&quot;, it is necessary to determine that value in the PLOT_EMPTY_VALUE property. For example, if the indicator should be drawn for non-zero values, then you need to set the zero value as an empty value of an indicator buffer:



PlotIndexSetDouble (index_plot, PLOT_EMPTY_VALUE, 0);



The PlotIndexSetInteger function allows you to programmatically, dynamically set properties of an indicator chart such as code of the arrow for the DRAW_ARROW style, an arrow vertical shift for the DRAW_ARROW style, a number of initial bars without drawing and values ​​in the DataWindow, a type of graphical plot, a sign of display of plot values ​​in the DataWindow, a shift of indicator plot along the time axis in bars, a line style of drawing, a thickness of the line drawing, a number of colors, a buffer index containing a drawing color.



Let's look at each of these properties in order on an example of the Custom Moving Average indicator.



Let’s edit the property indicator_type1 of the indicator Custom Moving Average:



#property indicator_type1 DRAW_ARROW



In the OnInit() function, lets add a call of the PlotIndexSetInteger function, defining different arrow code for the DRAW_ARROW style:



PlotIndexSetInteger (0, PLOT_ARROW, 2);
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PlotIndexSetInteger (0, PLOT_ARROW, 3);
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PlotIndexSetInteger (0, PLOT_ARROW, 4);
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PlotIndexSetInteger (0, PLOT_ARROW, 5);
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PlotIndexSetInteger (0, PLOT_ARROW, 6);
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PlotIndexSetInteger (0, PLOT_ARROW, 7);
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PlotIndexSetInteger (0, PLOT_ARROW, 8);
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PlotIndexSetInteger (0, PLOT_ARROW, 11);
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PlotIndexSetInteger (0, PLOT_ARROW, 12);
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PlotIndexSetInteger (0, PLOT_ARROW, 14);
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PlotIndexSetInteger (0, PLOT_ARROW, 15);
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And so on. I think this will be enough to demonstrate this option.



In the OnInit() function, let’s add a call of the PlotIndexSetInteger function, determining a vertical offset of an arrow for the DRAW_ARROW style:



PlotIndexSetInteger (0, PLOT_ARROW_SHIFT, 0);


[image: ]



PlotIndexSetInteger (0, PLOT_ARROW_SHIFT, 100);
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As a result, the indicator chart moved down.



In the Custom Moving Average indicator, to determine a number of initial bars without drawing and values ​​in the DataWindow, it uses the PlotIndexSetInteger function call:



PlotIndexSetInteger (0, PLOT_DRAW_BEGIN, InpMAPeriod);



where the InpMAPeriod – is a period of the moving average.



The identifier of the property PLOT_DRAW_TYPE of the PlotIndexSetInteger function allows you to programmatically specify the indicator_typeN indicator property, for example:



PlotIndexSetInteger (0, PLOT_DRAW_TYPE, DRAW_ARROW);



And, if, at the same time, it sets the property indicator_typeN and it makes a call of the function PlotIndexSetInteger with the identifier PLOT_DRAW_TYPE – a chart type will be that specified by the function PlotIndexSetInteger.



To remove displaying current values ​​of an indicator chart in the DataWindow when hovering the mouse cursor, you can use the PlotIndexSetInteger function call with the identifier PLOT_SHOW_DATA:



PlotIndexSetInteger (0, PLOT_SHOW_DATA, false);



In the Custom Moving Average indicator, to determine a shift of the indicator graphical plot on the time axis in bars, you can use the PlotIndexSetInteger function call:



PlotIndexSetInteger (0, PLOT_SHIFT, InpMAShift);



When InpMAShift = 0:
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When InpMAShift = 10:
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Such a shift is made to simulate a predictive indicator.



The identifier of the property PLOT_LINE_STYLE of the PlotIndexSetInteger function allows you to programmatically set the indicator property indicator_styleN, a line style of drawing, for example:



PlotIndexSetInteger (0, PLOT_LINE_STYLE, STYLE_DASHDOT);
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The identifier of the property PLOT_LINE_WIDTH of the PlotIndexSetInteger function allows you to programmatically specify the indicator_widthN indicator property, a line width of drawing, for example:



PlotIndexSetInteger (0, PLOT_LINE_WIDTH, 2);



To programmatically set the indicator_colorN indicator property, it allows the function call PlotIndexSetInteger with the identifiers PLOT_COLOR_INDEXES and PLOT_LINE_COLOR, for example:



#property indicator_color1 clrGreen, clrRed



Or



PlotIndexSetInteger (0, PLOT_COLOR_INDEXES, 2);



PlotIndexSetInteger (0, PLOT_LINE_COLOR, 0, clrGreen);



PlotIndexSetInteger (0, PLOT_LINE_COLOR, 1, clrRed);



The PlotIndexSetString function allows you to programmatically set the indicator property indicator_labelN. For example, for the MACD indicator, it will look as follows:



#property indicator_label1 &quot;MACD&quot;



#property indicator_label2 &quot;Signal&quot;



Or



PlotIndexSetString (0, PLOT_LABEL, &quot;MACD&quot;);



PlotIndexSetString (1, PLOT_LABEL, &quot;Signal&quot;);



The above functions of programmatically setting indicator properties can of course be called in the callback OnCalculate, but it does not make sense, as they cannot be applied only to a portion of the indicator chart - they are applied directly to the entire indicator chart. Therefore, in order to save resources, it is best to call these functions in the callback function OnInit().




The OnDeinit() function




Let’s quote the MQL5 guide: A Deinit event occurs for experts and indicators in the following cases:



- Before a re-initialization due to the change of a symbol or a chart’s period, to which a mql5-program is attached;



- Before re-initialization due to the change of input parameters;



- Before unloading a mql5-program.



Since the OnDeinit() function is called when de-initialization, its main purpose is releasing occupied resources.



The release of occupied resources for an indicator means cleansing a symbol chart from additional graphic objects.



That is in addition to an indicator plot, we can add various objects to a symbol chart - lines, graphic shapes: triangle, rectangle, and ellipse, signs, labels, etc. This will be discussed later.



Accordingly, when de-initializing an indicator, it would be a good idea to remove it all from the symbol chart.



The first thing, here the Comment function is used that displays a user-defined comment in the upper left corner of the chart:



void Comment (



   argument, // first value



   ... // following values



   );



To remove comments, you can use an empty comment:



Comment (&quot;&quot;);



Then you can use the ObjectDelete function that removes an object with the specified name from the specified chart:



bool ObjectDelete (



   long chart_id, // chart identifier



   string name // object name



   );



Later, we will demonstrate the use of these functions.




The OnCalculate() function




The OnCalculate() function is called by the client terminal when receiving a new tick for the symbol, for which the indicator is calculated.



Although, the OnCalculate() function has two types - for an indicator, which can be calculated on the basis of only one of price time series:



int OnCalculate (const int rates_total, // size of array price []



const int prev_calculated, // bars handled by the previous call



const int begin, // where the significant data start



const double & price [] // array to calculate



   );



and for an indicator, which is calculated using several price time series:



int OnCalculate (const int rates_total, // size of the input time series



const int prev_calculated, // bars handled by the previous call



const datetime & time [], // Time



const double & open [], // Open



const double & high [], // High



const double & low [], // Low



const double & close [], // Close



const long & tick_volume [], // Tick Volume



const long & volume [], // Real Volume



const int & spread [] // Spread



   );



Here we will use the full version of the OnCalculate() function as the most flexible and provides the greatest opportunity.



The only thing we should note about the truncated function OnCalculate(), is that, it has the option of using a calculated buffer of another indicator as the array price[].



We’ll demonstrate this with the MACD indicator and the Custom Moving Average indicator that uses the just truncated function OnCalculate().



Firstly, attach the MACD indicator to the symbol chart, and then drag the MA in the MACD indicator window:
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Then again, drag the indicator Custom Moving Average in the MACD indicator window, and while the window of Custom Moving Average indicator parameters will be opened:
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In the selection list, what use as an array price[], there are items First Indicator's Data and Previous Indicator's Data.



Here, the item First Indicator's Data means that an array ExtMacdBuffer of the MACD indicator buffer will be used as the array price [], and the item Previous Indicator's Data means that an array ExtLineBuffer of the MA indicator buffer will be used as the array price [].



If you add the following in the function OnCalculate of the Custom Moving Average indicator:



Print (&quot;begin&quot;, begin);



Then if you select the First Indicator's Data, it will be displayed:


[image: ]



And when choosing the Previous Indicator's Data, it will be displayed:
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In the first case, begin = 0, since for the buffer ExtMacdBuffer of the MACD indicator, the function PlotIndexSetInteger with the parameter PLOT_DRAW_BEGIN is not called. In the second case, begin = 12, as for the buffer ExtLineBuffer of the indicator MA, the PlotIndexSetInteger function is called:



PlotIndexSetInteger (0, PLOT_DRAW_BEGIN, InpMAPeriod-1 + begin);



It says that the buffer array ExtLineBuffer of the MA indicator has been filled since the InpMAPeriod-1 bar, respectively a variable value “begin” of the OnCalculate function of the Custom Moving Average indicator is also equal the InpMAPeriod-1.



Let's go back to the full version of the OnCalculate().



As a rule, a code of the OnCalculate() function is designed so that when loading an indicator and at the first call of the OnCalculate() function, indicator buffers have been calculated on the basis of the entire downloaded price history, and the next time when a new tick is received and the OnCalculate() function is called, only one new value will be calculated and added to the end of the indicator buffer array.



But at the beginning of the code of the OnCalculate() function, you should be sure to check whether a sufficient amount of the price history has been loaded when loading an indicator.



To do this, you can check a value of the variable rates_total - the size of the input time series.



Usually, as a threshold value of the rates_total, a period of an indicator is accepted, such as for the indicator ADX:



// --- Checking for bars count



   if (rates_total <ExtADXPeriod)



      return (0);



If a handle of another indicator is involved in the calculation of the indicator buffer, then the number of calculating data is checked for the requested indicator:



// --- Find out the amount of the calculated value
 s
 ​
 ​
 in the indicator



   int calculated = BarsCalculated (handle);



   if (calculated <= 0)



     {



PrintFormat (&quot;BarsCalculated() return %d, error code %d&quot;, calculated, GetLastError());



      return(0);



     }



After checking the initial loaded story for the calculation, the amount of data is calculated that are needed to be calculated in this call of the OnCalculate().



As an example, let’s consider a block of code that is in the MQL5 guide, in the section Technical indicators:



int OnCalculate (const int rates_total,



                const int prev_calculated,



                const datetime & time [],



                const double & open [],



                const double & high [],



                const double & low [],



                const double & close [],



                const long & tick_volume [],



                const long & volume [],



                const int & spread [])



  {



// --- a number of copied value
 s
 ​
 ​
 of the indicator



   int values_to_copy;



// --- find out the amount of the calculated value
 s
 ​
 ​
 in the indicator



   int calculated = BarsCalculated (handle);



   if (calculated <= 0)



     {



      PrintFormat (&quot;BarsCalculated() return %d, error code %d&quot;, calculated, GetLastError());



      return(0);



     }



// --- if this is a first call of the indicator calculation or change a number of value
 s
 ​
 ​
 in the indicator



// --- or if you want to calculate the indicator for two or more bars (which means something has changed in the history)



   if (prev_calculated == 0 || calculated! = bars_calculated || rates_total> prev_calculated + 1)



     {



// --- If the array is larger than the value
 s
 ​
 ​
 in the indicator on the symbol / period pair, do not copy all



// --- Otherwise the copy will be less than the size of the indicator buffers



      if (calculated> rates_total) values_to_copy = rates_total;



      else values_to_copy = calculated;



     }



   else



     {



// --- It means our indicator is calculated not for the first time, and since the last call of the OnCalculate())



// --- Calculation with no more than one bar



      values_to_copy = (rates_total-prev_calculated) +1;



     }



. . .



// --- Memorize the number of value
 s
 ​
 ​
 in the indicator



   bars_calculated = calculated;



// --- Return a prev_calculated value for the next call



   return (rates_total);



  }



Here, the variable values_to_copy – is an amount of calculated values ​​in the call of the OnCalculate().



The variable prev_calculated – is how many bars have been processed by the OnCalculate() function in the previous call.



Thus, when loading an indicator, prev_calculated = 0, and at each next receiving of a new tick, prev_calculated = rates_total.



The variable prev_calculated is also reset by the terminal, if the variable rates_total is suddenly changed.



The variable bars_calculated – is a previous number of calculated data for the requested indicator, on which basis this indicator is calculated.



Thus, the first check here:



prev_calculated == 0 – the indicator has been uploaded or the price history has been changed.



calculated != bars_calculated – a number of calculated data for the requested indicator have been changed.



rates_total> prev_calculated + 1 - the indicator should be calculated for two or more bars (it means, something has changed in the history).



The latter condition is in conflict with the MQL5 guide statement: If since the last call of the OnCalculate() function, the price data have been changed (deeper history has been downloaded or history gaps have been filled), than the input parameter prev_calculated will be set to zero by the terminal.



If the history has changed, then the check will work, prev_calculated == 0, and the check of the last condition is unnecessary.



Now, if the first or second condition will be triggered, then the amount of the calculated values ​​- is the size of the input time series or an amount of calculated data for the requested indicator, on which basis this indicator is calculated, which is less.



If the first or second condition is not triggered, then the amount of the calculated values ​​is:



values_to_copy = (rates_total-prev_calculated) +1;



Again, there is unnecessary code, because, according to the MQL5 guide, the prev_calculated variable can take the value of either 0 or rates_total.



Therefore, values_to_copy = 1.



Thus, when receiving a new tick, only one value of the indicator will be calculated for the new tick.



Let’s consider another implementation of the calculation of an amount of data that must be calculated in the call of the OnCalculate().



For the MACD indicator, it is implemented as follows:



// --- we can copy not all data



   int to_copy;



   if (prev_calculated> rates_total || prev_calculated <0)



to_copy = rates_total;



   else



     {



      to_copy = rates_total-prev_calculated;



      if (prev_calculated> 0) to_copy ++;



     }



Again, according to the MQL5 handbook, there only the code will work:



      to_copy = rates_total-prev_calculated;



      if (prev_calculated> 0) to_copy ++;



That is, when loading an indicator, to_copy = rates_total, and then to_copy = 1.



After calculating an amount of data that must be calculated in the function call OnCalculate(),  the data calculation is made and filling indicator buffers with data.



If an indicator is calculated based on a handle of another indicator, then it copies from buffers of the used indicator in dynamic arrays of this indicator.



That's how it is implemented for the used indicator ADX:



// --- Fill part of the array ADXBuffer by value
 s
 ​
 ​
 of the indicator’s buffer with index 0



   if (CopyBuffer (ind_handle, 0,0, amount, adx_values) <0)



     {



      // --- If the copying fails, print the error code



      PrintFormat (&quot;Failed to copy data from the iADX indicator, the error code %d&quot;, GetLastError());



      // --- Complete with a zero result - this means that the indicator will be considered uncalculated



      return (false);



     }



 



// --- Fill a part of the array DI_plusBuffer by the value
 s
 ​
 ​
 of the indicator’s buffer with the index 1



   if (CopyBuffer (ind_handle, 1,0, amount, DIplus_values) <0)



     {



      // --- If the copying fails, print the error code



      PrintFormat (&quot;Failed to copy data from the iADX indicator, the error code %d&quot;, GetLastError());



      // --- Complete a zero result - this means that the indicator will be considered uncalculated



      return (false);



     }



 



// --- Fill a part of the array DI_plusBuffer by the value
 s
 ​
 ​
 of the indicator’s buffer with the index 2



   if (CopyBuffer (ind_handle, 2,0, amount, DIminus_values) <0)



     {



      // --- If the copying fails, print the error code



      PrintFormat (&quot;Failed to copy data from the iADX indicator, the error code %d&quot;, GetLastError());



      // --- Complete with a zero result - this means that the indicator will be considered uncalculated



      return (false);



     }



Here the ind_handle – is the handle of the ADX, a second parameter – is an index of a buffer of the used indicator, from which the copying is made, and a third parameter – is a starting position from which the copying begins. Here we remember that the copying is done from the end to the beginning, and so the zero starting position is the most recent data. A fourth parameter – is a size of data to be calculated in a function call OnCalculate(), and the last parameter – is usually a dynamic array bound to the indicator’s buffer, to which the copying is done.



There is the question of how to bind a second parameter of the CopyBuffer function with the buffer index of the used indicator.



This is determined by calling the function SetIndexBuffer in the user indicator. For example, for the ADX:



SetIndexBuffer (0, ExtADXBuffer);



SetIndexBuffer (1, ExtPDIBuffer);



SetIndexBuffer (2, ExtNDIBuffer);



From this, the index 0 is associated with a buffer of the indicator ADX, the index 1 is associated with a buffer of the direction indicator + DI, the index 2 is associated with a buffer of the direction indicator -DI.



Thus, to bind a second parameter of the function CopyBuffer with a buffer index of the used indicator, you need to know a code of the used indicator.



Also, to fill an indicator buffer with values, a cycle can be used, for example:



for (int i = start; i <rates_total && !IsStopped(); i++)



     {



. . .



}



Where the start – is a starting position, from which the filling of the indicator’s buffer begins.



If a value of the prev_calculated = 0, then a value of the start is usually 0. If a value of the prev_calculated = rates_total, then a value of the start = prev_calculated-1.



If, however, before the implementation of the cycle, it changes the order of access to the indicator array buffers and prices by the ArraySetAsSeries function, then the cycle will be:



for (int i = start; i> = 0; i--) {



. . .



}



Where the start = rates_total-1 if prev_calculated = 0, and the start = 0 if prev_calculated = rates_total.




An example of creating an indicator




As an example, let’s consider the creation of an indicator, which will implement the forex strategy &quot;Impulse keeper&quot; and will show signals to buy and sell on a chart.



In this strategy, four indicators are used:



- Exponential moving average with a period of 34 at a High price.



- Exponential moving average with a period of 34 at a Low price.



- Exponential moving average with a period of 125 at a Close price.



- Parabolic SAR.
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Buy and sell signals are described as follows in this strategy.



A buy signal: a green candle closes above the EMA34 High and EMA34 Low, a green candle is above the EMA125 and Parabolic SAR.



A sell signal: a red candle closes below the EMA34 Low and EMA34 High, a red candle is below the EMA125 and Parabolic SAR.



Let’s implement this strategy in a code that provides displaying up and down arrows of signals to buy and sell on a chart.



Let’s open the MQL5 editor and from the File menu choose New. In the MQL Wizard, select Custom Indicator and then click Next. Enter a name of the indicator Impulse keeper, author's name and link and click twice Next, and then click Finish.



As a result, we get an indicator code with empty functions OnInit and OnCalculate.



To create an indicator, let’s start by defining its properties.



Define a number of indicator buffers as 8.



2 buffers – are data and color of signals to buy. 2 buffers – are data and color of signals for sale. And 4 buffers for intermediate calculations for copied data from the indicators EMA34 Low, EMA34 High, EMA125, and Parabolic SAR:



#property indicator_buffers 8



We define a number of graphical constructions - 2, one construction for signals to buy and another construction for signals to sale:



#property indicator_plots 2



Let’s define a color and style for both graphical constructions:



#property indicator_color1 clrGreen, clrBlack



#property indicator_type1 DRAW_COLOR_ARROW



#property indicator_color2 clrRed, clrBlack



#property indicator_type2 DRAW_COLOR_ARROW



Next, we define arrays of indicator buffers and handles of used indicators:



double IKBuyBuffer [];



double ColorIKBuyBuffer [];



double IKSellBuffer [];



double ColorIKSellBuffer [];



double EMA34HBuffer [];



double EMA34LBuffer [];



double EMA125Buffer [];



double PSARBuffer [];



 



int EMA34HHandle;



int EMA34LHandle;



int EMA125Handle;



int PSARHandle;



In the OnInit() function, for the first graphical construction, let’s define a type of the arrow - up arrow, empty value, and a shift:



int OnInit ()



  {



  PlotIndexSetInteger (0, PLOT_ARROW, 233);



  PlotIndexSetDouble (0, PLOT_EMPTY_VALUE, 0);



  PlotIndexSetInteger (0, PLOT_ARROW_SHIFT, -10);



For the second graphical construction, let’s define a type of arrow - down arrow, empty value, and a shift:



PlotIndexSetInteger (1, PLOT_ARROW, 234);



PlotIndexSetDouble (1, PLOT_EMPTY_VALUE, 0);



PlotIndexSetInteger (1, PLOT_ARROW_SHIFT, 10);



Let’s associate arrays with buffers of the indicator:



SetIndexBuffer (0, IKBuyBuffer, INDICATOR_DATA);



SetIndexBuffer (1, ColorIKBuyBuffer, INDICATOR_COLOR_INDEX);



   



SetIndexBuffer (2, IKSellBuffer, INDICATOR_DATA);



SetIndexBuffer (3, ColorIKSellBuffer, INDICATOR_COLOR_INDEX);



 



SetIndexBuffer (4, EMA34HBuffer, INDICATOR_CALCULATIONS);



SetIndexBuffer (5, EMA34LBuffer, INDICATOR_CALCULATIONS);



SetIndexBuffer (6, EMA125Buffer, INDICATOR_CALCULATIONS);



SetIndexBuffer (7, PSARBuffer, INDICATOR_CALCULATIONS);



We get the handles of used indicators:



EMA34HHandle = iMA (NULL, 0,34,0, MODE_EMA, PRICE_HIGH);



EMA34LHandle = iMA (NULL, 0,34,0, MODE_EMA, PRICE_LOW);



EMA125Handle = iMA (NULL, 0,125,0, MODE_EMA, PRICE_CLOSE);



PSARHandle = iSAR (NULL, 0,0.02, 0.2);



In the OnCalculate() function, you can check a size of the available history to calculate the used indicators and define a number of copied values ​​of the used indicators, as well as define a starting position of the calculation of the indicator:



int values_to_copy;



   int start;



   int calculated = BarsCalculated (EMA34HHandle);



   if (calculated <= 0)



     {



      return (0);



     }



   if (prev_calculated == 0 || calculated! = bars_calculated)



     {



      start = 1;



      if (calculated> rates_total) values_to_copy = rates_total;



      else values_to_copy = calculated;



     }



   else



     {



     start = rates_total-1;



     values_to_copy = 1;



     }



The bars_calculated variable is defined as a global, int bars_calculated = 0;, in the indicator properties.



Then we copy from buffers of the used indicators in arrays of the indicator buffers:



if(!FillArrayFromMABuffer(EMA34HBuffer,0,EMA34HHandle,values_to_copy)) return(0);     if(!FillArrayFromMABuffer(EMA34LBuffer,0,EMA34LHandle,values_to_copy)) return(0);     if(!FillArrayFromMABuffer(EMA125Buffer,0,EMA125Handle,values_to_copy)) return(0);    



if(!FillArrayFromPSARBuffer(PSARBuffer,PSARHandle,values_to_copy)) return(0);



Here, the FillArrayFromMABuffer and FillArrayFromPSARBuffer – are user-defined functions, which are defined outside the function OnCalculate():



// + ----------------------------------------------- ------------------- +



bool FillArrayFromPSARBuffer (



double & sar_buffer [], // indicator buffer of Parabolic SAR values



int ind_handle, // indicator handle iSAR



int amount // number of copied values



                         )



  {



   ResetLastError ();



   if (CopyBuffer (ind_handle, 0,0, amount, sar_buffer) <0)



     {



          return (false);



     }



   return (true);



  }



// + ----------------------------------------------- ------------------- +



bool FillArrayFromMABuffer (



double & value
 s
 ​
 ​
 [], // indicator buffer of value
 s
 ​
 ​
 Moving Average



int shift, // offset



int ind_handle, // handle of the iMA indicator



int amount // number of copied values



                         )



  {



   ResetLastError ();



   if (CopyBuffer (ind_handle, 0, -shift, amount, values) <0)



     {



         return (false);



     }



   return (true);



  }



Then, in the OnCalculate(), we fill the indicator buffers with data and color:



for(int i=start;i<rates_total && !IsStopped();i++)



     {



     IKBuyBuffer[i-1]=0;



     ColorIKBuyBuffer[i-1]=1;



 



     IKSellBuffer[i-1]=0;



     ColorIKSellBuffer[i-1]=1;



 



if(close[i-1]>open[i-1]&&close[i-1]>EMA34HBuffer[i-1]&&close[i-1]>EMA34LBuffer[i-1]&&low[i-1]>EMA125Buffer[i-1]&&low[i-1]>PSARBuffer[i-1]&&EMA125Buffer[i-1]<EMA34LBuffer[i-1]&&EMA125Buffer[i-1]<EMA34HBuffer[i-1]){



     IKBuyBuffer[i-1]=high[i-1];



     ColorIKBuyBuffer[i-1]=0;     



     }



 



if(close[i-1]<open[i-1]&&close[i-1]<EMA34HBuffer[i-1]&&close[i-1]<EMA34LBuffer[i-1]&&high[i-1]<EMA125Buffer[i-1]&&high[i-1]<PSARBuffer[i-1]&&EMA125Buffer[i-1]>EMA34LBuffer[i-1]&&EMA125Buffer[i-1]>EMA34HBuffer[i-1]){



     IKSellBuffer[i-1]=low[i-1];



     ColorIKSellBuffer[i-1]=0;      



     }    



     }    



     bars_calculated=calculated;



//--- return value of prev_calculated for next call



   return(rates_total);



  }



Here we calculate an indicator based on the previous bar, as the close price at the current bar - is the current price of a tick.



We compile the code and attach the indicator to the chart:
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We will see that, in general, the indicator gives the right signals to buy and sell, although in some cases it is late and gives false signals:
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As we can see, it happens because of the trend line EMA125.



Let's try to untie it from the current period and try to determine a trend, say, on the daily chart:



EMA125Handle = iMA (NULL, PERIOD_D1,125,0, MODE_EMA, PRICE_CLOSE);



At the same time, the lag, of course, will be decreased, but a number of false signals will increase:
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Probably to improve this strategy, you need to use additional indicators.



Let's try to make this indicator, not by means of graphical constructions, but placing graphical objects on the symbol chart.



In the properties of the indicator, you no longer need to declare data buffers and colors of the indicator and plots for it. Leaving only the indicator buffers for intermediate calculations and the handles of the used indicators:



#property indicator_chart_window



#property indicator_buffers 4



double EMA34HBuffer [];



double EMA34LBuffer [];



double EMA125Buffer [];



double PSARBuffer [];



int EMA34HHandle;



int EMA34LHandle;



int EMA125Handle;



int PSARHandle;



int bars_calculated = 0;



In the OnInit() function, respectively, we leave only the binding arrays to the buffers of the intermediate calculations and getting handles of the used indicators:



int OnInit ()



  {



// --- Indicator buffers mapping



   SetIndexBuffer (0, EMA34HBuffer, INDICATOR_CALCULATIONS);



   SetIndexBuffer (1, EMA34LBuffer, INDICATOR_CALCULATIONS);



   SetIndexBuffer (2, EMA125Buffer, INDICATOR_CALCULATIONS);



   SetIndexBuffer (3, PSARBuffer, INDICATOR_CALCULATIONS);



   



   EMA34HHandle = iMA (NULL, 0,34,0, MODE_EMA, PRICE_HIGH);



   EMA34LHandle = iMA (NULL, 0,34,0, MODE_EMA, PRICE_LOW);



   EMA125Handle = iMA (NULL, 0,125,0, MODE_EMA, PRICE_CLOSE);



   PSARHandle = iSAR (NULL, 0,0.02, 0.2);



// ---



   return (INIT_SUCCEEDED);



  }



In the OnCalculate() function, let’s create objects in the symbol graph:



int OnCalculate(const int rates_total,



                const int prev_calculated,



                const datetime &time[],



                const double &open[],



                const double &high[],



                const double &low[],



                const double &close[],



                const long &tick_volume[],



                const long &volume[],



                const int &spread[])



  {



//---



int values_to_copy;



   int start;



   int calculated=BarsCalculated(EMA34HHandle);



   if(calculated<=0)



     {     



      return(0);



     }



   if(prev_calculated==0 || calculated!=bars_calculated)



     {



      start=1;



      if(calculated>rates_total) values_to_copy=rates_total;



      else                       values_to_copy=calculated;



     }



   else



     {



     start=rates_total-1;



     values_to_copy=1;



     }     if(!FillArrayFromMABuffer(EMA34HBuffer,0,EMA34HHandle,values_to_copy)) return(0);     if(!FillArrayFromMABuffer(EMA34LBuffer,0,EMA34LHandle,values_to_copy)) return(0);     if(!FillArrayFromMABuffer(EMA125Buffer,0,EMA125Handle,values_to_copy)) return(0);    



if(!FillArrayFromPSARBuffer(PSARBuffer,PSARHandle,values_to_copy)) return(0);    



 



     for(int i=start;i<rates_total && !IsStopped();i++)



     {        



if(close[i-1]>open[i-1]&&close[i-1]>EMA34HBuffer[i-1]&&close[i-1]>EMA34LBuffer[i-1]&&low[i-1]>EMA125Buffer[i-1]&&low[i-1]>PSARBuffer[i-1]&&EMA125Buffer[i-1]<EMA34LBuffer[i-1]&&EMA125Buffer[i-1]<EMA34HBuffer[i-1]){



     if(!ObjectCreate(0,&quot;Buy&quot;+i,OBJ_ARROW,0,time[i-1],high[i-1]))



     {     



      return(false);



     }    



      ObjectSetInteger(0,&quot;Buy&quot;+i,OBJPROP_COLOR,clrGreen);



      ObjectSetInteger(0,&quot;Buy&quot;+i,OBJPROP_ARROWCODE,233);



      ObjectSetInteger(0,&quot;Buy&quot;+i,OBJPROP_WIDTH,2);



      ObjectSetInteger(0,&quot;Buy&quot;+i,OBJPROP_ANCHOR,ANCHOR_UPPER);



      ObjectSetInteger(0,&quot;Buy&quot;+i,OBJPROP_HIDDEN,true);



      ObjectSetString(0,&quot;Buy&quot;+i,OBJPROP_TOOLTIP,””+close[i-1]);   



     }    



if(close[i-1]<open[i-1]&&close[i-1]<EMA34HBuffer[i-1]&&close[i-1]<EMA34LBuffer[i-1]&&high[i-1]<EMA125Buffer[i-1]&&high[i-1]<PSARBuffer[i-1]&&EMA125Buffer[i-1]>EMA34LBuffer[i-1]&&EMA125Buffer[i-1]>EMA34HBuffer[i-1]){



     if(!ObjectCreate(0,&quot;Sell&quot;+i,OBJ_ARROW,0,time[i-1],low[i-1]))



     {     



      return(false);



     }    



      ObjectSetInteger(0,&quot;Sell&quot;+i,OBJPROP_COLOR,clrRed);



      ObjectSetInteger(0,&quot;Sell&quot;+i,OBJPROP_ARROWCODE,234);



      ObjectSetInteger(0,&quot;Sell&quot;+i,OBJPROP_WIDTH,2);



      ObjectSetInteger(0,&quot;Sell&quot;+i,OBJPROP_ANCHOR,ANCHOR_LOWER);



      ObjectSetInteger(0,&quot;Sell&quot;+i,OBJPROP_HIDDEN,true);



      ObjectSetString(0,&quot;Sell&quot;+i,OBJPROP_TOOLTIP,””+close[i-1]);



     }    



     }    



     bars_calculated=calculated;



//--- return value of prev_calculated for next call



   return(rates_total);



  }



Here, arrow objects are created by the function ObjectCreate, which are time-bound and bound to the maximum or minimum price.



The function ObjectSetInteger with OBJPROP_COLOR property determines a color of the arrow.



The function ObjectSetInteger with the property OBJPROP_ARROWCODE determines a direction of the arrow up or down.



The function ObjectSetInteger with the property OBJPROP_WIDTH determines a size of the object.



The function ObjectSetInteger with the property OBJPROP_ANCHOR determines a binding to a price above or below the center.



The function ObjectSetInteger with the OBJPROP_HIDDEN property - true determines an absence of created objects in the object list of symbol chart.



The function ObjectSetString with the property OBJPROP_TOOLTIP determines the content of the tooltip when you hover the object.



In the OnDeinit() function, let’s remove all added graphical objects:



void OnDeinit (const int reason) {



ObjectsDeleteAll (0, -1, -1);



}



We'll talk about creating objects on the symbol chart in more detail later.




Graphical objects




As it has been shown before, we can draw not only an indicator chart on the symbol graph, but also add a variety of graphical objects using the ObjectCreate function:



bool ObjectCreate (



   long chart_id, // chart identifier



   string name, // object name



   ENUM_OBJECT type, // object type



   int sub_window, // window index



   datetime time1, // time of the first anchor point



   double price1, // price of the first anchor point



   ...



   datetime timeN = 0, // time of the N-th anchor point



   double priceN = 0, // price of the N-th anchor point



   ...



   datetime time30 = 0, // time of the 30-th anchor point



   double price30 = 0 // price of the 30-the anchor point



   );



Here, the sub_window parameter is an index of the main window of the symbol chart with the value of 0 or an index of the sub-window of other indicator attached to the symbol chart.



For example, if in the previous example, we change the code, and attach, for example, the ADX indicator to a symbol chart, we can see the following:



for(int i=start;i<rates_total && !IsStopped();i++)



     {        



if(close[i-1]>open[i-1]&&close[i-1]>EMA34HBuffer[i-1]&&close[i-1]>EMA34LBuffer[i-1]&&low[i-1]>EMA125Buffer[i-1]&&low[i-1]>PSARBuffer[i-1]&&EMA125Buffer[i-1]<EMA34LBuffer[i-1]&&EMA125Buffer[i-1]<EMA34HBuffer[i-1]){



     if(!ObjectCreate(0,&quot;Buy&quot;+i,OBJ_ARROW,0,time[i-1],high[i-1]))



     {     



      return(false);



     }



    
 if(!ObjectCreate(0,&quot;Buy1&quot;+i,OBJ_ARROW,1,time[i-1],high[i-1]))



     {     



      return(false);



     }



      ObjectSetInteger(0,&quot;Buy&quot;+i,OBJPROP_COLOR,clrGreen);



      ObjectSetInteger(0,&quot;Buy&quot;+i,OBJPROP_ARROWCODE,233);



      ObjectSetInteger(0,&quot;Buy&quot;+i,OBJPROP_WIDTH,2);



      ObjectSetInteger(0,&quot;Buy&quot;+i,OBJPROP_ANCHOR,ANCHOR_UPPER);



      ObjectSetInteger(0,&quot;Buy&quot;+i,OBJPROP_HIDDEN,true);



      ObjectSetString(0,&quot;Buy&quot;+i,OBJPROP_TOOLTIP,close[i-1]);



 



     
 ObjectSetInteger(0,&quot;Buy1&quot;+i,OBJPROP_COLOR,clrGreen);



      ObjectSetInteger(0,&quot;Buy1&quot;+i,OBJPROP_ARROWCODE,233);



      ObjectSetInteger(0,&quot;Buy1&quot;+i,OBJPROP_WIDTH,2);



      ObjectSetInteger(0,&quot;Buy1&quot;+i,OBJPROP_ANCHOR,ANCHOR_UPPER);



      ObjectSetInteger(0,&quot;Buy1&quot;+i,OBJPROP_HIDDEN,true);



      ObjectSetString(0,&quot;Buy1&quot;+i,OBJPROP_TOOLTIP,close[i-1]);



     }    



     if(close[i-1]<open[i-1]&&close[i-1]<EMA34HBuffer[i-1]&&close[i-1]<EMA34LBuffer[i-1]&&high[i-1]<EMA125Buffer[i-1]&&high[i-1]<PSARBuffer[i-1]&&EMA125Buffer[i-1]>EMA34LBuffer[i-1]&&EMA125Buffer[i-1]>EMA34HBuffer[i-1]){



     if(!ObjectCreate(0,&quot;Sell&quot;+i,OBJ_ARROW,0,time[i-1],low[i-1]))



     {     



      return(false);



     }



    
 if(!ObjectCreate(0,&quot;Sell1&quot;+i,OBJ_ARROW,1,time[i-1],low[i-1]))



     {     



      return(false);



     }



      ObjectSetInteger(0,&quot;Sell&quot;+i,OBJPROP_COLOR,clrRed);



      ObjectSetInteger(0,&quot;Sell&quot;+i,OBJPROP_ARROWCODE,234);



      ObjectSetInteger(0,&quot;Sell&quot;+i,OBJPROP_WIDTH,2);



      ObjectSetInteger(0,&quot;Sell&quot;+i,OBJPROP_ANCHOR,ANCHOR_LOWER);



      ObjectSetInteger(0,&quot;Sell&quot;+i,OBJPROP_HIDDEN,true);



      ObjectSetString(0,&quot;Sell&quot;+i,OBJPROP_TOOLTIP,close[i-1]);



 



     
 ObjectSetInteger(0,&quot;Sell1&quot;+i,OBJPROP_COLOR,clrRed);



      ObjectSetInteger(0,&quot;Sell1&quot;+i,OBJPROP_ARROWCODE,234);



      ObjectSetInteger(0,&quot;Sell1&quot;+i,OBJPROP_WIDTH,2);



      ObjectSetInteger(0,&quot;Sell1&quot;+i,OBJPROP_ANCHOR,ANCHOR_LOWER);



      ObjectSetInteger(0,&quot;Sell1&quot;+i,OBJPROP_HIDDEN,true);



      ObjectSetString(0,&quot;Sell1&quot;+i,OBJPROP_TOOLTIP,close[i-1]);



     }    



     }
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The numbering of the sub-windows is from top to bottom in the display order.



A type of the displayed object is given by the enumeration ENUM_OBJECT, which can be found in the MQL5 guide.



After adding graphic objects, do not forget to remove them in the OnDeinit() callback function, using the function ObjectDelete:



bool ObjectDelete (



   long chart_id, // chart identifier



   string name // object name



   );



Or using the function ObjectsDeleteAll:



int ObjectsDeleteAll (



   long chart_id, // chart identifier



   int sub_window = -1, // window index



   int type = -1 // object type



   );



In addition to the above functions ObjectCreate, ObjectDelete and ObjectsDeleteAll, the MQL5 provides a set of functions for working with graphical objects: ObjectName, ObjectFind, ObjectGetTimeByValue, ObjectGetValueByTime, ObjectMove, ObjectsTotal, ObjectGetDouble, ObjectGetInteger, ObjectGetString, ObjectSetDouble, ObjectSetInteger, ObjectSetString, TextSetFont, TextOut, TextGetSize.



The functions ObjectName, ObjectFind, ObjectGetTimeByValue, ObjectGetValueByTime, ObjectsTotal, ObjectGetDouble, ObjectGetInteger, ObjectGetString, TextGetSize – are the functions that return information.



The functions ObjectSetDouble, ObjectSetInteger, ObjectSetString, TextSetFont – are the functions that set properties of an object.



The ObjectMove function moves an object in the window.



The TextOut function outputs text in a pixel array to display by the object OBJ_BITMAP_LABEL or OBJ_BITMAP.



After adding graphical objects, it is recommended to forcibly redraw the symbol graph with the ChartRedraw function:



void ChartRedraw (



   long chart_id = 0 // chart identifier



   );



The ObjectCreate function allows you to create programmatically graphic objects that you can manually draw on a symbol chart, using the client terminal toolbar.



With the ObjectSetDouble function you can set such properties of a graphic object as OBJPROP_PRICE - changing the parameter price of the ObjectCreate function, OBJPROP_LEVELVALUE - a definition of levels for objects such as the tools Fibonacci and Andrews Pitchfork, OBJPROP_SCALE – a definition of scale for such objects as the tools Gann and Fibonacci Arcs, OBJPROP_ANGLE – a definition of an angle of the object, i.e. the ability to rotate the object, which initially is not restricted, for example, to rotate text, OBJPROP_DEVIATION – a definition of deviation for the object Standard Deviation Channel.



An example of using the OBJPROP_PRICE:



int OnCalculate(const int rates_total,



                const int prev_calculated,



                const datetime &time[],



                const double &open[],



                const double &high[],



                const double &low[],



                const double &close[],



                const long &tick_volume[],



                const long &volume[],



                const int &spread[])



  {



//---



ArraySetAsSeries(time, true);



ArraySetAsSeries(high, true);



ArraySetAsSeries(low, true);



ArraySetAsSeries(close, true);



ObjectDelete(0,&quot;Price&quot;);



    if(!ObjectCreate(0,&quot;Price&quot;,OBJ_HLINE,0,time[1],close[1]))



     {     



      return(false);



     }         



      ObjectSetInteger(0,&quot;Price&quot;,OBJPROP_COLOR,clrGreen);  



      ObjectSetInteger(0,&quot;Price&quot;,OBJPROP_WIDTH,1);



      ObjectSetString(0,&quot;Price&quot;,OBJPROP_TOOLTIP,close[1]);     



      if (open[1]>close[1])



      ObjectSetDouble(0,&quot;Price&quot;,OBJPROP_PRICE,low[1]);      



      if (open[1]<close[1])



      ObjectSetDouble(0,&quot;Price&quot;,OBJPROP_PRICE,high[1]);     



//--- return value of prev_calculated for next call



   return(rates_total);



  }



//+------------------------------------------------------------------+



void  OnDeinit(const int reason){



ObjectsDeleteAll(0,-1,-1);



}



This code creates a horizontal level that indicates a minimum or maximum price of the previous bar, depending on whether the bar is bullish or bearish.



An example of using the OBJPROP_ANGLE:



int OnCalculate(const int rates_total,



                const int prev_calculated,



                const datetime &time[],



                const double &open[],



                const double &high[],



                const double &low[],



                const double &close[],



                const long &tick_volume[],



                const long &volume[],



                const int &spread[])



  {



//---



ArraySetAsSeries(time, true);



ArraySetAsSeries(high, true);



ArraySetAsSeries(low, true);



ArraySetAsSeries(close, true);



ObjectDelete(0,&quot;Line&quot;);



ObjectDelete(0,&quot;Price&quot;);



    if(!ObjectCreate(0,&quot;Line&quot;,OBJ_VLINE,0,time[1],close[1]))



     {     



      return(false);



     }         



      ObjectSetInteger(0,&quot;Line&quot;,OBJPROP_COLOR,clrBlue);  



      ObjectSetInteger(0,&quot;Line&quot;,OBJPROP_WIDTH,1);



      ObjectSetString(0,&quot;Line&quot;,OBJPROP_TOOLTIP,close[1]);



 



      if(!ObjectCreate(0,&quot;Price&quot;,OBJ_TEXT,0,time[3],high[1]))



     {     



      return(false);



     }



      ObjectSetString(0,&quot;Price&quot;,OBJPROP_TEXT,close[1]);   



      ObjectSetInteger(0,&quot;Price&quot;,OBJPROP_COLOR,clrBlack);  



      ObjectSetDouble(0,&quot;Price&quot;,OBJPROP_ANGLE,90); 



      ObjectSetString(0,&quot;Price&quot;,OBJPROP_TOOLTIP,close[1]);    



 



//--- return value of prev_calculated for next call



   return(rates_total);



  }



//+------------------------------------------------------------------+



void  OnDeinit(const int reason){



ObjectsDeleteAll(0,-1,-1);



}



This code creates a vertical line with a label of a closing price of the previous bar.



With the ObjectSetInteger function, you can set such properties of a graphic object, such as color, style, size, etc.



With the ObjectSetString function, you can change a name of an object, and the object with the old name will be deleted and an object with a new name will be created; you can set a text to objects such as text, buttons, labels, text boxes, events; you can set a tooltip text for an object, a description of a level of objects with levels; you can set a font, a name of a BMP-file for the object &quot;Graphic Label&quot; and &quot;Picture&quot;, a symbol of the object &quot;Chart&quot;.



The TextSetFont function allows you to set a type of text font, its size, style and angle for objects containing text.



As already mentioned, the TextOut function allows you to combine text and images. For example, the following code displays a text in an image that is filled with one color:



uint ExtImg[10000];



//+------------------------------------------------------------------+



//| Custom indicator initialization function                         |



//+------------------------------------------------------------------+



int OnInit()



  {



ObjectCreate(0,&quot;Image&quot;,OBJ_BITMAP_LABEL,0,0,0);



ObjectSetString(0,&quot;Image&quot;,OBJPROP_BMPFILE,&quot;::IMG&quot;); 



ArrayFill(ExtImg,0,10000,0xffffff);  



TextOut(&quot;Text&quot;,10,10,TA_LEFT|TA_TOP,ExtImg,100,100,0x000000,COLOR_FORMAT_XRGB_NOALPHA);



ResourceCreate(&quot;::IMG&quot;,ExtImg,100,100,0,0,0,COLOR_FORMAT_XRGB_NOALPHA);



ChartRedraw();



//---



   return(INIT_SUCCEEDED);



  }



Here, the ExtImg is a pixel array representing an image of 100x100 pixels.



The ObjectCreate function creates an object &quot;Graphical Label&quot;, and the ObjectSetString function sets the image file with the name “::IMG” for the object. Regarding the sign &quot;::&quot; the MQL5 guide says: To use a custom resource in the code, you need to add a special sign &quot;::&quot; before a resource name.



The ArrayFill function fills the pixel array with white pixels.



The TextOut function outputs the word &quot;Text&quot; in the pixel array.



The ResourceCreate function creates a resource with the name “::IMG” from the pixel array.



As a result, the &quot;Text&quot; label is displayed up on a white background.



You can also display a text on a particular image:



#resource &quot;\\Images\\image.bmp&quot;



uint ExtImg[10000];



//+------------------------------------------------------------------+



//| Custom indicator initialization function                         |



//+------------------------------------------------------------------+



int OnInit()



  {



ObjectCreate(0,&quot;Image&quot;,OBJ_BITMAP_LABEL,0,0,0);



ObjectSetString(0,&quot;Image&quot;,OBJPROP_BMPFILE,&quot;::IMG&quot;); 



uint width=100;



uint height=100;



ResourceReadImage(&quot;::Images\\image.bmp&quot;,ExtImg,width,height);  



TextOut(&quot;Text&quot;,10,10,TA_LEFT|TA_TOP,ExtImg,100,100,0xffffff,COLOR_FORMAT_XRGB_NOALPHA);



ResourceCreate(&quot;::IMG&quot;,ExtImg,100,100,0,0,0,COLOR_FORMAT_XRGB_NOALPHA);



ChartRedraw();



//---



   return(INIT_SUCCEEDED);



  }



Here, the ResourceReadImage function reads an existing image from the folder Images of the window Navigator of the MQL5 editor to the pixel array “::IMG” associated with the object &quot;Graphical Label&quot;, and the TextOut function outputs the word &quot;Text&quot; in the pixel array.



The same can be done with the object &quot;Picture&quot;:



#resource &quot;\\Images\\image.bmp&quot;



uint ExtImg[10000];



//+------------------------------------------------------------------+



//| Custom indicator initialization function                         |



//+------------------------------------------------------------------+



int OnInit()



  {



//---



   return(INIT_SUCCEEDED);



  }



//+------------------------------------------------------------------+



//| Custom indicator iteration function                              |



//+------------------------------------------------------------------+



int OnCalculate(const int rates_total,



                const int prev_calculated,



                const datetime &time[],



                const double &open[],



                const double &high[],



                const double &low[],



                const double &close[],



                const long &tick_volume[],



                const long &volume[],



                const int &spread[])



  {



//---



ArraySetAsSeries(time, true);



ArraySetAsSeries(high, true);



ArraySetAsSeries(low, true);



ArraySetAsSeries(close, true);



ObjectDelete(0,&quot;Image&quot;);



ObjectCreate(0,&quot;Image&quot;,
 OBJ_BITMAP
 ,0,time[1],close[1]);



ObjectSetString(0,&quot;Image&quot;,OBJPROP_BMPFILE,&quot;::IMG&quot;); 



uint width=100;



uint height=100;



ResourceReadImage(&quot;::Images\\image.bmp&quot;,ExtImg,width,height);  



TextOut(&quot;Text&quot;,10,10,TA_LEFT|TA_TOP,ExtImg,100,100,0xffffff,COLOR_FORMAT_XRGB_NOALPHA);



ResourceCreate(&quot;::IMG&quot;,ExtImg,100,100,0,0,0,COLOR_FORMAT_XRGB_NOALPHA);



ChartRedraw();



//--- return value of prev_calculated for next call



   return(rates_total);



  }



//+------------------------------------------------------------------+



void  OnDeinit(const int reason){



ObjectsDeleteAll(0,-1,-1);



} 



As an example of using graphical objects, let’s consider a creation of an indicator that displays the same plot in a small window on the symbol chart, but with a different time period.



To do this, you can use a graphical object OBJ_CHART.



As input parameters of an indicator, you can use a chart’s symbol and its period:



#property indicator_chart_window



 



input string InpSymbol = &quot;EURUSD&quot;; // symbol



input ENUM_TIMEFRAMES InpPeriod = PERIOD_CURRENT; // period



In the OnInit() function, let’s create a graphical object “Chart”:



int OnInit ()



  {



  if (! ObjectCreate (0, &quot;Chart&quot;, OBJ_CHART, 0,0,0))



     {



           return (false);



     }



By default, the anchor point of the object – is the top left corner of the chart.



We define an offset of the object anchor point, its size, symbol and chart’s period, time scale displaying, a size of the anchor point that can be used to move the object, displaying the price scale, mouse mode moving, a color of the chart frame:



ObjectSetInteger (0, &quot;Chart&quot;, OBJPROP_XDISTANCE, 10);



ObjectSetInteger (0, &quot;Chart&quot;, OBJPROP_YDISTANCE, 20);



ObjectSetInteger (0, &quot;Chart&quot;, OBJPROP_XSIZE, 300);



ObjectSetInteger (0, &quot;Chart&quot;, OBJPROP_YSIZE, 200);



ObjectSetString (0, &quot;Chart&quot;, OBJPROP_SYMBOL, InpSymbol);



ObjectSetInteger (0, &quot;Chart&quot;, OBJPROP_PERIOD, InpPeriod);



ObjectSetInteger (0, &quot;Chart&quot;, OBJPROP_DATE_SCALE, true);



ObjectSetInteger (0, &quot;Chart&quot;, OBJPROP_WIDTH, 1);



ObjectSetInteger (0, &quot;Chart&quot;, OBJPROP_PRICE_SCALE, true);



ObjectSetInteger (0, &quot;Chart&quot;, OBJPROP_SELECTABLE, true);



ObjectSetInteger (0, &quot;Chart&quot;, OBJPROP_SELECTED, true);



ObjectSetInteger (0, &quot;Chart&quot;, OBJPROP_COLOR, clrBlue);



Using the property of objects OBJPROP_CHART_ID of the ObjectGetInteger function, you can obtain ID of the chart, using which you can now use functions to work with charts (https://www.mql5.com/en/docs/chart_operations) and properties of charts (https://www.mql5.com/en/docs/constants/chartconstants/enum_chart_property):



long chartId = ObjectGetInteger (0, &quot;Chart&quot;, OBJPROP_CHART_ID);



Let's open our symbol cart, to which we want to attach an indicator and clicking the right mouse button, select the Templates and Save template from the context menu.



Now we can put all the settings and indicators of the symbol chart to our graphical object:



ChartApplyTemplate (chartId, &quot;my.tpl&quot;);



ChartRedraw (chartId);



// ---



   return (INIT_SUCCEEDED);



  }



Adding an indicator to a symbol chart, we can click on it with the right mouse button and change its properties, including its period, size and others.




The PlaySound function




The PlaySound function plays a sound file. For example, this can be done when firing a signal of an indicator to remind you:



bool PlaySound (



   string filename // the name of the WAV-file



   );



As an example, let’s add a beep to our Impulse keeper indicator when firing a first signal to buy or sell.



Download some WAV-signal from the Internet and put it in the file folder Sounds of the terminal.



Add the code in the indicator Impulse keeper:



#property indicator_chart_window



#property indicator_buffers 4



 



double EMA34HBuffer[];



double EMA34LBuffer[];



double EMA125Buffer[];



double PSARBuffer[];



 



int EMA34HHandle;



int EMA34LHandle;



int EMA125Handle;



int PSARHandle;



 



int    bars_calculated=0;



 



int countBuy=0;



int countSell=0;



//+------------------------------------------------------------------+



//| Custom indicator initialization function                         |



//+------------------------------------------------------------------+



int OnInit()



  {



//--- indicator buffers mapping



   SetIndexBuffer(0,EMA34HBuffer,INDICATOR_CALCULATIONS);



   SetIndexBuffer(1,EMA34LBuffer,INDICATOR_CALCULATIONS);



   SetIndexBuffer(2,EMA125Buffer,INDICATOR_CALCULATIONS);



   SetIndexBuffer(3,PSARBuffer,INDICATOR_CALCULATIONS);



 



   EMA34HHandle=iMA(NULL,0,34,0,MODE_EMA,PRICE_HIGH);



   EMA34LHandle=iMA(NULL,0,34,0,MODE_EMA,PRICE_LOW);



   EMA125Handle=iMA(NULL,0,125,0,MODE_EMA,PRICE_CLOSE);



   PSARHandle=iSAR(NULL,0,0.02, 0.2);



 



//---



   return(INIT_SUCCEEDED);



  }



//+------------------------------------------------------------------+



//| Custom indicator iteration function                              |



//+------------------------------------------------------------------+



int OnCalculate(const int rates_total,



                const int prev_calculated,



                const datetime &time[],



                const double &open[],



                const double &high[],



                const double &low[],



                const double &close[],



                const long &tick_volume[],



                const long &volume[],



                const int &spread[])



  {



//---



int values_to_copy;



   int start;



 



   int calculated=BarsCalculated(EMA34HHandle);



   if(calculated<=0)



     {     



      return(0);



     }



 



   if(prev_calculated==0 || calculated!=bars_calculated)



     {



      start=1;



      if(calculated>rates_total) values_to_copy=rates_total;



      else                       values_to_copy=calculated;



     }



   else



     {



     start=rates_total-1;



     values_to_copy=1;



     }    



     if(!FillArrayFromMABuffer(EMA34HBuffer,0,EMA34HHandle,values_to_copy)) return(0);     if(!FillArrayFromMABuffer(EMA34LBuffer,0,EMA34LHandle,values_to_copy)) return(0);     if(!FillArrayFromMABuffer(EMA125Buffer,0,EMA125Handle,values_to_copy)) return(0);    



if(!FillArrayFromPSARBuffer(PSARBuffer,PSARHandle,values_to_copy)) return(0);         



 



     for(int i=start;i<rates_total && !IsStopped();i++)



     {



 



if(close[i-1]>open[i-1]&&close[i-1]>EMA34HBuffer[i-1]&&close[i-1]>EMA34LBuffer[i-1]&&low[i-1]>EMA125Buffer[i-1]&&low[i-1]>PSARBuffer[i-1]&&EMA125Buffer[i-1]<EMA34LBuffer[i-1]&&EMA125Buffer[i-1]<EMA34HBuffer[i-1]){



     if(!ObjectCreate(0,&quot;Buy&quot;+i,OBJ_ARROW,0,time[i-1],high[i-1]))



     {     



      return(false);



     }    



      ObjectSetInteger(0,&quot;Buy&quot;+i,OBJPROP_COLOR,clrGreen);



      ObjectSetInteger(0,&quot;Buy&quot;+i,OBJPROP_ARROWCODE,233);



      ObjectSetInteger(0,&quot;Buy&quot;+i,OBJPROP_WIDTH,2);



      ObjectSetInteger(0,&quot;Buy&quot;+i,OBJPROP_ANCHOR,ANCHOR_UPPER);



      ObjectSetInteger(0,&quot;Buy&quot;+i,OBJPROP_HIDDEN,true);



      ObjectSetString(0,&quot;Buy&quot;+i,OBJPROP_TOOLTIP,close[i-1]);    



     }



 



    
 if (start!=1){    



if(close[i-1]>open[i-1]&&close[i-1]>EMA34HBuffer[i-1]&&close[i-1]>EMA34LBuffer[i-1]&&low[i-1]>EMA125Buffer[i-1]&&low[i-1]>PSARBuffer[i-1]&&EMA125Buffer[i-1]<EMA34LBuffer[i-1]&&EMA125Buffer[i-1]<EMA34HBuffer[i-1]){



      countBuy++;



      if (countBuy==1)PlaySound(&quot;chime.wav&quot;);



      }else{



     countBuy=0;



     }



 



if(close[i-1]<open[i-1]&&close[i-1]<EMA34HBuffer[i-1]&&close[i-1]<EMA34LBuffer[i-1]&&high[i-1]<EMA125Buffer[i-1]&&high[i-1]<PSARBuffer[i-1]&&EMA125Buffer[i-1]>EMA34LBuffer[i-1]&&EMA125Buffer[i-1]>EMA34HBuffer[i-1]){



      countSell++;      



      if (countSell==1)PlaySound(&quot;chime.wav&quot;);   



      }else{



     countSell=0;



     }



     }



 



if(close[i-1]<open[i-1]&&close[i-1]<EMA34HBuffer[i-1]&&close[i-1]<EMA34LBuffer[i-1]&&high[i-1]<EMA125Buffer[i-1]&&high[i-1]<PSARBuffer[i-1]&&EMA125Buffer[i-1]>EMA34LBuffer[i-1]&&EMA125Buffer[i-1]>EMA34HBuffer[i-1]){



     if(!ObjectCreate(0,&quot;Sell&quot;+i,OBJ_ARROW,0,time[i-1],low[i-1]))



     {     



      return(false);



     }    



      ObjectSetInteger(0,&quot;Sell&quot;+i,OBJPROP_COLOR,clrRed);



      ObjectSetInteger(0,&quot;Sell&quot;+i,OBJPROP_ARROWCODE,234);



      ObjectSetInteger(0,&quot;Sell&quot;+i,OBJPROP_WIDTH,2);



      ObjectSetInteger(0,&quot;Sell&quot;+i,OBJPROP_ANCHOR,ANCHOR_LOWER);



      ObjectSetInteger(0,&quot;Sell&quot;+i,OBJPROP_HIDDEN,true);



      ObjectSetString(0,&quot;Sell&quot;+i,OBJPROP_TOOLTIP,close[i-1]);      



     }    



     }  



 



     bars_calculated=calculated;



//--- return value of prev_calculated for next call



   return(rates_total);



  }



//+------------------------------------------------------------------+



bool FillArrayFromPSARBuffer(double &sar_buffer[], 



int ind_handle,       



int amount            



  )



  {



   ResetLastError();



   if(CopyBuffer(ind_handle,0,0,amount,sar_buffer)<0)



     {    



      return(false);



     }



   return(true);



  }



//+------------------------------------------------------------------+



bool FillArrayFromMABuffer(double &values[],  



int shift,         



int ind_handle,    



int amount         



  )



  {



   ResetLastError();



   if(CopyBuffer(ind_handle,0,-shift,amount,values)<0)



     {     



      return(false);



     }



   return(true);



  } 



 



void  OnDeinit(const int reason){



ObjectsDeleteAll(0,-1,-1);



}



Here, counters countBuy, countSell of signals for sale and buy are added to play a signal when firing the first signal only.




The OnChartEvent function




The OnChartEvent function is a callback function that is called when a user interacts with a symbol chart and when firing events related to graphical objects of a symbol chart.



void OnChartEvent (



const int id, // event identifier



const long & lparam, //  event parameter of type long



const double & dparam, // event parameter of type double



const string & sparam // event parameter of type string



  );



As an example of using the OnChartEvent function, let’s consider our indicator Impulse keeper and add the functionality to see a value of the used indicators when you click on buy or sell signals of the indicator.



To do this, let’s add the OnChartEvent function in the indicator code to handle an event of the mouse click on a graphical object of the indicator:



#property indicator_chart_window



#property indicator_buffers 4



double EMA34HBuffer[];



double EMA34LBuffer[];



double EMA125Buffer[];



double PSARBuffer[];



int EMA34HHandle;



int EMA34LHandle;



int EMA125Handle;



int PSARHandle;



 



int    bars_calculated=0;



//+------------------------------------------------------------------+



//| Custom indicator initialization function                         |



//+------------------------------------------------------------------+



int OnInit()



  {



//--- indicator buffers mapping



   SetIndexBuffer(0,EMA34HBuffer,INDICATOR_CALCULATIONS);



   SetIndexBuffer(1,EMA34LBuffer,INDICATOR_CALCULATIONS);



   SetIndexBuffer(2,EMA125Buffer,INDICATOR_CALCULATIONS);



   SetIndexBuffer(3,PSARBuffer,INDICATOR_CALCULATIONS);  



   EMA34HHandle=iMA(NULL,0,34,0,MODE_EMA,PRICE_HIGH);



   EMA34LHandle=iMA(NULL,0,34,0,MODE_EMA,PRICE_LOW);



   EMA125Handle=iMA(NULL,0,125,0,MODE_EMA,PRICE_CLOSE);



   PSARHandle=iSAR(NULL,0,0.02, 0.2);  



//---



   return(INIT_SUCCEEDED);



  }



//+------------------------------------------------------------------+



//| Custom indicator iteration function                              |



//+------------------------------------------------------------------+



int OnCalculate(const int rates_total,



                const int prev_calculated,



                const datetime &time[],



                const double &open[],



                const double &high[],



                const double &low[],



                const double &close[],



                const long &tick_volume[],



                const long &volume[],



                const int &spread[])



  {



//---



int values_to_copy;



   int start;



   int calculated=BarsCalculated(EMA34HHandle);



   if(calculated<=0)



     {     



      return(0);



     }



   if(prev_calculated==0 || calculated!=bars_calculated)



     {



      start=rates_total-1;



      if(calculated>rates_total) values_to_copy=rates_total;



      else                       values_to_copy=calculated;



     }



   else



     {



     start=1;



     values_to_copy=1;



     }    



     if(!FillArrayFromMABuffer(EMA34HBuffer,0,EMA34HHandle,values_to_copy)) return(0);     if(!FillArrayFromMABuffer(EMA34LBuffer,0,EMA34LHandle,values_to_copy)) return(0);     if(!FillArrayFromMABuffer(EMA125Buffer,0,EMA125Handle,values_to_copy)) return(0);    



if(!FillArrayFromPSARBuffer(PSARBuffer,PSARHandle,values_to_copy)) return(0);



 



ArraySetAsSeries(time, true);



ArraySetAsSeries(high, true);



ArraySetAsSeries(low, true);



ArraySetAsSeries(open, true);



ArraySetAsSeries(close, true);



ArraySetAsSeries(EMA34HBuffer, true);    



ArraySetAsSeries(EMA34LBuffer, true);



ArraySetAsSeries(EMA125Buffer, true);



ArraySetAsSeries(PSARBuffer, true);             



 



for(int i=start;i>=1;i--)



     {     if(close[i]>open[i]&&close[i]>EMA34HBuffer[i]&&close[i]>EMA34LBuffer[i]&&low[i]>EMA125Buffer[i]&&low[i]>PSARBuffer[i]&&EMA125Buffer[i]<EMA34LBuffer[i]&&EMA125Buffer[i]<EMA34HBuffer[i]){



     if(!ObjectCreate(0,&quot;Buy&quot;+i,OBJ_ARROW,0,time[i],high[i]))



     {     



      return(false);



     }    



      ObjectSetInteger(0,&quot;Buy&quot;+i,OBJPROP_COLOR,clrGreen);



      ObjectSetInteger(0,&quot;Buy&quot;+i,OBJPROP_ARROWCODE,233);



      ObjectSetInteger(0,&quot;Buy&quot;+i,OBJPROP_WIDTH,2);



      ObjectSetInteger(0,&quot;Buy&quot;+i,OBJPROP_ANCHOR,ANCHOR_UPPER);



      ObjectSetInteger(0,&quot;Buy&quot;+i,OBJPROP_HIDDEN,true);



      ObjectSetString(0,&quot;Buy&quot;+i,OBJPROP_TOOLTIP,close[i]);   



     }     



     if(close[i]<open[i]&&close[i]<EMA34HBuffer[i]&&close[i]<EMA34LBuffer[i]&&high[i]<EMA125Buffer[i]&&high[i]<PSARBuffer[i]&&EMA125Buffer[i]>EMA34LBuffer[i]&&EMA125Buffer[i]>EMA34HBuffer[i]){



     if(!ObjectCreate(0,&quot;Sell&quot;+i,OBJ_ARROW,0,time[i],low[i]))



     {     



      return(false);



     }    



      ObjectSetInteger(0,&quot;Sell&quot;+i,OBJPROP_COLOR,clrRed);



      ObjectSetInteger(0,&quot;Sell&quot;+i,OBJPROP_ARROWCODE,234);



      ObjectSetInteger(0,&quot;Sell&quot;+i,OBJPROP_WIDTH,2);



      ObjectSetInteger(0,&quot;Sell&quot;+i,OBJPROP_ANCHOR,ANCHOR_LOWER);



      ObjectSetInteger(0,&quot;Sell&quot;+i,OBJPROP_HIDDEN,true);



      ObjectSetString(0,&quot;Sell&quot;+i,OBJPROP_TOOLTIP,close[i]);    



     }    



     }    



     bars_calculated=calculated;



//--- return value of prev_calculated for next call



   return(rates_total);



  }



//+------------------------------------------------------------------+



bool FillArrayFromPSARBuffer(double &sar_buffer[], 



int ind_handle,       



int amount            



                         )



  {



 



   ResetLastError();



   if(CopyBuffer(ind_handle,0,0,amount,sar_buffer)<0)



     {    



      return(false);



     }



   return(true);



  }



//+------------------------------------------------------------------+



bool FillArrayFromMABuffer(double &values[],  



int shift,         



int ind_handle,    



int amount         



                         )



  {



   ResetLastError();



   if(CopyBuffer(ind_handle,0,-shift,amount,values)<0)



     {     



      return(false);



     }



   return(true);



  } 



 



void  OnDeinit(const int reason){



ObjectsDeleteAll(0,-1,-1);



} 



//+------------------------------------------------------------------+



//| ChartEvent function                                              |



//+------------------------------------------------------------------+



void OnChartEvent(const int id,



                  const long &lparam,



                  const double &dparam,



                  const string &sparam)



  {



//---



   if(id==CHARTEVENT_OBJECT_CLICK){



 



  if(StringFind(sparam,&quot;Sell&quot;,0)!=-1){



  int pos=StringToInteger(StringSubstr(sparam,4));



Alert(&quot;EMA34 High: &quot;, EMA34HBuffer[pos],&quot; , EMA34 Low: &quot;, EMA34LBuffer[pos], &quot; , EMA125: &quot;, EMA125Buffer[pos], &quot; , PSAR: &quot;, PSARBuffer[pos] );



  }



 



if(StringFind(sparam,&quot;Buy&quot;,0)!=-1){



  int pos=StringToInteger(StringSubstr(sparam,3));



Alert(&quot;EMA34 High: &quot;, EMA34HBuffer[pos],&quot; , EMA34 Low: &quot;, EMA34LBuffer[pos], &quot; , EMA125: &quot;, EMA125Buffer[pos], &quot; , PSAR: &quot;, PSARBuffer[pos] );



  }       



   }  



  }



//+------------------------------------------------------------------+



Here, we changed the order of access to all used arrays in the OnCalculate function using the function ArraySetAsSeries, and here we do not need to use the “i-1”, as in the current tick we start the cycle with the index 1.



In the function OnChartEvent, the code first checks an event ID and if the event – is a mouse click on a graphical object, the code proceeds to check whether the object is a graphic object of an indicator.



Then the code gets a sequence number from the name of the object that corresponds to the index of the bar, and outputs a value of buffers of the used indicators in an Alert dialog box displaying information to a user.


[image: ]



In parallel, the information is displayed in the window Experts of the terminal.



It would be convenient to display the information in the MessageBox dialog box that allows interacting with a user, but it cannot be called from custom indicators, because indicators are executed in the interface thread and they should not impede it.




Object-oriented Approach




In object-oriented languages, ​​all - are classes, including the entry point into an application that is a class that contains a specific method - the entry point into an application, or that extends a specific class of a framework or platform.



With the MQL5 language is a bit wrong. The development of programs in the MQL5 language is associated with the use of a set of callback functions that are called by the client terminal upon the occurrence of particular events. And the code of a MQL5 application is not a class, but it consists of a set of callback functions and additional custom code. So in the additional custom code, the developer is free to use a procedural programming or object-oriented programming.



If you select a procedural programming, the additional custom code is a set of user-defined functions. When selecting an object-oriented programming, the additional custom code is a set of user-defined classes that can use the standard MQL5 class library.



Let’s recall the basic concepts of the object-oriented programming.



Encapsulation – is when code is represented by classes that provide public methods to access and modify data, thus protecting data.



Extending types – is the ability to add user-defined data types that just based on the use of classes, as each new custom class is a new data type.



Inheritance – is the ability to create new classes based on existing classes, thus reusing existing proven and tested code. In the MQL5 there are not multiple inheritances.



Polymorphism – is the ability for all classes of the same inheritance hierarchy to have a method with the same name but a different implementation.



Overloading – is to create class methods with the same name, but designed to work with different data types, so the class is versatile for different data types.



As an example of the use of object-oriented approach, let’s consider a creation of our custom indicator Impulse keeper with classes.



In this case, the use of the class CIndicator and its children CiMA and CiSAR is providing access to the MA and PSAR indicators and it allows working without buffers of the Impulse keeper indicator. Since they are needed to copy buffers of the MA and PSAR indicators, and the classes CiMA and CiSAR provide direct access to its buffers.



To use the CIndicator class and its children, you need to include the file Trend.mqh in the code:



#include <Indicators\Trend.mqh>



Then in the code of the Impulse keeper indicator, let’s declare instances of the CiMA and CiSAR classes:



#property indicator_chart_window



 



CiMA MA34H;



CiMA MA34L;



CiMA MA125;



CiSAR SAR;



 



int bars_calculated = 0;



In the OnInit() function, let’s create the indicators:



int OnInit()



  {



   MA34H.Create(_Symbol,PERIOD_CURRENT,34,0,MODE_EMA,PRICE_HIGH);



   MA34L.Create(_Symbol,PERIOD_CURRENT,34,0,MODE_EMA,PRICE_LOW);



   MA125.Create(_Symbol,PERIOD_CURRENT,125,0,MODE_EMA,PRICE_CLOSE);



   SAR.Create(_Symbol,PERIOD_CURRENT,0.02, 0.2);



//---



   return(INIT_SUCCEEDED);



  }



In the OnCalculate function, after calculating an initial position of the indicator calculation, let’s set buffer sizes of the CiMA and CiSAR indicators:



int OnCalculate(const int rates_total,



                const int prev_calculated,



                const datetime &time[],



                const double &open[],



                const double &high[],



                const double &low[],



                const double &close[],



                const long &tick_volume[],



                const long &volume[],



                const int &spread[])



  {



//---  



   int start;



   int calculated=MA34H.BarsCalculated();



   if(calculated<=0)



     {     



      return(0);



     }



   if(prev_calculated==0 || calculated!=bars_calculated)



     {



      start=rates_total-1;     



     }



   else



     {



     start=1;    



     }     



ArraySetAsSeries(time, true);



ArraySetAsSeries(high, true);



ArraySetAsSeries(low, true);



ArraySetAsSeries(open, true);



ArraySetAsSeries(close, true);



 



//Print(MA34H.BufferSize());



 



MA34H.BufferResize(rates_total);



MA34L.BufferResize(rates_total);



MA125.BufferResize(rates_total);



SAR.BufferResize(rates_total);



If this is not done, buffer sizes of the used indicators will have a default value of 100, and our indicator will be calculated only up to the 100 bar.



Next, we update the data of the used indicators and calculate and draw our indicator:



MA34H.Refresh();



MA34L.Refresh();



MA125.Refresh();



SAR.Refresh();



for(int i=start;i>=1;i--)



     {        



    if(close[i]>open[i]&&close[i]>MA34H.Main(i)&&close[i]>MA34L.Main(i)&&low[i]>MA125.Main(i)&&low[i]>SAR.Main(i)&&MA125.Main(i)<MA34L.Main(i)&&MA125.Main(i)<MA34H.Main(i)){



     if(!ObjectCreate(0,&quot;Buy&quot;+i,OBJ_ARROW,0,time[i],high[i]))



     {     



      return(false);



     }    



      ObjectSetInteger(0,&quot;Buy&quot;+i,OBJPROP_COLOR,clrGreen);



      ObjectSetInteger(0,&quot;Buy&quot;+i,OBJPROP_ARROWCODE,233);



      ObjectSetInteger(0,&quot;Buy&quot;+i,OBJPROP_WIDTH,2);



      ObjectSetInteger(0,&quot;Buy&quot;+i,OBJPROP_ANCHOR,ANCHOR_UPPER);



      ObjectSetInteger(0,&quot;Buy&quot;+i,OBJPROP_HIDDEN,true);



      ObjectSetString(0,&quot;Buy&quot;+i,OBJPROP_TOOLTIP,close[i]);   



     }   



     if(close[i]<open[i]&&close[i]<MA34H.Main(i)&&close[i]<MA34L.Main(i)&&high[i]<MA125.Main(i)&&high[i]<SAR.Main(i)&&MA125.Main(i)>MA34L.Main(i)&&MA125.Main(i)>MA34H.Main(i)){



     if(!ObjectCreate(0,&quot;Sell&quot;+i,OBJ_ARROW,0,time[i],low[i]))



     {     



      return(false);



     }    



      ObjectSetInteger(0,&quot;Sell&quot;+i,OBJPROP_COLOR,clrRed);



      ObjectSetInteger(0,&quot;Sell&quot;+i,OBJPROP_ARROWCODE,234);



      ObjectSetInteger(0,&quot;Sell&quot;+i,OBJPROP_WIDTH,2);



      ObjectSetInteger(0,&quot;Sell&quot;+i,OBJPROP_ANCHOR,ANCHOR_LOWER);



      ObjectSetInteger(0,&quot;Sell&quot;+i,OBJPROP_HIDDEN,true);



      ObjectSetString(0,&quot;Sell&quot;+i,OBJPROP_TOOLTIP,close[i]);    



     }    



     }   



     ChartRedraw(0);



     bars_calculated=calculated;    



//--- return value of prev_calculated for next call



   return(rates_total);



  }



//+------------------------------------------------------------------+



void  OnDeinit(const int reason){



ObjectsDeleteAll(0,-1,-1);



} 



To be consistent in the object-oriented approach, all of the code to calculate and draw our indicator can be in a separate custom class. Fortunately, the Wizard of the MQL5 editor provides an ability to create a custom class.



#include <Indicators\Trend.mqh>



//+------------------------------------------------------------------+



//|                                                                  |



//+------------------------------------------------------------------+



class IKSignal



  {



private:



int _start;



datetime _time[];



double _open[];



double _high[];



double _low[];



double _close[];



 



public:



                     IKSignal(



                int start,



                const datetime &time[],



                const double &open[],



                const double &high[],



                const double &low[],



                const double &close[]            



                 );



bool draw(CiMA &MA34H, CiMA &MA34L, CiMA &MA125, CiSAR &SAR);           



                    ~IKSignal();



  };



//+------------------------------------------------------------------+



//|                                                                  |



//+------------------------------------------------------------------+



IKSignal::IKSignal(int start,



                const datetime &time[],



                const double &open[],



                const double &high[],



                const double &low[],



                const double &close[]            



                )



  {



  _start=start;



  if(ArraySize(time)>0)



     {



     ArrayResize(_time,ArraySize(time));



     ArrayCopy(_time, time);



     }



   if(ArraySize(open)>0)



     {



     ArrayResize(_open,ArraySize(open));



     ArrayCopy(_open, open);



     }



   if(ArraySize(high)>0)



     {



     ArrayResize(_high,ArraySize(high));



     ArrayCopy(_high, high);



     }



   if(ArraySize(low)>0)



     {



     ArrayResize(_low,ArraySize(low));



     ArrayCopy(_low, low);



     }



   if(ArraySize(close)>0)



     {



     ArrayResize(_close,ArraySize(close));



     ArrayCopy(_close, close);



     }    



ArraySetAsSeries(_time, true);



ArraySetAsSeries(_high, true);



ArraySetAsSeries(_low, true);



ArraySetAsSeries(_open, true);



ArraySetAsSeries(_close, true);



  }



//+------------------------------------------------------------------+



//|                                                                  |



//+------------------------------------------------------------------+



IKSignal::~IKSignal()



  {



  }



//+------------------------------------------------------------------+



bool IKSignal::draw(CiMA &MA34H, CiMA &MA34L, CiMA &MA125, CiSAR &SAR){



for(int i=_start;i>=1;i--)



     {    if(_close[i]>_open[i]&&_close[i]>MA34H.Main(i)&&_close[i]>MA34L.Main(i)&&_low[i]>MA125.Main(i)&&_low[i]>SAR.Main(i)&&MA125.Main(i)<MA34L.Main(i)&&MA125.Main(i)<MA34H.Main(i)){



     if(!ObjectCreate(0,&quot;Buy&quot;+i,OBJ_ARROW,0,_time[i],_high[i]))



     {     



      return(false);



     }    



      ObjectSetInteger(0,&quot;Buy&quot;+i,OBJPROP_COLOR,clrGreen);



      ObjectSetInteger(0,&quot;Buy&quot;+i,OBJPROP_ARROWCODE,233);



      ObjectSetInteger(0,&quot;Buy&quot;+i,OBJPROP_WIDTH,2);



      ObjectSetInteger(0,&quot;Buy&quot;+i,OBJPROP_ANCHOR,ANCHOR_UPPER);



      ObjectSetInteger(0,&quot;Buy&quot;+i,OBJPROP_HIDDEN,true);



      ObjectSetString(0,&quot;Buy&quot;+i,OBJPROP_TOOLTIP,_close[i]);   



     }  



     if(_close[i]<_open[i]&&_close[i]<MA34H.Main(i)&&_close[i]<MA34L.Main(i)&&_high[i]<MA125.Main(i)&&_high[i]<SAR.Main(i)&&MA125.Main(i)>MA34L.Main(i)&&MA125.Main(i)>MA34H.Main(i)){



     if(!ObjectCreate(0,&quot;Sell&quot;+i,OBJ_ARROW,0,_time[i],_low[i]))



     {     



      return(false);



     }    



      ObjectSetInteger(0,&quot;Sell&quot;+i,OBJPROP_COLOR,clrRed);



      ObjectSetInteger(0,&quot;Sell&quot;+i,OBJPROP_ARROWCODE,234);



      ObjectSetInteger(0,&quot;Sell&quot;+i,OBJPROP_WIDTH,2);



      ObjectSetInteger(0,&quot;Sell&quot;+i,OBJPROP_ANCHOR,ANCHOR_LOWER);



      ObjectSetInteger(0,&quot;Sell&quot;+i,OBJPROP_HIDDEN,true);



      ObjectSetString(0,&quot;Sell&quot;+i,OBJPROP_TOOLTIP,_close[i]);    



     }    



     }   



     ChartRedraw(0);



     return(true);



}



Here, in the class IKSignal, we declare private fields of the class, representing an initial position of the calculation of the indicator and price history.



In the class constructor, we copy its parameters in the fields of the class and change the order of access to the fields-arrays.



Also, in the class, a public function “draw” is declared, in which in fact the calculation and drawing of the indicator will be done.



As the parameters of this function there are instances of the classes CiMA and CiSAR.



Here, we simply transfer the code from the OnCalculate function.



Now, in the code of the main file, we do not need to include the Trend.mqh file, as we have already done it in the code of the class IKSignal, but instead we need to include a file of the class IKSignal.



We place a file of the IKSignal class in the Include directory and include it in the main file of the indicator:



#include <IKSignal.mqh>



Now, the OnCalculate function looks as the following:



int OnCalculate(const int rates_total,



                const int prev_calculated,



                const datetime &time[],



                const double &open[],



                const double &high[],



                const double &low[],



                const double &close[],



                const long &tick_volume[],



                const long &volume[],



                const int &spread[])



  {



//---  



   int start;



   int calculated=MA34H.BarsCalculated();



   if(calculated<=0)



     {     



      return(0);



     }



   if(prev_calculated==0 || calculated!=bars_calculated)



     {



      start=rates_total-1;     



     }



   else



     {



     start=1;    



     }



 



IKSignal iks(start,time,open,high,low,close);       



 



//Print(MA34H.BufferSize());



 



MA34H.BufferResize(rates_total);



MA34L.BufferResize(rates_total);



MA125.BufferResize(rates_total);



SAR.BufferResize(rates_total);



 



     MA34H.Refresh();



     MA34L.Refresh();



     MA125.Refresh();



     SAR.Refresh();



 



     if(!iks.draw(MA34H, MA34L, MA125, SAR)){



     return(false);



     }       



     bars_calculated=calculated;    



//--- return value of prev_calculated for next call



   return(rates_total);



  }



Here, we create an instance of the IKSignal class with parameters specified in the correct order and apply the draw function to it.



As you can see, the code the main file of the indicator is greatly simplified.




General Adviser Structure




An adviser or expert is a MQL5-program that can automatically open and close orders to buy and sell a financial instrument, thus implementing automated trading in the client terminal.



Like the indicators, expert’s code is based on callback functions called by the client terminal when particular events occur.



For an expert, it is functions such as the OnInit, OnDeinit, OnTick, OnTimer, OnTrade, OnTradeTransaction, OnTester, OnTesterInit, OnTesterPass, OnTesterDeinit, OnBookEvent, OnChartEvent.



However, for the automatic trading, you need only two functions OnInit and OnTick.



Unlike indicators, for the experts, special properties are not declared except a link, copyright, version, and description, and if the expert passing a trade does not draw an indicator. Therefore, before the callback functions, in an expert, you declare input parameters, handles of used technical indicators, global variables and constants.



Here, however, there is one parameter that is not declared in an indicator, but which is present in an expert.



This is a magic number or an identifier of an expert.



With the help of a magic number, trade orders are identified, which are done by an expert. This enables the creation of an interconnected system of several working experts.



The OnInit() function of an expert initializes handles of used technical indicators and expert’s variables.



The function OnDeinit of an expert usually clears global variables of the client terminal, created by an expert during testing, optimization and debugging, as well as it releases a calculation part of a used indicator and removes the indicator from a chart at the end of the expert testing using the IndicatorRelease() function.



Global variables of the client terminal are different from the global variables of MQL5-applications. Global client terminal variables can be created by a MQL5-application using the GlobalVariableSet function, but they are available for other MQL5-applications of the client terminal, as opposed to the global variables of an MQL5-application. Thus, global variables of the client terminal are a means of communication between different MQL5-applications. Usually, the global variables of the client terminal are created by experts to check the expiry of the time limit for the previous deal.



By themselves, the global variables exist in the client terminal over 4 weeks after the last request, then automatically deleted. A request to the global variable is considered to be not only setting a new value, but reading a value of a global variable.



When testing an expert, global variables of the client terminal are emulated, and they have nothing to do with the actual global variables of the terminal. When expert testing, all operations of the terminal global variables are performed by an agent of the testing outside the client terminal.



To enforce destroying global variables of the client terminal, you can use a call of the function GlobalVariableDel or GlobalVariablesDeleteAll.



In the function OnTick(), firstly, you can check an expert trading ability on the account, sufficient funds in the account, sufficiency of the downloaded price history to calculate a trading strategy. Then you can set time filters for trading, check for the open positions, calculate a trading strategy, and positions are opened or closed on the basis of trading strategy signals or pending orders are set.



The OnTimer() function allows you to create an alternative model of an expert that will perform calculations of a trading strategy not upon the occurrence of a new tick in OnTick() function, but at intervals defined by the function EventSetTimer. In this case, in the OnDeinit function of an expert, you should delete the timer using the EventKillTimer function call.



The OnTrade() function allows you to process the completion of a trade. A trading operation is not only the opening or closing a position, it is also the setting, modification, or deletion of a pending order, cancel a pending order with a shortage of funds or on expiry, triggering of a pending order, modification of an open position. For example, the OnTrade() function can be used to temporarily restrict trade when a Stop Loss is triggered.



Changing a status of a trading account is a result of a series of transactions, for example, a creation of orders, execution of orders, removal orders from the list of open orders, adding to the history of orders, adding a deal into the history, creation of a new position. Each transaction is accompanied by a call of the OnTradeTransaction function that can handle a transaction. In particular, the function OnTradeTransaction can process a result of execution of a trade request by the server, which is sent by the function OrderSendAsync().



When testing an expert in the test mode that uses a genetic algorithm, it produces the best selection of combinations of input parameters of an expert by an optimization criterion. Initially, the tester offers a set of predefined optimization criteria, such as a maximum account balance, balance + maximum profitability, balance + minimum drawdown and others.



The OnTester() function allows you to define a custom optimization criterion, as when optimizing, the tester is always looking for a local maximum of a return value of the OnTester() function, which is automatically called after the next passage of the expert testing for the specified date range. To use the OnTester() function, you can select an optimization criterion Custom max in the tester.



The functions OnTesterInit(), OnTesterPass(), OnTesterDeinit() allow you to organize a dynamic processing of optimization results of expert parameters in the tester on each optimization pass.



The OnBookEvent() function allows you to develop an advisor or indicator that uses a trading strategy that is based on Depth of Market, if the broker offers such an opportunity.



The OnChartEvent() function, as well as the OnTimer() function allows you to create an alternative model of an expert that will perform calculations of a trading strategy not upon the occurrence of a new tick in the OnTick function(), but when receiving events from indicators attached to a symbol chart.




The OnTick function




As already mentioned, in the OnTick() function, a code begins, usually, before calculation of a trading strategy, with various kinds of inspections, although some checks can be performed in the OnInit() function.



Information about a user's account can be accessed using the functions AccountInfoDouble, AccountInfoInteger, and AccountInfoString.



An identifier of a property that you want to get a value is an argument of these functions.



For the function AccountInfoInteger, it is following properties:



- ACCOUNT_LOGIN – the function returns an account number.



- ACCOUNT_TRADE_MODE – the function returns a type of trading account. The function returns 0 for a demo trading account, 1 for a contest trading account, 2 for a real trading account.



- ACCOUNT_LEVERAGE – the function returns a size of the account leverage, for example, if the leverage is 1: 100, the function returns 100.



- ACCOUNT_LIMIT_ORDERS – the function returns the maximum allowed number of pending orders. This limit is set by a broker, and if there are no restrictions, the function returns 0.



- ACCOUNT_MARGIN_SO_MODE - this is in what the minimum acceptable level of margin is given as a percentage or in money. The minimum level of margin is the level of margin, which requires or refill, or the level of margin at which there is the forced closure of the most unprofitable position. The minimum level of margin is set by a broker and the function returns 0 if the level is set as a percentage, and returns 1 if the level is set for the money.



- ACCOUNT_TRADE_ALLOWED – the function returns 0, if a trade for an account is forbidden when connecting to an account in the investor mode, if there is no connection to a server, if a trade is forbidden on the server side, if the account is sent to the archive. The function returns 1, if a trade for an account is allowed.



- ACCOUNT_TRADE_EXPERT – the function returns 0, if the broker prevents automated trading, and returns 1, if the automatic trading is allowed.



The ACCOUNT_LOGIN property can be used for protecting an expert through its binding to a specific account.



To do this, you can declare a constant that represents a valid account number and in the OnInit() function to compare it with a current account:



const long _ACCOUNT=50009917;



. . .



if (AccountInfoInteger(ACCOUNT_LOGIN)!=_ACCOUNT){



  Print(&quot;Account number does not match &quot;); 



  return(0);



  }



A value of the property ACCOUNT_TRADE_MODE can be output in a form of an enumeration. To do this a function's return value should be cast to an enumeration, and then converted to a string:



Print(&quot;ACCOUNT_TRADE_MODE &quot;,  EnumToString ((ENUM_ACCOUNT_TRADE_MODE)AccountInfoInteger(ACCOUNT_TRADE_MODE)));



The ACCOUNT_TRADE_MODE property can be used to check the possibility of launching an expert on a real account in the OnInit() function:



if((ENUM_ACCOUNT_TRADE_MODE)AccountInfoInteger(ACCOUNT_TRADE_MODE)==ACCOUNT_TRADE_MODE_REAL){ 



int mb=MessageBox(&quot;Run Expert on a real account?&quot;,&quot;Message Box&quot;,MB_YESNO|MB_ICONQUESTION);     



      if(mb==IDNO) return(0);    



}



At the same time, a dialog box will be displayed that will allow further code execution when you select the Yes button.



The ACCOUNT_LIMIT_ORDERS property can be used to check and set the maximum number of pending orders:



bool IsNewOrderAllowed(int _max_orders)



  {



int orders=OrdersTotal();



int max_allowed_orders=(int)AccountInfoInteger(ACCOUNT_LIMIT_ORDERS);



if(max_allowed_orders!=0&&_max_orders>max_allowed_orders){



_max_orders=max_allowed_orders;



}



return(orders<_max_orders); 



}



Let’s declare an input parameter:



input int max_orders = 1; // Maximum number of orders



And we call a particular function:



Print (IsNewOrderAllowed (max_orders));



A check of the properties ACCOUNT_TRADE_ALLOWED and ACCOUNT_TRADE_EXPERT can be done in the OnInit() function:



//-------------------------------------------------



if(!TerminalInfoInteger(TERMINAL_CONNECTED)){



Alert(&quot;No connection to the trade server&quot;);



return(0);



}else{



if(!AccountInfoInteger(ACCOUNT_TRADE_ALLOWED)){



Alert(&quot;Trade for this account is prohibited&quot;);



return(0);



}



}



if(!AccountInfoInteger(ACCOUNT_TRADE_EXPERT)){



Alert(&quot;Trade with the help of experts for the account is prohibited&quot;);



return(0);



}



//-------------------------------------------------



In addition, a separate check of connection to a server can be done in the OnTick() function:



if(!TerminalInfoInteger(TERMINAL_CONNECTED)){



Alert(&quot;No connection to the trade server&quot;);



return;



}



The following properties are defined for the AccountInfoDouble function:



- ACCOUNT_BALANCE – an account balance. It corresponds to a value of the Balance of the tab Trade of the client terminal.



Print (AccountInfoDouble (ACCOUNT_BALANCE));



- ACCOUNT_CREDIT – a given loan amount. Usually, this value is 0.



- ACCOUNT_PROFIT – an amount of current income on the account. It corresponds to the Profit column in the tab Trade of the client terminal.



Print (AccountInfoDouble (ACCOUNT_PROFIT));



- ACCOUNT_EQUITY – an amount of user’s funds in the account. It corresponds to a value of the Equity of the Trade tab of the client terminal.



Print (AccountInfoDouble (ACCOUNT_EQUITY));



- ACCOUNT_MARGIN – an amount of margin on the account. It corresponds to a value of the Margins of the tab Trade of the client terminal. If there is no open position, the value is 0.



Print (AccountInfoDouble (ACCOUNT_MARGIN));



- ACCOUNT_MARGIN_FREE – an amount of available funds in the account are available for opening a position. It corresponds to a value of the Free Margin of the Trade tab of the client terminal.



Print (AccountInfoDouble (ACCOUNT_MARGIN_FREE));



- ACCOUNT_MARGIN_LEVEL – a level of margin on the account as a percentage. It corresponds to a value ​​of the Margin Level of the Trade tab of the client terminal. It is calculated as Equity/Margin*100%. If there is no open position, the value is 0.



Print (AccountInfoDouble (ACCOUNT_MARGIN_LEVEL));



- ACCOUNT_MARGIN_SO_CALL – a level of margin that requires to deposit funds (Margin Call). Depending on the set ACCOUNT_MARGIN_SO_MODE it is expressed as a percentage or deposit currency. Margin Call is rather an information signal to the trader that his account is near to closing, and it is not accompanied by actions of the broker. The broker action occurs in the event of Stop Out. For example, when ACCOUNT_MARGIN_SO_CALL = 50%, the Margin Call event occurs when the amount of funds in the account will be like half of the margin.



if((ENUM_ACCOUNT_STOPOUT_MODE)AccountInfoInteger(ACCOUNT_MARGIN_SO_MODE)==ACCOUNT_STOPOUT_MODE_PERCENT)



Print(AccountInfoDouble(ACCOUNT_MARGIN_SO_CALL),&quot; %&quot;);



  if((ENUM_ACCOUNT_STOPOUT_MODE)AccountInfoInteger(ACCOUNT_MARGIN_SO_MODE)==ACCOUNT_STOPOUT_MODE_MONEY)



Print(AccountInfoDouble(ACCOUNT_MARGIN_SO_CALL),&quot; USD&quot;);



- ACCOUNT_MARGIN_SO_SO – a level of margin at which there is the forced closure of the most unprofitable position (Stop Out). Depending on the set ACCOUNT_MARGIN_SO_MODE it is expressed as a percentage or deposit currency. For example, when the ACCOUNT_MARGIN_SO_SO = 10%, the Stop Out event occurs when the amount of funds in the account will be 10% of the margin, and open positions will be closed by the broker forcibly.



if((ENUM_ACCOUNT_STOPOUT_MODE)AccountInfoInteger(ACCOUNT_MARGIN_SO_MODE)==ACCOUNT_STOPOUT_MODE_PERCENT)



Print(AccountInfoDouble(ACCOUNT_MARGIN_SO_SO),&quot; %&quot;);



  if((ENUM_ACCOUNT_STOPOUT_MODE)AccountInfoInteger(ACCOUNT_MARGIN_SO_MODE)==ACCOUNT_STOPOUT_MODE_MONEY)



Print(AccountInfoDouble(ACCOUNT_MARGIN_SO_SO),&quot; USD&quot;);



- ACCOUNT_MARGIN_INITIAL – an amount of funds reserved on the account to guarantee a minimum amount on all pending orders. Typically, the value is 0.



- ACCOUNT_MARGIN_MAINTENANCE - an amount of funds reserved on the account to guarantee a minimum amount on all open positions. Typically, the value is 0.



- ACCOUNT_ASSETS – a current amount of assets in the account. Typically, the value is 0.



- ACCOUNT_LIABILITIES – a current amount of liabilities of the account. Typically, the value is 0.



- ACCOUNT_COMMISSION_BLOCKED – a current amount of blocked commissions of the account. Typically, the value is 0.



With the AccountInfoDouble function properties, you can organize various kinds of validations in the function OnTick() of an expert.



Handle an event Margin Call:



if((ENUM_ACCOUNT_STOPOUT_MODE)AccountInfoInteger(ACCOUNT_MARGIN_SO_MODE)==ACCOUNT_STOPOUT_MODE_PERCENT){



if(AccountInfoDouble(ACCOUNT_MARGIN_LEVEL)!=0&&AccountInfoDouble(ACCOUNT_MARGIN_LEVEL)<=AccountInfoDouble(ACCOUNT_MARGIN_SO_CALL))



Alert(&quot;Margin Call!!!&quot;);



}



if((ENUM_ACCOUNT_STOPOUT_MODE)AccountInfoInteger(ACCOUNT_MARGIN_SO_MODE)==ACCOUNT_STOPOUT_MODE_MONEY){



if(AccountInfoDouble(ACCOUNT_EQUITY)<=AccountInfoDouble(ACCOUNT_MARGIN_SO_CALL))



Alert(&quot;Margin Call!!!&quot;); 



}



Handle an event Stop Out:



if((ENUM_ACCOUNT_STOPOUT_MODE)AccountInfoInteger(ACCOUNT_MARGIN_SO_MODE)==ACCOUNT_STOPOUT_MODE_PERCENT){



if(AccountInfoDouble(ACCOUNT_MARGIN_LEVEL)!=0&&AccountInfoDouble(ACCOUNT_MARGIN_LEVEL)<=AccountInfoDouble(ACCOUNT_MARGIN_SO_SO)){



Alert(&quot;Stop Out!!!&quot;);



return;



}



}



if((ENUM_ACCOUNT_STOPOUT_MODE)AccountInfoInteger(ACCOUNT_MARGIN_SO_MODE)==ACCOUNT_STOPOUT_MODE_MONEY){



if(AccountInfoDouble(ACCOUNT_EQUITY)<=AccountInfoDouble(ACCOUNT_MARGIN_SO_SO)){



Alert(&quot;Stop Out!!!&quot;);



return;



} 



}



Check an amount of available funds on the account, which are available to open positions:



double margin;



MqlTick last_tick;



ResetLastError();     



if(SymbolInfoTick(Symbol(),last_tick))



     {      if(OrderCalcMargin(ORDER_TYPE_BUY,Symbol(),Lot,last_tick.ask,margin))



        {



     if(margin>AccountInfoDouble(ACCOUNT_MARGIN_FREE)){



      Alert(&quot;Not enough money in the account!&quot;);



      return;    



     }     



        }



     }



   else



     {



      Print(GetLastError());



     }



Here, the MqlTick is a standard structure to store prices, which is populated by the SymbolInfoTick function.



A call of the ResetLastError() function is used to reset an error before calling the function, after which an occurrence of errors is checked.



The OrderCalcMargin function calculates an amount of funds required to open a position. And if the amount of available funds in the account (ACCOUNT_MARGIN_FREE) is less than the amount of funds required to open a position, money on the account are not enough and a trade is impossible.



For the function AccountInfoString, properties are defined such as a name of a client ACCOUNT_NAME, a name of a trading server ACCOUNT_SERVER, deposit currency ACCOUNT_CURRENCY, a company name that serves an account ACCOUNT_COMPANY.



With the property ACCOUNT_NAME, as well as using the property ACCOUNT_LOGIN, you can protect an adviser:



if (AccountInfoString(ACCOUNT_NAME)!=_name){



  Print(&quot;The user name is not matched&quot;); 



  return(0);



  }



An information about the client terminal can be obtained using the functions TerminalInfoInteger() and TerminalInfoString(). These functions also accept properties as an argument.



We have already seen a check of the terminal connection to the server using the property TERMINAL_CONNECTED.



The TERMINAL_DLLS_ALLOWED property allows you to determine whether there is a permission to use the DLL:



Print ((bool) TerminalInfoInteger (TERMINAL_DLLS_ALLOWED));



The use of DLL files is another way to create reusable libraries - modules of code to MQL5-programs.



You can find DLL-libraries in the MQL5\Libraries folder of the terminal and you can include it in MQL5-program code using the command:



#import &quot;dll_lib.dll&quot;



At the same time, a permission to use DLL-libraries is set in the tab Expert Advisors of the client terminal settings.



DLL-libraries can also be used to protect an expert by transferring the basic code of a trading strategy in a DLL-file.



The TERMINAL_TRADE_ALLOWED property indicates whether the AutoTrading button is enabled in the client terminal. To check this property, you can include a code in the OnTick() function:



if (!TerminalInfoInteger(TERMINAL_TRADE_ALLOWED))



   Alert(&quot;Auto Trading is turned off!&quot;);



However, permission to trade with the help of an expert can also be disabled in the general properties of the expert. To check this condition, you can use the property MQL_TRADE_ALLOWED of the MQLInfoInteger function:



if(!MQLInfoInteger(MQL_TRADE_ALLOWED))



Alert(&quot;Auto Trading is prohibited in expert properties&quot;,__FILE__);



With the property SYMBOL_SPREAD of the SymbolInfoInteger function, you can control over a broker’s spread:



double _spread=SymbolInfoInteger(Symbol(),SYMBOL_SPREAD)*MathPow(10,-SymbolInfoInteger(Symbol(),SYMBOL_DIGITS))/MathPow(10,-4);



if(_spread>spreadLevel){



Alert(&quot;Too big spread!&quot;);



return;



}



Here, with the help of the property SYMBOL_DIGITS, we find out how many decimal places are in the price and calculate the spread in pips. Then compare it with a threshold value, and if the current spread is greater than the threshold, we do not do the trade.



With the property SYMBOL_TRADE_MODE of the SymbolInfoInteger function, you can check restrictions on trading for the symbol that is set by the broker:



if((ENUM_SYMBOL_TRADE_MODE)SymbolInfoInteger(Symbol(),SYMBOL_TRADE_MODE)!=SYMBOL_TRADE_MODE_FULL){



Alert(&quot;There are restrictions on trading operations&quot;);



return;



}



In the OnTick() function, you can limit working time of an expert.



If you want that an expert works every day at a given time interval, you can determine a start and end hour and minutes of a time period and compare it with the current time:



input int startHour=0; //start hour



input int startMin=0; //start minute



input int stopHour=23; // stop hour



input int stopMin=0; // stop minute



. . .



long _seconds=TimeLocal()%86400;



long startSec=3600*startHour+60*startMin;



long stopSec=3600*stopHour+60*stopMin;



if(_seconds<startSec || _seconds>stopSec)return;



Here, it takes a local time, and if you want to compare with the server time, you could use the function TimeCurrent().



If you want that an expert simply works in a given time interval, you could determine a start and end date of the time interval and compare it with the current time:



input datetime startSession=D'2015.05.05';



input datetime stopSession=D'2015.05.06';



. . .



datetime _session=TimeLocal();



if(_session<startSession || _session>stopSession)return;



In the function OnTick() of an expert, it would also be a good idea to check if there are enough bars in the history to calculate the expert. You can do this in two ways - using the Bars function and using the property SERIES_BARS_COUNT of the SeriesInfoInteger function:



if(Bars(Symbol(), 0)<100) 



     {



      Alert(&quot;In the chart little bars, Expert will not work!!&quot;);



      return;



     }



Or



if(SeriesInfoInteger(Symbol(),0,SERIES_BARS_COUNT)<100) 



     {



      Alert(&quot;In the chart little bars, Expert will not work!!&quot;);



      return;



     } 



To limit the calculation of an expert in the OnTick() function by the appearance of a new bar on the graph, you can also in two ways – using the property SERIES_LASTBAR_DATE of the SeriesInfoInteger function or via the CopyTime function:



static datetime last_time;



datetime last_bar_time=(datetime)SeriesInfoInteger(Symbol(),Period(), SERIES_LASTBAR_DATE); 



if(last_time!=last_bar_time)



{



last_time=last_bar_time;    



}else{



return;



}



Or



static datetime Old_Time;



datetime New_Time[1];  



int copied=CopyTime(Symbol(),Period(),0,1,New_Time);



ResetLastError();



   if(copied>0)



     {



      if(Old_Time!=New_Time[0])



        {



        Old_Time=New_Time[0];       



        }else{       



        return;



        }



     }



   else



     {



      Print(GetLastError());    



      return;



     }



Supposing you want, after catching Stop Loss, has stopped trading with the advisor for today. In that case you need to properly handle this StopLoss event.



As is known, the OnTrade() function is called when you open or close a position, setting, modification or deletion of pending orders, cancellation of a pending order with a shortage of funds or on expiry, triggering of a pending order, modification of an open position. Therefore, in the OnTrade() function, it is necessary to select only the events of making deals, and then select the event of closing a position with Stop Loss from the deals:



void OnTrade()



  {



static int _deals;



ulong _ticket=0;



 



if(HistorySelect(0,TimeCurrent()))



  {



int  i=HistoryDealsTotal()-1;



 



   if(_deals!=i) {   



   _deals=i;



   } else { return; }



 



   if((_ticket=HistoryDealGetTicket(i))>0)



     {



      string _comment=HistoryDealGetString(_ticket,DEAL_COMMENT);



 



      if(StringFind(_comment,&quot;sl&quot;,0)!=-1) {      



      flagStopLoss=true;



      }



 



     }



  }  



  }



Here, the HistorySelect function requests a history of deals and orders for all time, then using the function HistoryDealsTotal we get an index of the last deal and compare it with a static variable that holds the index of the previous deal. Thus, we select only the events of making deals.



With the HistoryDealGetTicket function, you can get a ticket of the latest deal and using the property DEAL_COMMENT of the HistoryDealGetString function, we obtain a comment on the deal. If the comment contains sl, then it was the deal of closing a position with StopLoss.



The flagStopLoss is a global variable, which we can now use in the OnTick() function:



bool flagStopLoss=false;



. . .



static datetime Old_TimeD1;



datetime New_TimeD1[1];



bool IsNewBarD1=false;



 



int copiedD1=CopyTime(_Symbol,PERIOD_D1,0,1,New_TimeD1);



ResetLastError();



if(copiedD1>0)



     {



      if(Old_TimeD1!=New_TimeD1[0])



        {



         IsNewBarD1=true;      



         Old_TimeD1=New_TimeD1[0];  



         flagStopLoss=false;



        }



     }



   else



     {



      Print(GetLastError());     



      return;



     }    



 



   if(IsNewBarD1==false)



     {



     if(flagStopLoss==true){      



     return;



     }



     }



Here the expert stops calculations if received StopLoss and a new day bar has come.



Since for each financial instrument (symbol) it is possible only one open position, in the OnTick() function, you need to check for an open position, so there will be no attempts to open it again:



bool BuyOpened=false; 



bool SellOpened=false;



 



   if(PositionSelect(_Symbol)==true)



     {



      if(PositionGetInteger(POSITION_TYPE)==POSITION_TYPE_BUY)



        {



         BuyOpened=true; 



        }



      else if(PositionGetInteger(POSITION_TYPE)==POSITION_TYPE_SELL)



        {



         SellOpened=true;



        }



     }



Here, the PositionSelect function copies data of an open position of the symbol to the software environment. Then, using the property POSITION_TYPE of the PositionGetInteger function, it finds out whether the open position is the position to buy or sell.



After performing various checks, the OnTick() function calculates signals of a trading system of an expert.



Typically, historical symbol data are required to calculate signals of a trading system. This can be done by using the function CopyRates and MqlRates structure containing historical prices of a symbol bar:



MqlRates mrate[];



ResetLastError();



if(CopyRates(Symbol(),Period(),0,3,mrate)<0)



     {



Print(GetLastError());



      return;



     }    



ArraySetAsSeries(mrate,true);



Here, data of the last three bars are copied to the array of the structure MqlRates, and then it changes the order of the array access.



Finally, after calculating signals of an expert trading system, it can open or close positions.



But before making a deal, it would be a good idea to check the correctness of a volume with which we are going to enter the market:



if(Lot<SymbolInfoDouble(Symbol(),SYMBOL_VOLUME_MIN)||Lot>SymbolInfoDouble(Symbol(),SYMBOL_VOLUME_MAX)) return;



Opening and closing a position, changing in the volume of an open position, changing a value of Stop Loss and Take Profit in an open position, setting, modification and deletion of pending orders, all this can be done by using the function OrderSend:



bool OrderSend (



   MqlTradeRequest& request, // query structure



   MqlTradeResult& result // response structure



   );



A type of a trading operation, which the function OrderSend will attempt to perform, is determined by the structure MqlTradeRequest:



struct MqlTradeRequest



  {



   ENUM_TRADE_REQUEST_ACTIONS action;



// The type of action



   ulong magic;



// Expert stamp (ID magic number)



   ulong order;



// Order ticket



   string symbol;



// Name of the trading instrument



   double volume;



// The required volume of a deal in lots



   double price;



// Price



   double stoplimit;



// Stop Limit order level



   double sl;



// Stop Loss order level



   double tp;



// Take Profit order level



   ulong deviation;



// The maximum acceptable deviation from the asking price



   ENUM_ORDER_TYPE type;



// Order Type



   ENUM_ORDER_TYPE_FILLING type_filling;



// Type of order on execution



   ENUM_ORDER_TYPE_TIME type_time;



// Type of order for the time of action



   datetime expiration;



// Order expiry date (for orders of the ORDER_TIME_SPECIFIED type)



   string comment;



// Comment to the order



  };



The first parameter “action” of the MqlTradeRequest structure determines a type of a trading operation of the function OrderSend by using the enumeration ENUM_TRADE_REQUEST_ACTIONS.



This can be an immediate making a deal to buy or sell (TRADE_ACTION_DEAL), changing values Stop Loss ​​and Take Profit in the open position (TRADE_ACTION_SLTP), setting of a pending order to buy or sell (TRADE_ACTION_PENDING), changing pending order parameters (TRADE_ACTION_MODIFY), deleting a pending order (TRADE_ACTION_REMOVE).



If you want to make an immediate deal to buy or sale, in that case a type of order execution for a given financial instrument or a symbol is determined by the broker.



This can be immediate execution (Instant Execution), execution on request (Request Execution), execution on the market (Market Execution), execution of the stock exchange (Exchange Execution).



To determine a type of order execution, you can use the property SYMBOL_TRADE_EXEMODE of the SymbolInfoInteger function:



Print(EnumToString((ENUM_SYMBOL_TRADE_EXECUTION)SymbolInfoInteger(Symbol(),SYMBOL_TRADE_EXEMODE)));



For immediate execution (Instant Execution), a market order execution will be done at the price you are offering to the broker. If the broker cannot accept the order at offered prices, the broker will offer new execution prices to the trader, which will be contained in the MqlTradeResult structure.



For immediate execution (Instant Execution), filling of the MqlTradeRequest structure for an order to buy will be as follows:



MqlTradeRequest mrequest;



ZeroMemory(mrequest);



MqlTick latest_price;



if(!SymbolInfoTick(_Symbol,latest_price))



     {



Alert(&quot;Error in getting the latest quotes: &quot;,GetLastError(),&quot;!!&quot;);



      return;



     }



if(((ENUM_SYMBOL_TRADE_EXECUTION)SymbolInfoInteger(Symbol(),SYMBOL_TRADE_EXEMODE))==SYMBOL_TRADE_EXECUTION_INSTANT){



mrequest.action = TRADE_ACTION_DEAL;                             



mrequest.symbol = _Symbol;



mrequest.volume = Lot;



mrequest.price = NormalizeDouble(latest_price.ask,_Digits);



mrequest.sl = NormalizeDouble(latest_price.bid - 0.01,_Digits);



mrequest.tp = NormalizeDouble(latest_price.ask + 0.01,_Digits);



mrequest.deviation=10; 



mrequest.type = ORDER_TYPE_BUY;               



mrequest.type_filling = ORDER_FILLING_FOK;



}



Here, with the help of the SymbolInfoTick function, the MqlTick structure obtains current symbol prices to offer it to the broker.



For immediate execution (Instant Execution), the required fields of the MqlTradeRequest structure are filled: action, symbol, volume, price, sl, tp, deviation, type, type_filling.



In practice, the maximum acceptable deviation from the requested price, defined in points, which is accepted by the broker, is not more than 5 points. With a strong market movement, when the broker gets an order, if the price has gone to a higher value, there will be a so-called &quot;Requote&quot; – the broker returns prices at which the order can be executed.



The NormalizeDouble function here is used for rounding prices to the number of decimal places after the decimal point, which determines the accuracy of the measurement of the price of the symbol of the current chart.



For sell orders, filling Instant Execution of mandatory fields of the MqlTradeRequest structure will be as follows:



if(((ENUM_SYMBOL_TRADE_EXECUTION)SymbolInfoInteger(Symbol(),SYMBOL_TRADE_EXEMODE))==SYMBOL_TRADE_EXECUTION_INSTANT){



mrequest.action = TRADE_ACTION_DEAL;                             



mrequest.symbol = _Symbol;



mrequest.volume = Lot;



mrequest.price = NormalizeDouble(latest_price.ask,_Digits);



mrequest.sl = NormalizeDouble(latest_price.ask + 0.01,_Digits);



mrequest.tp = NormalizeDouble(latest_price.bid - 0.01,_Digits);



mrequest.deviation=10; 



mrequest.type = ORDER_TYPE_SELL;               



mrequest.type_filling = ORDER_FILLING_FOK;



}



After filling out the fields of the MqlTradeRequest structure, it is recommended to check it using the OrderCheck function:



bool OrderCheck (



   MqlTradeRequest& request, // query structure



   MqlTradeCheckResult& result // response structure



   );



The results of the check will be contained in the structure MqlTradeCheckResult:



struct MqlTradeCheckResult



  {



   uint retcode;



// Response code



   double balance;



// Balance after the deal



   double equity;



// The value of own funds after the deal



   double profit;



// Floating profit



   double margin;



// Margin Requirements



   double margin_free;



// Free Margin



   double margin_level;



// Margin Level



   string comment;



// Note to the response code (error description)



  };



The OrderCheck function returns true if the MqlTradeRequest structure successfully passed the check, while the retcode will be 0, otherwise it returns false:



MqlTradeCheckResult check_result;



ZeroMemory(check_result);



if(!OrderCheck(mrequest,check_result))



     {



if(check_result.retcode==10014)Alert(&quot;Wrong volume in the request&quot;);



if(check_result.retcode==10015)Alert(&quot;Wrong price in the request&quot;);



if(check_result.retcode==10016)Alert(&quot;Wrong Stop Loss in the request&quot;);



if(check_result.retcode==10019)Alert(&quot;There is not enough money to make the request&quot;);



      return;



     }



After checking the structure MqlTradeRequest, you can send a request to the broker to perform a trading operation by using the function OrderSend:



//--------------------------------------------------------------------



MqlTradeRequest mrequest;



MqlTradeCheckResult check_result;



MqlTradeResult mresult;



 



MqlTick latest_price;



if(!SymbolInfoTick(_Symbol,latest_price))



     {



Alert(&quot;Error in getting the latest quotes: &quot;,GetLastError(),&quot;!!&quot;);



      return;



     }



if(TradeSignalBuy==true&&BuyOpened==false){   



if(((ENUM_SYMBOL_TRADE_EXECUTION)SymbolInfoInteger(Symbol(),SYMBOL_TRADE_EXEMODE))==SYMBOL_TRADE_EXECUTION_INSTANT){



ZeroMemory(mrequest);



mrequest.action = TRADE_ACTION_DEAL;                             



mrequest.symbol = _Symbol;



mrequest.volume = Lot;



mrequest.price = NormalizeDouble(latest_price.ask,_Digits);



mrequest.sl = NormalizeDouble(latest_price.bid - 0.01,_Digits);



mrequest.tp = NormalizeDouble(latest_price.ask + 0.01,_Digits);



mrequest.deviation=10; 



mrequest.type = ORDER_TYPE_BUY;               



mrequest.type_filling = ORDER_FILLING_FOK;



 



ZeroMemory(check_result);



ZeroMemory(mresult);



if(!OrderCheck(mrequest,check_result))



     {



if(check_result.retcode==10014)Alert(&quot;Wrong volume in the request&quot;);



if(check_result.retcode==10015)Alert(&quot;Wrong price in the request&quot;);



if(check_result.retcode==10016)Alert(&quot;Wrong Stop Loss in the request&quot;);



if(check_result.retcode==10019)Alert(&quot;There is not enough money to make the request&quot;);



      return;



     }else{



if(OrderSend(mrequest,mresult)){



if(mresult.retcode==10009 || mresult.retcode==10008) // Request is made or the order is successfully placed         



{          



Print(&quot;Price &quot;, mresult.price);                     



           }



         else



           {



if(mresult.retcode==10004) // Requote



{



Print(&quot;Requote bid &quot;,mresult.bid);



Print(&quot;Requote ask &quot;,mresult.ask);



}else{



Print(&quot;Retcode &quot;,mresult.retcode);



}        



           } 



}else{



Print(&quot;Retcode &quot;,mresult.retcode);



}



}



}



}  



//---------------------------------------------------------------------   



if(TradeSignalSell==true&&SellOpened==false){



if(((ENUM_SYMBOL_TRADE_EXECUTION)SymbolInfoInteger(Symbol(),SYMBOL_TRADE_EXEMODE))==SYMBOL_TRADE_EXECUTION_INSTANT){



ZeroMemory(mrequest);



mrequest.action = TRADE_ACTION_DEAL;                             



mrequest.symbol = _Symbol;



mrequest.volume = Lot;



mrequest.price = NormalizeDouble(latest_price.ask,_Digits);



mrequest.sl = NormalizeDouble(latest_price.ask + 0.01,_Digits);



mrequest.tp = NormalizeDouble(latest_price.bid - 0.01,_Digits);



mrequest.deviation=10; 



mrequest.type = ORDER_TYPE_SELL;               



mrequest.type_filling = ORDER_FILLING_FOK;



 



ZeroMemory(check_result);



ZeroMemory(mresult);



if(!OrderCheck(mrequest,check_result))



     {



if(check_result.retcode==10014)Alert(&quot;Wrong volume in the request&quot;);



if(check_result.retcode==10015)Alert(&quot;Wrong price in the request&quot;);



if(check_result.retcode==10016)Alert(&quot;Wrong Stop Loss in the request&quot;);



if(check_result.retcode==10019)Alert(&quot;There is not enough money to make the request&quot;);



      return;



     }else{



if(OrderSend(mrequest,mresult)){



if(mresult.retcode==10009 || mresult.retcode==10008) // Request is made or the order is successfully placed



           {          



Print(&quot;Price &quot;, mresult.price);                     



           }



         else



           {



if(mresult.retcode==10004) // Requote



{



Print(&quot;Requote bid &quot;,mresult.bid);



Print(&quot;Requote ask &quot;,mresult.ask);



}else{



Print(&quot;Retcode &quot;,mresult.retcode);



}        



           } 



}else{



Print(&quot;Retcode &quot;,mresult.retcode);



}



}



}    



}    



//-------------------------------------------------------------------- 



Here, a request to perform a trade operation is sent if there is a signal to open a position and at the same time an open position does not exist.



After the checking OrderCheck, the re-checking of the MqlTradeRequest structure is made in the form of a return value of the function OrderSend. Next, you check a code of the operation result of the MqlTradeResult structure.



I personally did not meet execution of orders on request (Request Execution) with brokers. Instead of immediate execution (Instant Execution), a broker can offer execution of an order at the market (Market Execution) or execution of the stock exchange (Exchange Execution).



In the mode of execution on the market (Market Execution), a deal is executed at the price offered by the broker, with no requotes. In the mode of execution of the stock exchange (Exchange Execution), trading operations allegedly are output in the external trading system and deals are executed at the current market prices, while there are no requotes.



In the mode of execution on the market (Market Execution) or execution of the stock exchange (Exchange Execution), mandatory fields of the structure MqlTradeRequest are the fields: action, symbol, volume, type, type_filling:



//-------------------------------------------------------------------



if(((ENUM_SYMBOL_TRADE_EXECUTION)SymbolInfoInteger(Symbol(),SYMBOL_TRADE_EXEMODE))==SYMBOL_TRADE_EXECUTION_EXCHANGE){



//или SYMBOL_TRADE_EXECUTION_MARKET



ZeroMemory(mrequest);



mrequest.action = TRADE_ACTION_DEAL;                             



mrequest.symbol = _Symbol;



mrequest.volume = Lot;



mrequest.type = ORDER_TYPE_BUY;               



mrequest.type_filling = ORDER_FILLING_FOK;



 



ZeroMemory(check_result);



ZeroMemory(mresult);



if(!OrderCheck(mrequest,check_result))



     {



if(check_result.retcode==10014) Alert(&quot;Wrong volume in the request&quot;);



if(check_result.retcode==10019) Alert(&quot;There is not enough money to make the request&quot;);



      return;



     }else{



if(OrderSend(mrequest,mresult)){



if(mresult.retcode==10009 || mresult.retcode==10008) // Request is made or the order is successfully placed



           {



//-----------------------          



ZeroMemory(mrequest);          



mrequest.action = TRADE_ACTION_SLTP;



mrequest.symbol = _Symbol;   



mrequest.sl = NormalizeDouble(mresult.price - 0.01,_Digits);



mrequest.tp = NormalizeDouble(mresult.price + 0.01,_Digits);



ZeroMemory(check_result);



ZeroMemory(mresult);



if(!OrderCheck(mrequest,check_result))



     {    



if(check_result.retcode==10015)Alert(&quot;Wrong price in the request&quot;);



if(check_result.retcode==10016)Alert(&quot;Wrong Stop Loss in the request&quot;);    



      return;



     }else{



if(OrderSend(mrequest,mresult)){



if(mresult.retcode==10009 || mresult.retcode==10008) // Request is made or the order is successfully placed



           {          



Print(&quot;SL &quot;, mrequest.sl, &quot;TP &quot;,mrequest.tp);                     



           }



         else



           {



Print(&quot;Retcode &quot;,mresult.retcode);       



           } 



}else{



Print(&quot;Retcode &quot;,mresult.retcode);



}



}



//------------------------------------------                                  



           }



         else



           {



Print(&quot;Retcode &quot;,mresult.retcode);   



           } 



}else{



Print(&quot;Retcode &quot;,mresult.retcode);



}



}



}



//-------------------------------------------------------------------



if(((ENUM_SYMBOL_TRADE_EXECUTION)SymbolInfoInteger(Symbol(),SYMBOL_TRADE_EXEMODE))==SYMBOL_TRADE_EXECUTION_EXCHANGE){



//или SYMBOL_TRADE_EXECUTION_MARKET



ZeroMemory(mrequest);



mrequest.action = TRADE_ACTION_DEAL;                             



mrequest.symbol = _Symbol;



mrequest.volume = Lot;



mrequest.type = ORDER_TYPE_SELL;               



mrequest.type_filling = ORDER_FILLING_FOK;



 



ZeroMemory(check_result);



ZeroMemory(mresult);



if(!OrderCheck(mrequest,check_result))



     {



if(check_result.retcode==10014) Alert(&quot;Wrong volume in the request&quot;);



if(check_result.retcode==10019) Alert(&quot;There is not enough money to make the request&quot;);



      return;



     }else{



if(OrderSend(mrequest,mresult)){



if(mresult.retcode==10009 || mresult.retcode==10008) // Request is made or the order is successfully placed



           {



//-----------------------          



ZeroMemory(mrequest);          



mrequest.action = TRADE_ACTION_SLTP;



mrequest.symbol = _Symbol;   



mrequest.tp = NormalizeDouble(mresult.price - 0.01,_Digits);



mrequest.sl = NormalizeDouble(mresult.price + 0.01,_Digits);



ZeroMemory(check_result);



ZeroMemory(mresult);



if(!OrderCheck(mrequest,check_result))



     {    



if(check_result.retcode==10015)Alert(&quot;Wrong price in the request&quot;);



if(check_result.retcode==10016)Alert(&quot;Wrong Stop Loss in the request&quot;);    



      return;



     }else{



if(OrderSend(mrequest,mresult)){



if(mresult.retcode==10009 || mresult.retcode==10008) // Request is made or the order is successfully placed



           {          



Print(&quot;SL &quot;, mrequest.sl, &quot;TP &quot;,mrequest.tp);                     



           }



         else



           {



Print(&quot;Retcode &quot;,mresult.retcode);       



           } 



}else{



Print(&quot;Retcode &quot;,mresult.retcode);



}



}



//------------------------------------------                                  



           }



         else



           {



Print(&quot;Retcode &quot;,mresult.retcode);   



           } 



}else{



Print(&quot;Retcode &quot;,mresult.retcode);



}



}



}



//----------------------------------------------------------------



Here, a position is opened without defining a StopLoss and TakeProfit, and then, if the request is successfully executed, a trading order is placed to modify the levels of StopLoss and TakeProfit.



To place a pending order to buy or sell (TRADE_ACTION_PENDING), it is required to specify the 11 fields of the MqlTradeRequest structure: action, symbol, volume, price, stoplimit, sl, tp, type, type_filling, type_time, expiration. The field “type” can be:



- ORDER_TYPE_BUY_LIMIT – a pending order to buy with current prices above the price of the order.



- ORDER_TYPE_SELL_LIMIT – a pending order to sale with current prices below the order price.



- ORDER_TYPE_BUY_STOP – a pending order to buy with current prices lower than the order price.



- ORDER_TYPE_SELL_STOP – a pending order to sale with current prices above the order price.



- ORDER_TYPE_BUY_STOP_LIMIT – a deferred pending order of the Buy Limit type to trade on a pullback with current prices below the order price.



- ORDER_TYPE_SELL_STOP_LIMIT – a deferred pending order of the Sell Limit type to trade on a pullback with current prices above the order price.



To change settings of a pending order (TRADE_ACTION_MODIFY), it is required to specify the 7 fields of the MqlTradeRequest structure: action, order, price, sl, tp, type_time, expiration. While a value of the field “order” is taken from the structure MqlTradeResult of a result of placing the order.



To delete a pending order (TRADE_ACTION_REMOVE), it is required to specify 2 fields of the MqlTradeRequest structure: action and order.




An example of creating an expert




Let’s take the following code as a basis of an expert:



input double   Lot=1;         



input int      EA_Magic=1000;



input double spreadLevel=5.0;



input double StopLoss=0.01;



input double Profit=0.01;



 



bool flagStopLoss=false; 



 



int OnCheckTradeInit(){



// Check to run the expert on the real account 



if((ENUM_ACCOUNT_TRADE_MODE)AccountInfoInteger(ACCOUNT_TRADE_MODE)==ACCOUNT_TRADE_MODE_REAL){ 



  int mb=MessageBox(&quot;Run the expert on the real account?&quot;,&quot;Message Box&quot;,MB_YESNO|MB_ICONQUESTION);     



  if(mb==IDNO) return(0);    



}



//-------------------------------------------------



// Checks: trade is prohibited in the case of connection to an account in the investor mode



// There is no connection to the server, a trade prohibition on the server side, if the account is sent to the archive



// Broker prohibits automated trading



 



if(!TerminalInfoInteger(TERMINAL_CONNECTED)){



Alert(&quot;No connection to the trade server&quot;);



return(0);



}else{



if(!AccountInfoInteger(ACCOUNT_TRADE_ALLOWED)){



Alert(&quot;Trade for this account is prohibited&quot;);



return(0);



  }



}



  if(!AccountInfoInteger(ACCOUNT_TRADE_EXPERT)){



      Alert(&quot;Trade with the help of experts for the account is prohibited&quot;);



   return(0);



  }



 



  //---------------------------------------------------------------------



 



// Check the correctness of the volume to which we are going to enter the market



   if(Lot<SymbolInfoDouble(Symbol(),SYMBOL_VOLUME_MIN)||Lot>SymbolInfoDouble(Symbol(),SYMBOL_VOLUME_MAX)){



Alert(&quot;Lot is not correct!!!&quot;);     



      return(0);



}



   return(INIT_SUCCEEDED);



 



}



 



//+------------------------------------------------------------------+



//| Expert initialization function                                   |



//+------------------------------------------------------------------+



int OnInit()



  {



 



return(OnCheckTradeInit());



  }



//+------------------------------------------------------------------+



//| Expert deinitialization function                                 |



//+------------------------------------------------------------------+



void OnDeinit(const int reason)



  {



 



 



  }



 



int OnCheckTradeTick(){



 



// Check for the connection to the server



if(!TerminalInfoInteger(TERMINAL_CONNECTED)){



Alert(&quot;No connection to the trade server&quot;);



return(0);



}



 



// Is the button for auto-trading enabled in the client terminal



if (!TerminalInfoInteger(TERMINAL_TRADE_ALLOWED)){



Alert(&quot;Permission on the automated trading is turned off!&quot;);



return(0);



}



 



// Permission to trade with the help of an expert is disabled in the general properties of the expert  



if(!MQLInfoInteger(MQL_TRADE_ALLOWED)){



Alert(&quot;Automated trading is prohibited in the expert properties &quot;,__FILE__);



return(0);



}



 



//-------------------------------------------------------------------------------



 



// The level of margin at which it is required to deposit funds



if((ENUM_ACCOUNT_STOPOUT_MODE)AccountInfoInteger(ACCOUNT_MARGIN_SO_MODE)==ACCOUNT_STOPOUT_MODE_PERCENT){



if(AccountInfoDouble(ACCOUNT_MARGIN_LEVEL)!=0&&AccountInfoDouble(ACCOUNT_MARGIN_LEVEL)<=AccountInfoDouble(ACCOUNT_MARGIN_SO_CALL)){



Alert(&quot;Margin Call!!!&quot;);



return(0);



}}



 



if((ENUM_ACCOUNT_STOPOUT_MODE)AccountInfoInteger(ACCOUNT_MARGIN_SO_MODE)==ACCOUNT_STOPOUT_MODE_MONEY){



if(AccountInfoDouble(ACCOUNT_EQUITY)<=AccountInfoDouble(ACCOUNT_MARGIN_SO_CALL)){



Alert(&quot;Margin Call!!!&quot;);



return(0);



}}



 



// The level of margin at which there is the forced closure of the most unprofitable position



if((ENUM_ACCOUNT_STOPOUT_MODE)AccountInfoInteger(ACCOUNT_MARGIN_SO_MODE)==ACCOUNT_STOPOUT_MODE_PERCENT){



if(AccountInfoDouble(ACCOUNT_MARGIN_LEVEL)!=0&&AccountInfoDouble(ACCOUNT_MARGIN_LEVEL)<=AccountInfoDouble(ACCOUNT_MARGIN_SO_SO)){



Alert(&quot;Stop Out!!!&quot;);



return(0);



}}



 



if((ENUM_ACCOUNT_STOPOUT_MODE)AccountInfoInteger(ACCOUNT_MARGIN_SO_MODE)==ACCOUNT_STOPOUT_MODE_MONEY){



if(AccountInfoDouble(ACCOUNT_EQUITY)<=AccountInfoDouble(ACCOUNT_MARGIN_SO_SO)){



Alert(&quot;Stop Out!!!&quot;);



return(0);



}}



 



//-----------------------------------------------------------------------------



 



// Check the amount of available funds in the account are available to open a position



double margin;



MqlTick last_tick;



ResetLastError();



if(SymbolInfoTick(Symbol(),last_tick))



     {           



      if(OrderCalcMargin(ORDER_TYPE_BUY,Symbol(),Lot,last_tick.ask,margin))



        {



     if(margin>AccountInfoDouble(ACCOUNT_MARGIN_FREE)){



      Alert(&quot;Not enough money in the account!&quot;);



      return(0);    



     }     



        }



     }



   else



     {



      Print(GetLastError());



     }



 



//----------------------------------------------------------------------



 



// Control of the broker spread



double _spread=SymbolInfoInteger(Symbol(),SYMBOL_SPREAD)*MathPow(10,-SymbolInfoInteger(Symbol(),SYMBOL_DIGITS))/MathPow(10,-4);



 



if(_spread>spreadLevel){



Alert(&quot;Too big spread!&quot;);



return(0);



}



 



//------------------------------------------------------------------------



 



// Check restrictions on the trading operations of the symbol, which are set by the broker



if((ENUM_SYMBOL_TRADE_MODE)SymbolInfoInteger(Symbol(),SYMBOL_TRADE_MODE)!=SYMBOL_TRADE_MODE_FULL){



Alert(&quot;There are restrictions on trading operations&quot;);



return(0);



}



 



//-------------------------------------------------------------------------



 



// Are bars enough in the history to calculate the expert



if(Bars(Symbol(), 0)<100) 



     {



      Alert(&quot;In the chart little bars, Expert will not work!!&quot;);



      return(0);



     }



 



     return(1);   



}



 



//+------------------------------------------------------------------+



//| Expert tick function                                             |



//+------------------------------------------------------------------+



void OnTick()



  {



 



if(!OnCheckTradeTick()){



return;



}



 



//-----------------------------------------------------------------------------



 



// Limit calculations of he expert for the appearance of a new bar on the chart



static datetime last_time;



datetime last_bar_time=(datetime)SeriesInfoInteger(Symbol(),Period(),SERIES_LASTBAR_DATE); 



if(last_time!=last_bar_time)



{



last_time=last_bar_time;    



}else{



return;



}



 



// Limit calculations of the expert with the flagStopLoss



static datetime last_time_daily;



datetime last_bar_time_daily=(datetime)SeriesInfoInteger(Symbol(),PERIOD_D1,SERIES_LASTBAR_DATE); 



if(last_time_daily!=last_bar_time_daily)



{



last_time_daily=last_bar_time_daily;



flagStopLoss=false;   



}



 



if(flagStopLoss==true)return;



//-----------------------------------------------------------------------



 



// Check for an open position, so you do not try to open it again



   bool BuyOpened=false; 



   bool SellOpened=false;



 



   if(PositionSelect(_Symbol)==true)



     {



      if(PositionGetInteger(POSITION_TYPE)==POSITION_TYPE_BUY)



        {



         BuyOpened=true; 



        }



      else if(PositionGetInteger(POSITION_TYPE)==POSITION_TYPE_SELL)



        {



         SellOpened=true;



        }



     }



 



//----------------------------------------------------------------------------



 



// To calculate signals of the trading system, it requires historical symbol data



MqlRates mrate[];



ResetLastError();



if(CopyRates(Symbol(),Period(),0,3,mrate)<0)



     {



Print(GetLastError());



      return;



     } 



 



ArraySetAsSeries(mrate,true);



 



//-----------------------------------------------------------------------------



 



bool TradeSignalBuy=false;



bool TradeSignalSell=false;



 



//-----------------------------------------------------------------------------



MqlTradeRequest mrequest;



MqlTradeCheckResult check_result;



MqlTradeResult mresult;



 



MqlTick latest_price;



if(!SymbolInfoTick(_Symbol,latest_price))



     {



      Alert(&quot;Failure to get the latest quotes:&quot;,GetLastError(),&quot;!!&quot;);



      return;



     }



if(TradeSignalBuy==true&&BuyOpened==false){



//--------------------------------------------------------------------------------------------------------------------  



if(((ENUM_SYMBOL_TRADE_EXECUTION)SymbolInfoInteger(Symbol(),SYMBOL_TRADE_EXEMODE))==SYMBOL_TRADE_EXECUTION_INSTANT){



ZeroMemory(mrequest);



mrequest.action = TRADE_ACTION_DEAL;                             



mrequest.symbol = _Symbol;



mrequest.volume = Lot;



mrequest.price = NormalizeDouble(latest_price.ask,_Digits);



mrequest.sl = NormalizeDouble(latest_price.bid - StopLoss,_Digits);



mrequest.tp = NormalizeDouble(latest_price.ask + Profit,_Digits);



mrequest.deviation=10; 



mrequest.type = ORDER_TYPE_BUY;               



mrequest.type_filling = ORDER_FILLING_FOK;



 



ZeroMemory(check_result);



ZeroMemory(mresult);



if(!OrderCheck(mrequest,check_result))



     {



if(check_result.retcode==10014)Alert(&quot;Wrong volume in the request&quot;);



if(check_result.retcode==10015)Alert(&quot;Wrong price in the request&quot;);



if(check_result.retcode==10016)Alert(&quot;Wrong Stop Loss in the request&quot;);



if(check_result.retcode==10019)Alert(&quot;There is not enough money to make the request&quot;);



      return;



     }else{



if(OrderSend(mrequest,mresult)){



if(mresult.retcode==10009 || mresult.retcode==10008) // Request is made or the order is successfully placed



           {          



Print(&quot;Price &quot;, mresult.price);                     



           }



         else



           {



if(mresult.retcode==10004) // Requote



{



Print(&quot;Requote bid &quot;,mresult.bid);



Print(&quot;Requote ask &quot;,mresult.ask);



}else{



Print(&quot;Retcode &quot;,mresult.retcode);



}        



           } 



}else{



Print(&quot;Retcode &quot;,mresult.retcode);



}



}



}



//-------------------------------------------------------------------------------------------------------------



if(((ENUM_SYMBOL_TRADE_EXECUTION)SymbolInfoInteger(Symbol(),SYMBOL_TRADE_EXEMODE))==SYMBOL_TRADE_EXECUTION_EXCHANGE){



ZeroMemory(mrequest);



mrequest.action = TRADE_ACTION_DEAL;                             



mrequest.symbol = _Symbol;



mrequest.volume = Lot;



mrequest.type = ORDER_TYPE_BUY;               



mrequest.type_filling = ORDER_FILLING_FOK;



 



ZeroMemory(check_result);



ZeroMemory(mresult);



if(!OrderCheck(mrequest,check_result))



     {



if(check_result.retcode==10014)Alert(&quot;Wrong volume in the request&quot;);



if(check_result.retcode==10019)Alert(&quot;There is not enough money to make the request&quot;);



      return;



     }else{



if(OrderSend(mrequest,mresult)){



if(mresult.retcode==10009 || mresult.retcode==10008) // Request is made or the order is successfully placed



           {



//-----------------------          



ZeroMemory(mrequest);          



mrequest.action = TRADE_ACTION_SLTP;



mrequest.symbol = _Symbol;   



mrequest.sl = NormalizeDouble(mresult.price - StopLoss,_Digits);



mrequest.tp = NormalizeDouble(mresult.price + Profit,_Digits);



ZeroMemory(check_result);



ZeroMemory(mresult);



if(!OrderCheck(mrequest,check_result))



     {    



if(check_result.retcode==10015)Alert(&quot;Wrong price in the request&quot;);



if(check_result.retcode==10016)Alert(&quot;Wrong Stop Loss in the request&quot;);    



      return;



     }else{



if(OrderSend(mrequest,mresult)){



if(mresult.retcode==10009 || mresult.retcode==10008) // Request is made or the order is successfully placed



           {          



Print(&quot;SL &quot;, mrequest.sl, &quot;TP &quot;,mrequest.tp);                     



           }



         else



           {



Print(&quot;Retcode &quot;,mresult.retcode);       



           } 



}else{



Print(&quot;Retcode &quot;,mresult.retcode);



}



}



//------------------------------------------                                  



           }



         else



           {



Print(&quot;Retcode &quot;,mresult.retcode);   



           } 



}else{



Print(&quot;Retcode &quot;,mresult.retcode);



}



}



}



//-------------------------------------------------------------------------------------------------------------



}  



//--------------------------------------------------------------------------------------------------------------    



if(TradeSignalSell==true&&SellOpened==false){



//------------------------------------------------------------------------------------------------------------------



if(((ENUM_SYMBOL_TRADE_EXECUTION)SymbolInfoInteger(Symbol(),SYMBOL_TRADE_EXEMODE))==SYMBOL_TRADE_EXECUTION_INSTANT){



ZeroMemory(mrequest);



mrequest.action = TRADE_ACTION_DEAL;                             



mrequest.symbol = _Symbol;



mrequest.volume = Lot;



mrequest.price = NormalizeDouble(latest_price.bid,_Digits);



mrequest.sl = NormalizeDouble(latest_price.ask + StopLoss,_Digits);



mrequest.tp = NormalizeDouble(latest_price.bid - Profit,_Digits);



mrequest.deviation=10; 



mrequest.type = ORDER_TYPE_SELL;               



mrequest.type_filling = ORDER_FILLING_FOK;



 



ZeroMemory(check_result);



ZeroMemory(mresult);



if(!OrderCheck(mrequest,check_result))



     {



if(check_result.retcode==10014)Alert(&quot;Wrong volume in the request&quot;);



if(check_result.retcode==10015)Alert(&quot;Wrong price in the request&quot;);



if(check_result.retcode==10016)Alert(&quot;Wrong Stop Loss in the request&quot;);



if(check_result.retcode==10019)Alert(&quot;There is not enough money to make the request&quot;);



      return;



     }else{



if(OrderSend(mrequest,mresult)){



if(mresult.retcode==10009 || mresult.retcode==10008) // Request is made or the order is successfully placed



           {          



Print(&quot;Price &quot;, mresult.price);                     



           }



         else



           {



if(mresult.retcode==10004) // Requote



{



Print(&quot;Requote bid &quot;,mresult.bid);



Print(&quot;Requote ask &quot;,mresult.ask);



}else{



Print(&quot;Retcode &quot;,mresult.retcode);



}        



           } 



}else{



Print(&quot;Retcode &quot;,mresult.retcode);



}



}



}



//-------------------------------------------------------------------------------------------------------------



if(((ENUM_SYMBOL_TRADE_EXECUTION)SymbolInfoInteger(Symbol(),SYMBOL_TRADE_EXEMODE))==SYMBOL_TRADE_EXECUTION_EXCHANGE){



ZeroMemory(mrequest);



mrequest.action = TRADE_ACTION_DEAL;                             



mrequest.symbol = _Symbol;



mrequest.volume = Lot;



mrequest.type = ORDER_TYPE_SELL;               



mrequest.type_filling = ORDER_FILLING_FOK;



 



ZeroMemory(check_result);



ZeroMemory(mresult);



if(!OrderCheck(mrequest,check_result))



     {



if(check_result.retcode==10014)Alert(&quot;Wrong volume in the request&quot;);



if(check_result.retcode==10019)Alert(&quot;There is not enough money to make the request&quot;);



      return;



     }else{



if(OrderSend(mrequest,mresult)){



if(mresult.retcode==10009 || mresult.retcode==10008) // Request is made or the order is successfully placed



           {



//-----------------------          



ZeroMemory(mrequest);          



mrequest.action = TRADE_ACTION_SLTP;



mrequest.symbol = _Symbol;   



mrequest.tp = NormalizeDouble(mresult.price - Profit,_Digits);



mrequest.sl = NormalizeDouble(mresult.price + StopLoss,_Digits);



ZeroMemory(check_result);



ZeroMemory(mresult);



if(!OrderCheck(mrequest,check_result))



     {    



if(check_result.retcode==10015)Alert(&quot;Wrong price in the request&quot;);



if(check_result.retcode==10016)Alert(&quot;Wrong Stop Loss in the request&quot;);    



      return;



     }else{



if(OrderSend(mrequest,mresult)){



if(mresult.retcode==10009 || mresult.retcode==10008) // Request is made or the order is successfully placed



           {          



Print(&quot;SL &quot;, mrequest.sl, &quot;TP &quot;,mrequest.tp);                     



           }



         else



           {



Print(&quot;Retcode &quot;,mresult.retcode);       



           } 



}else{



Print(&quot;Retcode &quot;,mresult.retcode);



}



}



//------------------------------------------                                  



           }



         else



           {



Print(&quot;Retcode &quot;,mresult.retcode);   



           } 



}else{



Print(&quot;Retcode &quot;,mresult.retcode);



}



}



}



//-----------------------------------------------------------------------



 



}    



 



//-----------------------------------------------------------------------



} 



 



//+------------------------------------------------------------------+



//| Trade function                                                   |



//+------------------------------------------------------------------+



void OnTrade()



  {



static int _deals;



ulong _ticket=0;



 



if(HistorySelect(0,TimeCurrent()))



  {



int  i=HistoryDealsTotal()-1;



 



   if(_deals!=i) {   



   _deals=i;



   } else { return; }



 



   if((_ticket=HistoryDealGetTicket(i))>0)



     {



      string _comment=HistoryDealGetString(_ticket,DEAL_COMMENT);     



      if(StringFind(_comment,&quot;sl&quot;,0)!=-1) {      



      flagStopLoss=true;



      }          



     }



  }  



  }



Here, the general checks of the function OnInit are placed in a separate function OnCheckTradeInit, and the general checks of the OnTick function are placed in a separate function OnCheckTradeTick.



The expert will send orders to buy and sell when setting the TradeSignalBuy and TradeSignalSell flags to true.



A value of the TradeSignalBuy and TradeSignalSell flags should be set by a trading system.



Let’s take &quot;Sidus Method&quot; as a trading system:



Currency pairs: EUR/GBP and EUR/USD.



Time interval: H1.



Exponential Moving Average: 18 EMA and 28 EMA.



Weighted Moving Average: 5WMA and 8 WMA.



Trading signals for market entry by the Sidus Method:



To open a position to buy: 5WMA and 8 WMA cross the tunnel of the 18 EMA and 28 EMA upwards.



To open a position to sale: 5WMA and 8 WMA cross the tunnel of the 18 EMA and 28 EMA top down.



Trading signals to exit the market by the Sidus Method:



To buy: a price on the chart has reached the top and 5 WMA as if &quot;dives&quot; under 8 WMA. It is necessary to close a trading position.



To sale: a price on the chart has reached the bottom and moving 5 WMA as it &quot;jumps&quot; over 8WMA. It is necessary to close a trading position.



Expert code that implements the Sidus Method:



input double   Lot=1;         



input int      EA_Magic=1000;



input double spreadLevel=5.0;



input double StopLoss=0.01;



input double Profit=0.01;



input int numberBarOpenPosition=5;



input int numberBarStopPosition=5;



 



bool flagStopLoss=false; 



 



int    handleIMA18;



double    MA18Buffer[];



int    handleIMA28;



double    MA28Buffer[];



int    handleIWMA5;



double    WMA5Buffer[];



int    handleIWMA8;



double    WMA8Buffer[]; 



 



int OnCheckTradeInit(){



// Check to run the expert on the real account 



if((ENUM_ACCOUNT_TRADE_MODE)AccountInfoInteger(ACCOUNT_TRADE_MODE)==ACCOUNT_TRADE_MODE_REAL){ 



  int mb=MessageBox(&quot;Run the expert on the real account?&quot;,&quot;Message Box&quot;,MB_YESNO|MB_ICONQUESTION);     



  if(mb==IDNO) return(0);    



}



//-------------------------------------------------



// Checks: trade is prohibited in the case of connection to an account in the investor mode



// There is no connection to the server, a trade prohibition on the server side, if the account is sent to the archive



// Broker prohibits automated trading



 



if(!TerminalInfoInteger(TERMINAL_CONNECTED)){



Alert(&quot;No connection to the trade server&quot;);



return(0);



}else{



if(!AccountInfoInteger(ACCOUNT_TRADE_ALLOWED)){



Alert(&quot;Trade for this account is prohibited&quot;);



return(0);



  }



}



  if(!AccountInfoInteger(ACCOUNT_TRADE_EXPERT)){



      Alert(&quot;Trade with the help of experts for the account is prohibited&quot;);



   return(0);



  }



 



  //---------------------------------------------------------------------



 



// Check the correctness of the volume to which we are going to enter the market



   if(Lot<SymbolInfoDouble(Symbol(),SYMBOL_VOLUME_MIN)||Lot>SymbolInfoDouble(Symbol(),SYMBOL_VOLUME_MAX)){



Alert(&quot;Lot is not correct!!!&quot;);     



      return(0);



}



   return(INIT_SUCCEEDED);



 



}



 



//+------------------------------------------------------------------+



//| Expert initialization function                                   |



//+------------------------------------------------------------------+



int OnInit()



  {



 



   handleIMA18=iMA(_Symbol,PERIOD_H1,18,0,MODE_EMA,PRICE_CLOSE);



   handleIMA28=iMA(_Symbol,PERIOD_H1,28,0,MODE_EMA,PRICE_CLOSE);



   handleIWMA5=iMA(_Symbol,PERIOD_H1,5,0,MODE_LWMA,PRICE_CLOSE);



   handleIWMA8=iMA(_Symbol,PERIOD_H1,8,0,MODE_LWMA,PRICE_CLOSE);



 



return(OnCheckTradeInit());



  }



//+------------------------------------------------------------------+



//| Expert deinitialization function                                 |



//+------------------------------------------------------------------+



void OnDeinit(const int reason)



  {



 



 



  }



 



int OnCheckTradeTick(){



 



// Check for the connection to the server



if(!TerminalInfoInteger(TERMINAL_CONNECTED)){



Alert(&quot;No connection to the trade server&quot;);



return(0);



}



 



// Is the button for auto-trading enabled in the client terminal



if (!TerminalInfoInteger(TERMINAL_TRADE_ALLOWED)){



Alert(&quot;Permission on the automated trading is turned off!&quot;);



return(0);



}



 



// Permission to trade with the help of an expert is disabled in the general properties of the expert  



if(!MQLInfoInteger(MQL_TRADE_ALLOWED)){



Alert(&quot;Automated trading is prohibited in the expert properties&quot;,__FILE__);



return(0);



}



 



//-----------------------------------------------------------------------



 



// The level of margin at which it is required to deposit funds



if((ENUM_ACCOUNT_STOPOUT_MODE)AccountInfoInteger(ACCOUNT_MARGIN_SO_MODE)==ACCOUNT_STOPOUT_MODE_PERCENT){



if(AccountInfoDouble(ACCOUNT_MARGIN_LEVEL)!=0&&AccountInfoDouble(ACCOUNT_MARGIN_LEVEL)<=AccountInfoDouble(ACCOUNT_MARGIN_SO_CALL)){



Alert(&quot;Margin Call!!!&quot;);



return(0);



}}



 



if((ENUM_ACCOUNT_STOPOUT_MODE)AccountInfoInteger(ACCOUNT_MARGIN_SO_MODE)==ACCOUNT_STOPOUT_MODE_MONEY){



if(AccountInfoDouble(ACCOUNT_EQUITY)<=AccountInfoDouble(ACCOUNT_MARGIN_SO_CALL)){



Alert(&quot;Margin Call!!!&quot;);



return(0);



}}



 



// The level of margin at which there is the forced closure of the most unprofitable position



if((ENUM_ACCOUNT_STOPOUT_MODE)AccountInfoInteger(ACCOUNT_MARGIN_SO_MODE)==ACCOUNT_STOPOUT_MODE_PERCENT){



if(AccountInfoDouble(ACCOUNT_MARGIN_LEVEL)!=0&&AccountInfoDouble(ACCOUNT_MARGIN_LEVEL)<=AccountInfoDouble(ACCOUNT_MARGIN_SO_SO)){



Alert(&quot;Stop Out!!!&quot;);



return(0);



}}



 



if((ENUM_ACCOUNT_STOPOUT_MODE)AccountInfoInteger(ACCOUNT_MARGIN_SO_MODE)==ACCOUNT_STOPOUT_MODE_MONEY){



if(AccountInfoDouble(ACCOUNT_EQUITY)<=AccountInfoDouble(ACCOUNT_MARGIN_SO_SO)){



Alert(&quot;Stop Out!!!&quot;);



return(0);



}}



 



//-----------------------------------------------------------------------



 



// Check the amount of available funds in the account are available to open a position



double margin;



MqlTick last_tick;



ResetLastError();



if(SymbolInfoTick(Symbol(),last_tick))



     {           



      if(OrderCalcMargin(ORDER_TYPE_BUY,Symbol(),Lot,last_tick.ask,margin))



        {



     if(margin>AccountInfoDouble(ACCOUNT_MARGIN_FREE)){



      Alert(&quot;Not enough money in the account!&quot;);



      return(0);    



     }     



        }



     }



   else



     {



      Print(GetLastError());



     }



 



//----------------------------------------------------------------------



 



// Control of the broker spread



 



double _spread=SymbolInfoInteger(Symbol(),SYMBOL_SPREAD)*MathPow(10,-SymbolInfoInteger(Symbol(),SYMBOL_DIGITS))/MathPow(10,-4);



 



if(_spread>spreadLevel){



Alert(&quot;Too big spread!&quot;);



return(0);



}



 



//-----------------------------------------------------------------------



 



// Check restrictions on the trading operations of the symbol, which are set by the broker



if((ENUM_SYMBOL_TRADE_MODE)SymbolInfoInteger(Symbol(),SYMBOL_TRADE_MODE)!=SYMBOL_TRADE_MODE_FULL){



Alert(&quot;There are restrictions on trading operations&quot;);



return(0);



}



 



//-----------------------------------------------------------------------



 



// Are there enough bars in the history to calculate the expert



 



if(Bars(Symbol(), 0)<100) 



     {



      Alert(&quot;In the chart little bars, Expert will not work!!&quot;);



      return(0);



     }



 



     return(1);   



}



 



//+------------------------------------------------------------------+



//| Expert tick function                                             |



//+------------------------------------------------------------------+



void OnTick()



  {



 



if(!OnCheckTradeTick()){



return;



}



 



//-----------------------------------------------------------------------



 



// Limit calculations of he expert for the appearance of a new bar on the chart



 



static datetime last_time;



datetime last_bar_time=(datetime)SeriesInfoInteger(Symbol(),Period(),SERIES_LASTBAR_DATE); 



if(last_time!=last_bar_time)



{



last_time=last_bar_time;    



}else{



return;



}



 



// Limit calculations of the expert with the flagStopLoss



 



static datetime last_time_daily;



datetime last_bar_time_daily=(datetime)SeriesInfoInteger(Symbol(),PERIOD_D1,SERIES_LASTBAR_DATE); 



if(last_time_daily!=last_bar_time_daily)



{



last_time_daily=last_bar_time_daily;



flagStopLoss=false;   



}



 



if(flagStopLoss==true)return;



//-----------------------------------------------------------------------



 



// Check for an open position, so you do not try to open it again



 



   bool BuyOpened=false; 



   bool SellOpened=false;



 



   if(PositionSelect(_Symbol)==true)



     {



      if(PositionGetInteger(POSITION_TYPE)==POSITION_TYPE_BUY)



        {



         BuyOpened=true; 



        }



      else if(PositionGetInteger(POSITION_TYPE)==POSITION_TYPE_SELL)



        {



         SellOpened=true;



        }



     }



 



//-----------------------------------------------------------------------



 



// To calculate signals of the trading system, it requires historical symbol data



 



MqlRates mrate[];



ResetLastError();



if(CopyRates(Symbol(),Period(),0,numberBarStopPosition,mrate)<0)



     {



Print(GetLastError());



      return;



     } 



 



ArraySetAsSeries(mrate,true);



 



//-----------------------------------------------------------------------



 



bool TradeSignalBuy=false;



bool TradeSignalSell=false;



 



 



TradeSignalBuy=OnTradeSignalBuy();



TradeSignalSell=OnTradeSignalSell();



 



bool TradeSignalBuyStop=false;



bool TradeSignalSellStop=false;



 



 



TradeSignalBuyStop=OnTradeSignalBuyStop(mrate);



TradeSignalSellStop=OnTradeSignalSellStop(mrate);



 



//-----------------------------------------------------------------------



MqlTradeRequest mrequest;



MqlTradeCheckResult check_result;



MqlTradeResult mresult;



 



MqlTick latest_price;



if(!SymbolInfoTick(_Symbol,latest_price))



     {



      Alert(&quot;Failure to get the latest quotes:&quot;,GetLastError(),&quot;!!&quot;);



      return;



     }



if(TradeSignalBuy==true&&BuyOpened==false){



//--------------------------------------------------------------------------------------------------------------------  



if(((ENUM_SYMBOL_TRADE_EXECUTION)SymbolInfoInteger(Symbol(),SYMBOL_TRADE_EXEMODE))==SYMBOL_TRADE_EXECUTION_INSTANT){



ZeroMemory(mrequest);



mrequest.action = TRADE_ACTION_DEAL;                             



mrequest.symbol = _Symbol;



mrequest.volume = Lot;



mrequest.price = NormalizeDouble(latest_price.ask,_Digits);



mrequest.sl = NormalizeDouble(latest_price.bid - StopLoss,_Digits);



mrequest.tp = NormalizeDouble(latest_price.ask + Profit,_Digits);



mrequest.deviation=10; 



mrequest.type = ORDER_TYPE_BUY;               



mrequest.type_filling = ORDER_FILLING_FOK;



 



ZeroMemory(check_result);



ZeroMemory(mresult);



if(!OrderCheck(mrequest,check_result))



     {



     if(check_result.retcode==10014)Alert(&quot;Wrong volume in the request&quot;);



if(check_result.retcode==10015)Alert(&quot;Wrong price in the request&quot;);



if(check_result.retcode==10016)Alert(&quot;Wrong Stop Loss in the request&quot;);



if(check_result.retcode==10019)Alert(&quot;There is not enough money to make the request&quot;);



      return;



     }else{



if(OrderSend(mrequest,mresult)){



if(mresult.retcode==10009 || mresult.retcode==10008) // Request is made or the order is successfully placed



           {          



Print(&quot;Price &quot;, mresult.price);                     



           }



         else



           {



if(mresult.retcode==10004) // Requote



{



Print(&quot;Requote bid &quot;,mresult.bid);



Print(&quot;Requote ask &quot;,mresult.ask);



}else{



Print(&quot;Retcode &quot;,mresult.retcode);



}        



           } 



}else{



Print(&quot;Retcode &quot;,mresult.retcode);



}



}



}



//-------------------------------------------------------------------------------------------------------------



if(((ENUM_SYMBOL_TRADE_EXECUTION)SymbolInfoInteger(Symbol(),SYMBOL_TRADE_EXEMODE))==SYMBOL_TRADE_EXECUTION_EXCHANGE){



ZeroMemory(mrequest);



mrequest.action = TRADE_ACTION_DEAL;                             



mrequest.symbol = _Symbol;



mrequest.volume = Lot;



mrequest.type = ORDER_TYPE_BUY;               



mrequest.type_filling = ORDER_FILLING_FOK;



 



ZeroMemory(check_result);



ZeroMemory(mresult);



if(!OrderCheck(mrequest,check_result))



     {



     if(check_result.retcode==10014)Alert(&quot;Wrong volume in the request&quot;);



if(check_result.retcode==10019)Alert(&quot;There is not enough money to make the request&quot;);



      return;



     }else{



if(OrderSend(mrequest,mresult)){



if(mresult.retcode==10009 || mresult.retcode==10008) // Request is made or the order is successfully placed



           {



//-----------------------          



ZeroMemory(mrequest);          



mrequest.action = TRADE_ACTION_SLTP;



mrequest.symbol = _Symbol;   



mrequest.sl = NormalizeDouble(mresult.price - StopLoss,_Digits);



mrequest.tp = NormalizeDouble(mresult.price + Profit,_Digits);



ZeroMemory(check_result);



ZeroMemory(mresult);



if(!OrderCheck(mrequest,check_result))



     {    



     if(check_result.retcode==10015)Alert(&quot;Wrong price in the request&quot;);



if(check_result.retcode==10016)Alert(&quot;Wrong Stop Loss in the request&quot;);    



      return;



     }else{



if(OrderSend(mrequest,mresult)){



if(mresult.retcode==10009 || mresult.retcode==10008) // Request is made or the order is successfully placed



           {          



Print(&quot;SL &quot;, mrequest.sl, &quot;TP &quot;,mrequest.tp);                     



           }



         else



           {



Print(&quot;Retcode &quot;,mresult.retcode);       



           } 



}else{



Print(&quot;Retcode &quot;,mresult.retcode);



}



}



//------------------------------------------                                  



           }



         else



           {



Print(&quot;Retcode &quot;,mresult.retcode);   



           } 



}else{



Print(&quot;Retcode &quot;,mresult.retcode);



}



}



}



//-----------------------------------------------------------------------



}



//-----------------------------------------------------------------------



if(TradeSignalSellStop==true&&SellOpened==true){



//----------------------------------------------------------------------- 



if(((ENUM_SYMBOL_TRADE_EXECUTION)SymbolInfoInteger(Symbol(),SYMBOL_TRADE_EXEMODE))==SYMBOL_TRADE_EXECUTION_INSTANT){



ZeroMemory(mrequest);



mrequest.action = TRADE_ACTION_DEAL;                             



mrequest.symbol = _Symbol;



mrequest.volume = Lot;



mrequest.price = NormalizeDouble(latest_price.ask,_Digits);



mrequest.sl = NormalizeDouble(0.0,_Digits);



mrequest.tp = NormalizeDouble(0.0,_Digits);



mrequest.deviation=10; 



mrequest.type = ORDER_TYPE_BUY;               



mrequest.type_filling = ORDER_FILLING_FOK;



 



ZeroMemory(check_result);



ZeroMemory(mresult);



if(!OrderCheck(mrequest,check_result))



     {



     if(check_result.retcode==10014)Alert(&quot;Wrong volume in the request&quot;);



if(check_result.retcode==10015)Alert(&quot;Wrong price in the request&quot;);



if(check_result.retcode==10016)Alert(&quot;Wrong Stop Loss in the request&quot;);



if(check_result.retcode==10019)Alert(&quot;There is not enough money to make the request&quot;);



      return;



     }else{



if(OrderSend(mrequest,mresult)){



if(mresult.retcode==10009 || mresult.retcode==10008) // Request is made or the order is successfully placed



           {          



Print(&quot;Price &quot;, mresult.price);                     



           }



         else



           {



if(mresult.retcode==10004) // Requote



{



Print(&quot;Requote bid &quot;,mresult.bid);



Print(&quot;Requote ask &quot;,mresult.ask);



}else{



Print(&quot;Retcode &quot;,mresult.retcode);



}        



           } 



}else{



Print(&quot;Retcode &quot;,mresult.retcode);



}



}



}



//-----------------------------------------------------------------------



if(((ENUM_SYMBOL_TRADE_EXECUTION)SymbolInfoInteger(Symbol(),SYMBOL_TRADE_EXEMODE))==SYMBOL_TRADE_EXECUTION_EXCHANGE){



ZeroMemory(mrequest);



mrequest.action = TRADE_ACTION_DEAL;                             



mrequest.symbol = _Symbol;



mrequest.volume = Lot;



mrequest.type = ORDER_TYPE_BUY;               



mrequest.type_filling = ORDER_FILLING_FOK;



 



ZeroMemory(check_result);



ZeroMemory(mresult);



if(!OrderCheck(mrequest,check_result))



     {



     if(check_result.retcode==10014)Alert(&quot;Wrong volume in the request&quot;);



if(check_result.retcode==10019)Alert(&quot;There is not enough money to make the request&quot;);



      return;



     }else{



if(OrderSend(mrequest,mresult)){



if(mresult.retcode==10009 || mresult.retcode==10008) // Request is made or the order is successfully placed



           {



Print(&quot;Price &quot;, mresult.price);                               



           }



         else



           {



Print(&quot;Retcode &quot;,mresult.retcode);   



           } 



}else{



Print(&quot;Retcode &quot;,mresult.retcode);



}



}



}



//-----------------------------------------------------------------------



}    



//-----------------------------------------------------------------------  



if(TradeSignalSell==true&&SellOpened==false){



//-----------------------------------------------------------------------



if(((ENUM_SYMBOL_TRADE_EXECUTION)SymbolInfoInteger(Symbol(),SYMBOL_TRADE_EXEMODE))==SYMBOL_TRADE_EXECUTION_INSTANT){



ZeroMemory(mrequest);



mrequest.action = TRADE_ACTION_DEAL;                             



mrequest.symbol = _Symbol;



mrequest.volume = Lot;



mrequest.price = NormalizeDouble(latest_price.bid,_Digits);



mrequest.sl = NormalizeDouble(latest_price.ask + StopLoss,_Digits);



mrequest.tp = NormalizeDouble(latest_price.bid - Profit,_Digits);



mrequest.deviation=10; 



mrequest.type = ORDER_TYPE_SELL;               



mrequest.type_filling = ORDER_FILLING_FOK;



 



ZeroMemory(check_result);



ZeroMemory(mresult);



if(!OrderCheck(mrequest,check_result))



     {



     if(check_result.retcode==10014)Alert(&quot;Wrong volume in the request&quot;);



if(check_result.retcode==10015)Alert(&quot;Wrong price in the request&quot;);



if(check_result.retcode==10016)Alert(&quot;Wrong Stop Loss in the request&quot;);



if(check_result.retcode==10019)Alert(&quot;There is not enough money to make the request&quot;);



      return;



     }else{



if(OrderSend(mrequest,mresult)){



if(mresult.retcode==10009 || mresult.retcode==10008) // Request is made or the order is successfully placed



           {          



Print(&quot;Price &quot;, mresult.price);                     



           }



         else



           {



if(mresult.retcode==10004) // Requote



{



Print(&quot;Requote bid &quot;,mresult.bid);



Print(&quot;Requote ask &quot;,mresult.ask);



}else{



Print(&quot;Retcode &quot;,mresult.retcode);



}        



           } 



}else{



Print(&quot;Retcode &quot;,mresult.retcode);



}



}



}



//-----------------------------------------------------------------------



if(((ENUM_SYMBOL_TRADE_EXECUTION)SymbolInfoInteger(Symbol(),SYMBOL_TRADE_EXEMODE))==SYMBOL_TRADE_EXECUTION_EXCHANGE){



ZeroMemory(mrequest);



mrequest.action = TRADE_ACTION_DEAL;                             



mrequest.symbol = _Symbol;



mrequest.volume = Lot;



mrequest.type = ORDER_TYPE_SELL;               



mrequest.type_filling = ORDER_FILLING_FOK;



 



ZeroMemory(check_result);



ZeroMemory(mresult);



if(!OrderCheck(mrequest,check_result))



     {



     if(check_result.retcode==10014)Alert(&quot;Wrong volume in the request&quot;);



if(check_result.retcode==10019)Alert(&quot;There is not enough money to make the request&quot;);



      return;



     }else{



if(OrderSend(mrequest,mresult)){



if(mresult.retcode==10009 || mresult.retcode==10008) // Request is made or the order is successfully placed



           {



//-----------------------          



ZeroMemory(mrequest);          



mrequest.action = TRADE_ACTION_SLTP;



mrequest.symbol = _Symbol;   



mrequest.tp = NormalizeDouble(mresult.price - Profit,_Digits);



mrequest.sl = NormalizeDouble(mresult.price + StopLoss,_Digits);



ZeroMemory(check_result);



ZeroMemory(mresult);



if(!OrderCheck(mrequest,check_result))



     {    



     if(check_result.retcode==10015)Alert(&quot;Wrong price in the request&quot;);



if(check_result.retcode==10016)Alert(&quot;Wrong Stop Loss in the request&quot;);    



      return;



     }else{



if(OrderSend(mrequest,mresult)){



if(mresult.retcode==10009 || mresult.retcode==10008) // Request is made or the order is successfully placed



           {          



Print(&quot;SL &quot;, mrequest.sl, &quot;TP &quot;,mrequest.tp);                     



           }



         else



           {



Print(&quot;Retcode &quot;,mresult.retcode);       



           } 



}else{



Print(&quot;Retcode &quot;,mresult.retcode);



}



}



//------------------------------------------                                  



           }



         else



           {



Print(&quot;Retcode &quot;,mresult.retcode);   



           } 



}else{



Print(&quot;Retcode &quot;,mresult.retcode);



}



}



}



//-----------------------------------------------------------------------



 



}    



//-----------------------------------------------------------------------



if(TradeSignalBuyStop==true&&BuyOpened==true){



//-----------------------------------------------------------------------



if(((ENUM_SYMBOL_TRADE_EXECUTION)SymbolInfoInteger(Symbol(),SYMBOL_TRADE_EXEMODE))==SYMBOL_TRADE_EXECUTION_INSTANT){



ZeroMemory(mrequest);



mrequest.action = TRADE_ACTION_DEAL;                             



mrequest.symbol = _Symbol;



mrequest.volume = Lot;



mrequest.price = NormalizeDouble(latest_price.bid,_Digits);



mrequest.sl = NormalizeDouble(0.0,_Digits);



mrequest.tp = NormalizeDouble(0.0,_Digits);



mrequest.deviation=10; 



mrequest.type = ORDER_TYPE_SELL;               



mrequest.type_filling = ORDER_FILLING_FOK;



 



ZeroMemory(check_result);



ZeroMemory(mresult);



if(!OrderCheck(mrequest,check_result))



     {



     if(check_result.retcode==10014)Alert(&quot;Wrong volume in the request&quot;);



if(check_result.retcode==10015)Alert(&quot;Wrong price in the request&quot;);



if(check_result.retcode==10016)Alert(&quot;Wrong Stop Loss in the request&quot;);



if(check_result.retcode==10019)Alert(&quot;There is not enough money to make the request&quot;);



      return;



     }else{



if(OrderSend(mrequest,mresult)){



if(mresult.retcode==10009 || mresult.retcode==10008) // Request is made or the order is successfully placed



           {          



Print(&quot;Price &quot;, mresult.price);                     



           }



         else



           {



if(mresult.retcode==10004) // Requote



{



Print(&quot;Requote bid &quot;,mresult.bid);



Print(&quot;Requote ask &quot;,mresult.ask);



}else{



Print(&quot;Retcode &quot;,mresult.retcode);



}        



           } 



}else{



Print(&quot;Retcode &quot;,mresult.retcode);



}



}



}



//-----------------------------------------------------------------------



if(((ENUM_SYMBOL_TRADE_EXECUTION)SymbolInfoInteger(Symbol(),SYMBOL_TRADE_EXEMODE))==SYMBOL_TRADE_EXECUTION_EXCHANGE){



ZeroMemory(mrequest);



mrequest.action = TRADE_ACTION_DEAL;                             



mrequest.symbol = _Symbol;



mrequest.volume = Lot;



mrequest.type = ORDER_TYPE_SELL;               



mrequest.type_filling = ORDER_FILLING_FOK;



 



ZeroMemory(check_result);



ZeroMemory(mresult);



if(!OrderCheck(mrequest,check_result))



     {



     if(check_result.retcode==10014)Alert(&quot;Wrong volume in the request&quot;);



if(check_result.retcode==10019)Alert(&quot;There is not enough money to make the request&quot;);



      return;



     }else{



if(OrderSend(mrequest,mresult)){



if(mresult.retcode==10009 || mresult.retcode==10008) // Request is made or the order is successfully placed



           {



Print(&quot;Price &quot;, mresult.price);                                  



           }



         else



           {



Print(&quot;Retcode &quot;,mresult.retcode);   



           } 



}else{



Print(&quot;Retcode &quot;,mresult.retcode);



}



}



}



//-----------------------------------------------------------------------



 



}    



//-----------------------------------------------------------------------



} 



 



//+------------------------------------------------------------------+



//| Trade function                                                   |



//+------------------------------------------------------------------+



void OnTrade()



  {



static int _deals;



ulong _ticket=0;



 



if(HistorySelect(0,TimeCurrent()))



  {



int  i=HistoryDealsTotal()-1;



 



   if(_deals!=i) {   



   _deals=i;



   } else { return; }



 



   if((_ticket=HistoryDealGetTicket(i))>0)



     {



      string _comment=HistoryDealGetString(_ticket,DEAL_COMMENT);     



      if(StringFind(_comment,&quot;sl&quot;,0)!=-1) {      



      flagStopLoss=true;



      }          



     }



  }  



  }



 



bool OnTradeSignalBuy(){



 



bool flagBuy=false;



 



if(CopyBuffer(handleIMA18,0,0,numberBarOpenPosition,MA18Buffer)<0)



     {     



      return false;



     }



 



if(CopyBuffer(handleIMA28,0,0,numberBarOpenPosition,MA28Buffer)<0)



     {     



      return false;



     }



 



if(CopyBuffer(handleIWMA5,0,0,numberBarOpenPosition,WMA5Buffer)<0)



     {     



      return false;



     }



 



if(CopyBuffer(handleIWMA8,0,0,numberBarOpenPosition,WMA8Buffer)<0)



     {     



      return false;



     }  



 



ArraySetAsSeries(MA18Buffer,true);



ArraySetAsSeries(MA28Buffer,true);



ArraySetAsSeries(WMA5Buffer,true); 



ArraySetAsSeries(WMA8Buffer,true);



 



bool flagCross1=false;



bool flagCross2=false;



bool flagCross=false;



 



if(WMA5Buffer[1]>MA18Buffer[1]&&WMA5Buffer[1]>MA28Buffer[1]&&WMA8Buffer[1]>MA18Buffer[1]&&WMA8Buffer[1]>MA28Buffer[1]){



for (int i=2;i<numberBarOpenPosition;i++){



if(WMA5Buffer[i]<MA18Buffer[i]&&WMA5Buffer[i]<MA28Buffer[i]){



flagCross1=true;



}



if(WMA8Buffer[i]<MA18Buffer[i]&&WMA8Buffer[i]<MA28Buffer[i]){



flagCross2=true;



}



}



if(flagCross1==true&&flagCross2==true){



flagCross=true;



}



}



 



flagBuy=flagCross;



 



return flagBuy;



}



//------------------------------------------------------------------------



bool OnTradeSignalBuyStop(MqlRates& mrate[]){



 



bool flagBuyStop=false;



 



if(CopyBuffer(handleIWMA5,0,0,numberBarStopPosition,WMA5Buffer)<0)



     {     



      return false;



     }



 



if(CopyBuffer(handleIWMA8,0,0,numberBarStopPosition,WMA8Buffer)<0)



     {     



      return false;



     }  



 



ArraySetAsSeries(WMA5Buffer,true); 



ArraySetAsSeries(WMA8Buffer,true);



 



bool flagCross=false;



 



if(WMA5Buffer[1]<WMA8Buffer[1]){



for (int i=2;i<numberBarStopPosition;i++){



if(WMA5Buffer[i]>WMA8Buffer[i]){



flagCross=true;



}



}



}



 



double max=mrate[1].high;



 



for (int i=1;i<numberBarStopPosition;i++){



if(mrate[i].high>max)max=mrate[i].high;



}



 



if(flagCross==true&&mrate[1].high<=max&&mrate[numberBarStopPosition-1].high<=max){



flagBuyStop=true;



}



 



return flagBuyStop;



}



//------------------------------------------------------------------------



bool OnTradeSignalSell(){



 



bool flagSell=false;



 



if(CopyBuffer(handleIMA18,0,0,numberBarOpenPosition,MA18Buffer)<0)



     {     



      return false;



     }



 



if(CopyBuffer(handleIMA28,0,0,numberBarOpenPosition,MA28Buffer)<0)



     {     



      return false;



     }



 



if(CopyBuffer(handleIWMA5,0,0,numberBarOpenPosition,WMA5Buffer)<0)



     {     



      return false;



     }



 



if(CopyBuffer(handleIWMA8,0,0,numberBarOpenPosition,WMA8Buffer)<0)



     {     



      return false;



     }  



 



ArraySetAsSeries(MA18Buffer,true);



ArraySetAsSeries(MA28Buffer,true);



ArraySetAsSeries(WMA5Buffer,true); 



ArraySetAsSeries(WMA8Buffer,true);



 



bool flagCross1=false;



bool flagCross2=false;



bool flagCross=false;



 



if(WMA5Buffer[1]<MA18Buffer[1]&&WMA5Buffer[1]<MA28Buffer[1]&&WMA8Buffer[1]<MA18Buffer[1]&&WMA8Buffer[1]<MA28Buffer[1]){



for (int i=2;i<numberBarOpenPosition;i++){



if(WMA5Buffer[i]>MA18Buffer[i]&&WMA5Buffer[i]>MA28Buffer[i]){



flagCross1=true;



}



if(WMA8Buffer[i]>MA18Buffer[i]&&WMA8Buffer[i]>MA28Buffer[i]){



flagCross2=true;



}



}



if(flagCross1==true&&flagCross2==true){



flagCross=true;



}



}



 



flagSell=flagCross;



 



return flagSell;



}



//------------------------------------------------------



bool OnTradeSignalSellStop(MqlRates& mrate[]){



 



bool flagSellStop=false;



 



if(CopyBuffer(handleIWMA5,0,0,numberBarStopPosition,WMA5Buffer)<0)



     {     



      return false;



     }



 



if(CopyBuffer(handleIWMA8,0,0,numberBarStopPosition,WMA8Buffer)<0)



     {     



      return false;



     }  



 



ArraySetAsSeries(WMA5Buffer,true); 



ArraySetAsSeries(WMA8Buffer,true);



 



bool flagCross=false;



 



if(WMA5Buffer[1]>WMA8Buffer[1]){



for (int i=2;i<numberBarStopPosition;i++){



if(WMA5Buffer[i]<WMA8Buffer[i]){



flagCross=true;



}



}



}



 



double min=mrate[1].low;



 



for (int i=1;i<numberBarStopPosition;i++){



if(mrate[i].low<min)min=mrate[i].low;



}



 



if(flagCross==true&&mrate[1].low>=min&&mrate[numberBarStopPosition-1].low>=min){



flagSellStop=true;



}



 



return flagSellStop;



}



Here, before the callback functions, input parameters are declared: numberBarOpenPosition - a number of bars, on which it will check the intersection of the 5WMA and 8 WMA with the tunnel of the 18 EMA and 28 EMA; and numberBarStopPosition - a number of bars on which it will check the intersection of the 5WMA with the 8 WMA and when the price reaches the top or bottom.



Further, handles of indicators and dynamic arrays of indicator values are declared.



In the OnInit method, indicator handles are returned using standard functions.



In the method OnTick, to get signals to buy or sell, the functions OnTradeSignalBuy, OnTradeSignalSell, OnTradeSignalBuyStop, and OnTradeSignalSellStop are called.



In the functions OnTradeSignalBuy and OnTradeSignalSell, using indicator handles, dynamic arrays of indicator values are filled ​​and the intersection of the 5WMA and 8 WMA with the tunnel of the 18 EMA and 28 EMA is checked on the number of bars numberBarOpenPosition.



In the functions OnTradeSignalBuyStop and OnTradeSignalSellStop, using indicator handles, dynamic arrays of indicator values are filled and the intersection of the 5WMA with the 8 WMA and price reaching the top or bottom is checked on the number of bars numberBarStopPosition.



After compiling the expert, in the client terminal, let’s right click on the expert and choose Test.



Let's try to optimize parameters numberBarOpenPosition and numberBarStopPosition in the tab Inputs of the Strategy Tester.
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As a result of the optimization, we will get a profit at a value of the numberBarOpenPosition = 3, regardless of numberBarStopPosition values.



It happened because the only two times at three bars there was the intersection of the 5WMA and 8 WMA with the tunnel of the 18 EMA and 28 EMA and both times the deal was profitable.



If you take a longer period, the picture is not so rosy, though the profit will remain at the value of the numberBarOpenPosition = 3, regardless of numberBarStopPosition values.



If you change the parameter of the price of the indicators on the PRICE_WEIGHTED, the profit will be improved.



Conditions when market reaches the bottom or top can be replaced by a horizontal line of the EMA.



MathAbs(WMA5Buffer[1]-WMA5Buffer[numberBarStopPosition-1])<0.001



You can remove the effect of the signals TradeSignalBuyStop and TradeSignalSellStop and only work on the getting Take Profit or Stop Loss.




An example of creating an expert using the OOP




In the previous example of the advisor, let’s place the functions OnCheckTradeInit, OnCheckTradeTick, OnTradeSignalBuy, OnTradeSignalBuyStop, OnTradeSignalSell, and OnTradeSignalSellStop, as well as the code of opening and closing positions in separate classes.



Let’s place checking functions OnCheckTradeInit and OnCheckTradeTick in the class CheckTrade.



class CheckTrade



  {



private:



 



public:



                     CheckTrade();



                    ~CheckTrade();



int                  OnCheckTradeInit(double   lot);



int                  OnCheckTradeTick(double   lot,double spread);



  };



//+------------------------------------------------------------------+



//|                                                                  |



//+------------------------------------------------------------------+



CheckTrade::CheckTrade()



  {



  }



//+------------------------------------------------------------------+



//|                                                                  |



//+------------------------------------------------------------------+



CheckTrade::~CheckTrade()



  {



  }



//+------------------------------------------------------------------+



int CheckTrade::OnCheckTradeInit(double   lot){



// Check to run the expert on the real account 



if((ENUM_ACCOUNT_TRADE_MODE)AccountInfoInteger(ACCOUNT_TRADE_MODE)==ACCOUNT_TRADE_MODE_REAL){ 



  int mb=MessageBox(&quot;Run the expert on the real account?&quot;,&quot;Message Box&quot;,MB_YESNO|MB_ICONQUESTION);     



  if(mb==IDNO) return(0);    



}



//-------------------------------------------------



// Checks: trade is prohibited in the case of connection to an account in the investor mode



// There is no connection to the server, a trade prohibition on the server side, if the account is sent to the archive



// Broker prohibits automated trading



 



if(!TerminalInfoInteger(TERMINAL_CONNECTED)){



Alert(&quot;No connection to the trade server&quot;);



return(0);



}else{



if(!AccountInfoInteger(ACCOUNT_TRADE_ALLOWED)){



Alert(&quot;Trade for this account is prohibited&quot;);



return(0);



  }



}



  if(!AccountInfoInteger(ACCOUNT_TRADE_EXPERT)){



      Alert(&quot;Trade with the help of experts for the account is prohibited&quot;);



   return(0);



  }



 



  //---------------------------------------------------------------------



 



// Check the correctness of the volume to which we are going to enter the market



   if(lot<SymbolInfoDouble(Symbol(),SYMBOL_VOLUME_MIN)||lot>SymbolInfoDouble(Symbol(),SYMBOL_VOLUME_MAX)){



Alert(&quot;Lot is not correct!!!&quot;);     



      return(0);



}



   return(INIT_SUCCEEDED);



 



}



 



int CheckTrade::OnCheckTradeTick(double   lot,double spread){



 



// Check for the connection to the server



if(!TerminalInfoInteger(TERMINAL_CONNECTED)){



Alert(&quot;No connection to the trade server&quot;);



return(0);



}



 



// Is the button for auto-trading enabled in the client terminal



if (!TerminalInfoInteger(TERMINAL_TRADE_ALLOWED)){



Alert(&quot;Permission on the automated trading is turned off!&quot;);



return(0);



}



 



// Permission to trade with the help of an expert is disabled in the general properties of the expert  



 



if(!MQLInfoInteger(MQL_TRADE_ALLOWED)){



Alert(&quot;Automated trading is prohibited in the expert properties&quot;,__FILE__);



return(0);



}



 



//-----------------------------------------------------------------------



 



// The level of margin at which it is required to deposit funds



if((ENUM_ACCOUNT_STOPOUT_MODE)AccountInfoInteger(ACCOUNT_MARGIN_SO_MODE)==ACCOUNT_STOPOUT_MODE_PERCENT){



if(AccountInfoDouble(ACCOUNT_MARGIN_LEVEL)!=0&&AccountInfoDouble(ACCOUNT_MARGIN_LEVEL)<=AccountInfoDouble(ACCOUNT_MARGIN_SO_CALL)){



Alert(&quot;Margin Call!!!&quot;);



return(0);



}}



 



if((ENUM_ACCOUNT_STOPOUT_MODE)AccountInfoInteger(ACCOUNT_MARGIN_SO_MODE)==ACCOUNT_STOPOUT_MODE_MONEY){



if(AccountInfoDouble(ACCOUNT_EQUITY)<=AccountInfoDouble(ACCOUNT_MARGIN_SO_CALL)){



Alert(&quot;Margin Call!!!&quot;);



return(0);



}}



 



// The level of margin at which there is the forced closure of the most unprofitable position



if((ENUM_ACCOUNT_STOPOUT_MODE)AccountInfoInteger(ACCOUNT_MARGIN_SO_MODE)==ACCOUNT_STOPOUT_MODE_PERCENT){



if(AccountInfoDouble(ACCOUNT_MARGIN_LEVEL)!=0&&AccountInfoDouble(ACCOUNT_MARGIN_LEVEL)<=AccountInfoDouble(ACCOUNT_MARGIN_SO_SO)){



Alert(&quot;Stop Out!!!&quot;);



return(0);



}}



 



if((ENUM_ACCOUNT_STOPOUT_MODE)AccountInfoInteger(ACCOUNT_MARGIN_SO_MODE)==ACCOUNT_STOPOUT_MODE_MONEY){



if(AccountInfoDouble(ACCOUNT_EQUITY)<=AccountInfoDouble(ACCOUNT_MARGIN_SO_SO)){



Alert(&quot;Stop Out!!!&quot;);



return(0);



}}



 



//-----------------------------------------------------------------------



 



// Check the amount of available funds in the account are available to open a position



double margin;



MqlTick last_tick;



ResetLastError();



if(SymbolInfoTick(Symbol(),last_tick))



     {           



      if(OrderCalcMargin(ORDER_TYPE_BUY,Symbol(),lot,last_tick.ask,margin))



        {



     if(margin>AccountInfoDouble(ACCOUNT_MARGIN_FREE)){



      Alert(&quot;Not enough money in the account!&quot;);



      return(0);    



     }     



        }



     }



   else



     {



      Print(GetLastError());



     }



 



//----------------------------------------------------------------------



 



// Control of the broker spread



double _spread=SymbolInfoInteger(Symbol(),SYMBOL_SPREAD)*MathPow(10,-SymbolInfoInteger(Symbol(),SYMBOL_DIGITS))/MathPow(10,-4);



 



if(_spread>spread){



Alert(&quot;Too big spread!&quot;);



return(0);



}



 



//-----------------------------------------------------------------------



 



// Check restrictions on the trading operations of the symbol, which are set by the broker



if((ENUM_SYMBOL_TRADE_MODE)SymbolInfoInteger(Symbol(),SYMBOL_TRADE_MODE)!=SYMBOL_TRADE_MODE_FULL){



Alert(&quot;There are restrictions on trading operations&quot;);



return(0);



}



 



//-----------------------------------------------------------------------



 



// Are there enough bars in the history to calculate the expert



if(Bars(Symbol(), 0)<100) 



     {



      Alert(&quot;In the chart little bars, Expert will not work!!&quot;);



      return(0);



     }



 



     return(1);   



}



Let’s place the code of opening and closing positions in the Trade class.



class Trade



  {



private:



double StopLoss;



double Profit;



double   Lot;



public:



                     Trade(double stopLoss, double profit, double lot);



                    ~Trade();



void                 Order(bool Buy, bool StopBuy, bool Sell, bool StopSell);              



  };



//+------------------------------------------------------------------+



//|                                                                  |



//+------------------------------------------------------------------+



Trade::Trade(double stopLoss, double profit, double lot)



  {



  StopLoss=stopLoss;



  Profit=profit;



  Lot=lot;



  }



//+------------------------------------------------------------------+



//|                                                                  |



//+------------------------------------------------------------------+



Trade::~Trade()



  {



  }



//+------------------------------------------------------------------+



Trade::Order(bool Buy, bool BuyStop, bool Sell, bool SellStop){



// Check for an open position, so you do not try to open it again



   bool BuyOpened=false; 



   bool SellOpened=false;



 



   if(PositionSelect(_Symbol)==true)



     {



      if(PositionGetInteger(POSITION_TYPE)==POSITION_TYPE_BUY)



        {



         BuyOpened=true; 



        }



      else if(PositionGetInteger(POSITION_TYPE)==POSITION_TYPE_SELL)



        {



         SellOpened=true;



        }



     }



     //------------------------------------------------------------------



MqlTradeRequest mrequest;



MqlTradeCheckResult check_result;



MqlTradeResult mresult;



 



MqlTick latest_price;



if(!SymbolInfoTick(_Symbol,latest_price))



     {



      Alert(&quot;Failure to get the latest quotes:&quot;,GetLastError(),&quot;!!&quot;);



      return;



     }



if(Buy==true&&BuyOpened==false){



//-----------------------------------------------------------------------



if(((ENUM_SYMBOL_TRADE_EXECUTION)SymbolInfoInteger(Symbol(),SYMBOL_TRADE_EXEMODE))==SYMBOL_TRADE_EXECUTION_INSTANT){



ZeroMemory(mrequest);



mrequest.action = TRADE_ACTION_DEAL;                             



mrequest.symbol = _Symbol;



mrequest.volume = Lot;



mrequest.price = NormalizeDouble(latest_price.ask,_Digits);



mrequest.sl = NormalizeDouble(latest_price.bid - StopLoss,_Digits);



mrequest.tp = NormalizeDouble(latest_price.ask + Profit,_Digits);



mrequest.deviation=10; 



mrequest.type = ORDER_TYPE_BUY;               



mrequest.type_filling = ORDER_FILLING_FOK;



 



ZeroMemory(check_result);



ZeroMemory(mresult);



if(!OrderCheck(mrequest,check_result))



     {



if(check_result.retcode==10014)Alert(&quot;Wrong volume in the request&quot;);



if(check_result.retcode==10015)Alert(&quot;Wrong price in the request&quot;);



if(check_result.retcode==10016)Alert(&quot;Wrong Stop Loss in the request&quot;);



if(check_result.retcode==10019)Alert(&quot;There is not enough money to make the request&quot;);



 



      return;



     }else{



if(OrderSend(mrequest,mresult)){



if(mresult.retcode==10009 || mresult.retcode==10008) // Request is made or the order is successfully placed



           {          



Print(&quot;Price &quot;, mresult.price);                     



           }



         else



           {



if(mresult.retcode==10004) // Requote



{



Print(&quot;Requote bid &quot;,mresult.bid);



Print(&quot;Requote ask &quot;,mresult.ask);



}else{



Print(&quot;Retcode &quot;,mresult.retcode);



}        



           } 



}else{



Print(&quot;Retcode &quot;,mresult.retcode);



}



}



}



//-----------------------------------------------------------------------



if(((ENUM_SYMBOL_TRADE_EXECUTION)SymbolInfoInteger(Symbol(),SYMBOL_TRADE_EXEMODE))==SYMBOL_TRADE_EXECUTION_EXCHANGE){



ZeroMemory(mrequest);



mrequest.action = TRADE_ACTION_DEAL;                             



mrequest.symbol = _Symbol;



mrequest.volume = Lot;



mrequest.type = ORDER_TYPE_BUY;               



mrequest.type_filling = ORDER_FILLING_FOK;



 



ZeroMemory(check_result);



ZeroMemory(mresult);



if(!OrderCheck(mrequest,check_result))



     {



if(check_result.retcode==10014)Alert(&quot;Wrong volume in the request&quot;);



if(check_result.retcode==10019)Alert(&quot;There is not enough money to make the request&quot;);



      return;



     }else{



if(OrderSend(mrequest,mresult)){



if(mresult.retcode==10009 || mresult.retcode==10008) // Request is made or the order is successfully placed



           {



//-----------------------          



ZeroMemory(mrequest);          



mrequest.action = TRADE_ACTION_SLTP;



mrequest.symbol = _Symbol;   



mrequest.sl = NormalizeDouble(mresult.price - StopLoss,_Digits);



mrequest.tp = NormalizeDouble(mresult.price + Profit,_Digits);



ZeroMemory(check_result);



ZeroMemory(mresult);



if(!OrderCheck(mrequest,check_result))



     {    



  if(check_result.retcode==10015)Alert(&quot;Wrong price in the request&quot;);



if(check_result.retcode==10016)Alert(&quot;Wrong Stop Loss in the request&quot;);   



      return;



     }else{



if(OrderSend(mrequest,mresult)){



if(mresult.retcode==10009 || mresult.retcode==10008) // Request is made or the order is successfully placed



           {          



Print(&quot;SL &quot;, mrequest.sl, &quot;TP &quot;,mrequest.tp);                     



           }



         else



           {



Print(&quot;Retcode &quot;,mresult.retcode);       



           } 



}else{



Print(&quot;Retcode &quot;,mresult.retcode);



}



}



//------------------------------------------                                  



           }



         else



           {



Print(&quot;Retcode &quot;,mresult.retcode);   



           } 



}else{



Print(&quot;Retcode &quot;,mresult.retcode);



}



}



}



//-----------------------------------------------------------------------



}



//-----------------------------------------------------------------------



if(SellStop==true&&SellOpened==true){



//-----------------------------------------------------------------------



if(((ENUM_SYMBOL_TRADE_EXECUTION)SymbolInfoInteger(Symbol(),SYMBOL_TRADE_EXEMODE))==SYMBOL_TRADE_EXECUTION_INSTANT){



ZeroMemory(mrequest);



mrequest.action = TRADE_ACTION_DEAL;                             



mrequest.symbol = _Symbol;



mrequest.volume = Lot;



mrequest.price = NormalizeDouble(latest_price.ask,_Digits);



mrequest.sl = NormalizeDouble(0.0,_Digits);



mrequest.tp = NormalizeDouble(0.0,_Digits);



mrequest.deviation=10; 



mrequest.type = ORDER_TYPE_BUY;               



mrequest.type_filling = ORDER_FILLING_FOK;



 



ZeroMemory(check_result);



ZeroMemory(mresult);



if(!OrderCheck(mrequest,check_result))



     {



  if(check_result.retcode==10014)Alert(&quot;Wrong volume in the request&quot;);



if(check_result.retcode==10015)Alert(&quot;Wrong price in the request&quot;);



if(check_result.retcode==10016)Alert(&quot;Wrong Stop Loss in the request&quot;);



if(check_result.retcode==10019)Alert(&quot;There is not enough money to make the request&quot;);



      return;



     }else{



if(OrderSend(mrequest,mresult)){



if(mresult.retcode==10009 || mresult.retcode==10008) // Request is made or the order is successfully placed



           {          



Print(&quot;Price &quot;, mresult.price);                     



           }



         else



           {



if(mresult.retcode==10004) // Requote



{



Print(&quot;Requote bid &quot;,mresult.bid);



Print(&quot;Requote ask &quot;,mresult.ask);



}else{



Print(&quot;Retcode &quot;,mresult.retcode);



}        



           } 



}else{



Print(&quot;Retcode &quot;,mresult.retcode);



}



}



}



//-----------------------------------------------------------------------



if(((ENUM_SYMBOL_TRADE_EXECUTION)SymbolInfoInteger(Symbol(),SYMBOL_TRADE_EXEMODE))==SYMBOL_TRADE_EXECUTION_EXCHANGE){



ZeroMemory(mrequest);



mrequest.action = TRADE_ACTION_DEAL;                             



mrequest.symbol = _Symbol;



mrequest.volume = Lot;



mrequest.type = ORDER_TYPE_BUY;               



mrequest.type_filling = ORDER_FILLING_FOK;



 



ZeroMemory(check_result);



ZeroMemory(mresult);



if(!OrderCheck(mrequest,check_result))



     {



if(check_result.retcode==10014)Alert(&quot;Wrong volume in the request&quot;);



if(check_result.retcode==10019)Alert(&quot;There is not enough money to make the request&quot;);



      return;



     }else{



if(OrderSend(mrequest,mresult)){



if(mresult.retcode==10009 || mresult.retcode==10008) // Request is made or the order is successfully placed



           {



Print(&quot;Price &quot;, mresult.price);                               



           }



         else



           {



Print(&quot;Retcode &quot;,mresult.retcode);   



           } 



}else{



Print(&quot;Retcode &quot;,mresult.retcode);



}



}



}



//-----------------------------------------------------------------------



}    



//-----------------------------------------------------------------------



if(Sell==true&&SellOpened==false){



//-----------------------------------------------------------------------



if(((ENUM_SYMBOL_TRADE_EXECUTION)SymbolInfoInteger(Symbol(),SYMBOL_TRADE_EXEMODE))==SYMBOL_TRADE_EXECUTION_INSTANT){



ZeroMemory(mrequest);



mrequest.action = TRADE_ACTION_DEAL;                             



mrequest.symbol = _Symbol;



mrequest.volume = Lot;



mrequest.price = NormalizeDouble(latest_price.bid,_Digits);



mrequest.sl = NormalizeDouble(latest_price.ask + StopLoss,_Digits);



mrequest.tp = NormalizeDouble(latest_price.bid - Profit,_Digits);



mrequest.deviation=10; 



mrequest.type = ORDER_TYPE_SELL;               



mrequest.type_filling = ORDER_FILLING_FOK;



 



ZeroMemory(check_result);



ZeroMemory(mresult);



if(!OrderCheck(mrequest,check_result))



     {



  if(check_result.retcode==10014)Alert(&quot;Wrong volume in the request&quot;);



if(check_result.retcode==10015)Alert(&quot;Wrong price in the request&quot;);



if(check_result.retcode==10016)Alert(&quot;Wrong Stop Loss in the request&quot;);



if(check_result.retcode==10019)Alert(&quot;There is not enough money to make the request&quot;);



      return;



     }else{



if(OrderSend(mrequest,mresult)){



if(mresult.retcode==10009 || mresult.retcode==10008) // Request is made or the order is successfully placed



           {          



Print(&quot;Price &quot;, mresult.price);                     



           }



         else



           {



if(mresult.retcode==10004) // Requote



{



Print(&quot;Requote bid &quot;,mresult.bid);



Print(&quot;Requote ask &quot;,mresult.ask);



}else{



Print(&quot;Retcode &quot;,mresult.retcode);



}        



           } 



}else{



Print(&quot;Retcode &quot;,mresult.retcode);



}



}



}



//-----------------------------------------------------------------------



if(((ENUM_SYMBOL_TRADE_EXECUTION)SymbolInfoInteger(Symbol(),SYMBOL_TRADE_EXEMODE))==SYMBOL_TRADE_EXECUTION_EXCHANGE){



ZeroMemory(mrequest);



mrequest.action = TRADE_ACTION_DEAL;                             



mrequest.symbol = _Symbol;



mrequest.volume = Lot;



mrequest.type = ORDER_TYPE_SELL;               



mrequest.type_filling = ORDER_FILLING_FOK;



 



ZeroMemory(check_result);



ZeroMemory(mresult);



if(!OrderCheck(mrequest,check_result))



     {



   if(check_result.retcode==10014)Alert(&quot;Wrong volume in the request&quot;);



if(check_result.retcode==10019)Alert(&quot;There is not enough money to make the request&quot;);



      return;



     }else{



if(OrderSend(mrequest,mresult)){



if(mresult.retcode==10009 || mresult.retcode==10008) // Request is made or the order is successfully placed



           {



//-----------------------          



ZeroMemory(mrequest);          



mrequest.action = TRADE_ACTION_SLTP;



mrequest.symbol = _Symbol;   



mrequest.tp = NormalizeDouble(mresult.price - Profit,_Digits);



mrequest.sl = NormalizeDouble(mresult.price + StopLoss,_Digits);



ZeroMemory(check_result);



ZeroMemory(mresult);



if(!OrderCheck(mrequest,check_result))



     {    



  if(check_result.retcode==10015)Alert(&quot;Wrong price in the request&quot;);



if(check_result.retcode==10016)Alert(&quot;Wrong Stop Loss in the request&quot;); 



      return;



     }else{



if(OrderSend(mrequest,mresult)){



if(mresult.retcode==10009 || mresult.retcode==10008) // Request is made or the order is successfully placed



           {          



Print(&quot;SL &quot;, mrequest.sl, &quot;TP &quot;,mrequest.tp);                     



           }



         else



           {



Print(&quot;Retcode &quot;,mresult.retcode);       



           } 



}else{



Print(&quot;Retcode &quot;,mresult.retcode);



}



}



//------------------------------------------                                  



           }



         else



           {



Print(&quot;Retcode &quot;,mresult.retcode);   



           } 



}else{



Print(&quot;Retcode &quot;,mresult.retcode);



}



}



}



//-----------------------------------------------------------------------



 



}    



//-----------------------------------------------------------------------



if(BuyStop==true&&BuyOpened==true){



//---------------------------------------------------------------------



if(((ENUM_SYMBOL_TRADE_EXECUTION)SymbolInfoInteger(Symbol(),SYMBOL_TRADE_EXEMODE))==SYMBOL_TRADE_EXECUTION_INSTANT){



ZeroMemory(mrequest);



mrequest.action = TRADE_ACTION_DEAL;                             



mrequest.symbol = _Symbol;



mrequest.volume = Lot;



mrequest.price = NormalizeDouble(latest_price.bid,_Digits);



mrequest.sl = NormalizeDouble(0.0,_Digits);



mrequest.tp = NormalizeDouble(0.0,_Digits);



mrequest.deviation=10; 



mrequest.type = ORDER_TYPE_SELL;               



mrequest.type_filling = ORDER_FILLING_FOK;



 



ZeroMemory(check_result);



ZeroMemory(mresult);



if(!OrderCheck(mrequest,check_result))



     {



  if(check_result.retcode==10014)Alert(&quot;Wrong volume in the request&quot;);



if(check_result.retcode==10015)Alert(&quot;Wrong price in the request&quot;);



if(check_result.retcode==10016)Alert(&quot;Wrong Stop Loss in the request&quot;);



if(check_result.retcode==10019)Alert(&quot;There is not enough money to make the request&quot;);



      return;



     }else{



if(OrderSend(mrequest,mresult)){



if(mresult.retcode==10009 || mresult.retcode==10008) // Request is made or the order is successfully placed



           {          



Print(&quot;Price &quot;, mresult.price);                     



           }



         else



           {



if(mresult.retcode==10004) // Requote



{



Print(&quot;Requote bid &quot;,mresult.bid);



Print(&quot;Requote ask &quot;,mresult.ask);



}else{



Print(&quot;Retcode &quot;,mresult.retcode);



}        



           } 



}else{



Print(&quot;Retcode &quot;,mresult.retcode);



}



}



}



//-----------------------------------------------------------------------



if(((ENUM_SYMBOL_TRADE_EXECUTION)SymbolInfoInteger(Symbol(),SYMBOL_TRADE_EXEMODE))==SYMBOL_TRADE_EXECUTION_EXCHANGE){



ZeroMemory(mrequest);



mrequest.action = TRADE_ACTION_DEAL;                             



mrequest.symbol = _Symbol;



mrequest.volume = Lot;



mrequest.type = ORDER_TYPE_SELL;               



mrequest.type_filling = ORDER_FILLING_FOK;



 



ZeroMemory(check_result);



ZeroMemory(mresult);



if(!OrderCheck(mrequest,check_result))



     {



  if(check_result.retcode==10014)Alert(&quot;Wrong volume in the request&quot;);



if(check_result.retcode==10019)Alert(&quot;There is not enough money to make the request&quot;);



      return;



     }else{



if(OrderSend(mrequest,mresult)){



if(mresult.retcode==10009 || mresult.retcode==10008) // Request is made or the order is successfully placed



           {



Print(&quot;Price &quot;, mresult.price);                                  



           }



         else



           {



Print(&quot;Retcode &quot;,mresult.retcode);   



           } 



}else{



Print(&quot;Retcode &quot;,mresult.retcode);



}



}



}



//-----------------------------------------------------------------------



 



}    



//-----------------------------------------------------------------------



} 



Let’s put the functions of signals of the trading system in the class Sidus.



class Sidus



  {



private:



 



int numberBarOpenPosition;



int numberBarStopPosition;



 



int    handleIMA18;



double    MA18Buffer[];



int    handleIMA28;



double    MA28Buffer[];



int    handleIWMA5;



double    WMA5Buffer[];



int    handleIWMA8;



double    WMA8Buffer[]; 



 



public:



                     Sidus(int BarOpenPosition, int BarStopPosition);



                    ~Sidus();



bool OnTradeSignalBuy();



bool OnTradeSignalBuyStop(MqlRates& mrate[]);



bool OnTradeSignalSell();



bool OnTradeSignalSellStop(MqlRates& mrate[]);                   



  };



//+------------------------------------------------------------------+



//|                                                                  |



//+------------------------------------------------------------------+



Sidus::Sidus(int BarOpenPosition, int BarStopPosition)



  {



  numberBarOpenPosition=BarOpenPosition;



  numberBarStopPosition=BarStopPosition;



  handleIMA18=iMA(_Symbol,PERIOD_H1,18,0,MODE_EMA,PRICE_WEIGHTED);



  handleIMA28=iMA(_Symbol,PERIOD_H1,28,0,MODE_EMA,PRICE_WEIGHTED);



  handleIWMA5=iMA(_Symbol,PERIOD_H1,5,0,MODE_LWMA,PRICE_WEIGHTED);



  handleIWMA8=iMA(_Symbol,PERIOD_H1,8,0,MODE_LWMA,PRICE_WEIGHTED);



  }



//+------------------------------------------------------------------+



//|                                                                  |



//+------------------------------------------------------------------+



Sidus::~Sidus()



  {



  }



//+------------------------------------------------------------------+



bool Sidus::OnTradeSignalBuy(){



 



bool flagBuy=false;



 



if(CopyBuffer(handleIMA18,0,0,numberBarOpenPosition,MA18Buffer)<0)



     {     



      return false;



     }



 



if(CopyBuffer(handleIMA28,0,0,numberBarOpenPosition,MA28Buffer)<0)



     {     



      return false;



     }



 



if(CopyBuffer(handleIWMA5,0,0,numberBarOpenPosition,WMA5Buffer)<0)



     {     



      return false;



     }



 



if(CopyBuffer(handleIWMA8,0,0,numberBarOpenPosition,WMA8Buffer)<0)



     {     



      return false;



     }  



 



 



ArraySetAsSeries(MA18Buffer,true);



ArraySetAsSeries(MA28Buffer,true);



ArraySetAsSeries(WMA5Buffer,true); 



 



bool flagCross1=false;



bool flagCross2=false;



bool flagCross=false;



 



if(WMA5Buffer[1]>MA18Buffer[1]&&WMA5Buffer[1]>MA28Buffer[1]&&WMA8Buffer[1]>MA18Buffer[1]&&WMA8Buffer[1]>MA28Buffer[1]){



for (int i=2;i<numberBarOpenPosition;i++){



if(WMA5Buffer[i]<MA18Buffer[i]&&WMA5Buffer[i]<MA28Buffer[i]){



flagCross1=true;



}



if(WMA8Buffer[i]<MA18Buffer[i]&&WMA8Buffer[i]<MA28Buffer[i]){



flagCross2=true;



}



}



if(flagCross1==true&&flagCross2==true){



flagCross=true;



}



}



 



 



if(flagCross==true){



flagBuy=true;



}



 



return flagBuy;



}



 



bool Sidus::OnTradeSignalBuyStop(MqlRates& mrate[]){



 



bool flagBuyStop=false;



 



if(CopyBuffer(handleIWMA5,0,0,numberBarStopPosition,WMA5Buffer)<0)



     {     



      return false;



     }



 



if(CopyBuffer(handleIWMA8,0,0,numberBarStopPosition,WMA8Buffer)<0)



     {     



      return false;



     }



 



 



ArraySetAsSeries(WMA5Buffer,true); 



ArraySetAsSeries(WMA8Buffer,true);



 



bool flagCross=false;



 



if(WMA5Buffer[1]<WMA8Buffer[1]){



for (int i=2;i<numberBarStopPosition;i++){



if(WMA5Buffer[i]>WMA8Buffer[i]){



flagCross=true;



}



}



}



 



double max=mrate[1].high;



 



for (int i=1;i<numberBarStopPosition;i++){



if(mrate[i].high>max)max=mrate[i].high;



}



 



if(flagCross==true&&mrate[1].high<=max&&mrate[numberBarStopPosition-1].high<=max){



flagBuyStop=true;



}



 



 



return flagBuyStop;



}



 



bool Sidus::OnTradeSignalSell(){



 



bool flagSell=false;



 



if(CopyBuffer(handleIMA18,0,0,numberBarOpenPosition,MA18Buffer)<0)



     {     



      return false;



     }



 



if(CopyBuffer(handleIMA28,0,0,numberBarOpenPosition,MA28Buffer)<0)



     {     



      return false;



     }



 



if(CopyBuffer(handleIWMA5,0,0,numberBarOpenPosition,WMA5Buffer)<0)



     {     



      return false;



     }



 



if(CopyBuffer(handleIWMA8,0,0,numberBarOpenPosition,WMA8Buffer)<0)



     {     



      return false;



     }  



 



 



ArraySetAsSeries(MA18Buffer,true);



ArraySetAsSeries(MA28Buffer,true);



ArraySetAsSeries(WMA5Buffer,true); 



ArraySetAsSeries(WMA8Buffer,true);



 



bool flagCross1=false;



bool flagCross2=false;



bool flagCross=false;



 



if(WMA5Buffer[1]<MA18Buffer[1]&&WMA5Buffer[1]<MA28Buffer[1]&&WMA8Buffer[1]<MA18Buffer[1]&&WMA8Buffer[1]<MA28Buffer[1]){



for (int i=2;i<numberBarOpenPosition;i++){



if(WMA5Buffer[i]>MA18Buffer[i]&&WMA5Buffer[i]>MA28Buffer[i]){



flagCross1=true;



}



if(WMA8Buffer[i]>MA18Buffer[i]&&WMA8Buffer[i]>MA28Buffer[i]){



flagCross2=true;



}



}



if(flagCross1==true&&flagCross2==true){



flagCross=true;



}



}



 



 



if(flagCross==true){



flagSell=true;



}               



return flagSell;



}



 



bool Sidus::OnTradeSignalSellStop(MqlRates& mrate[]){



 



bool flagSellStop=false;



 



if(CopyBuffer(handleIWMA5,0,0,numberBarStopPosition,WMA5Buffer)<0)



     {     



      return false;



     }



 



if(CopyBuffer(handleIWMA8,0,0,numberBarStopPosition,WMA8Buffer)<0)



     {     



      return false;



     }        



 



ArraySetAsSeries(WMA5Buffer,true); 



ArraySetAsSeries(WMA8Buffer,true);



 



bool flagCross=false;



 



if(WMA5Buffer[1]>WMA8Buffer[1]){



for (int i=2;i<numberBarStopPosition;i++){



if(WMA5Buffer[i]<WMA8Buffer[i]){



flagCross=true;



}



}



}



 



double min=mrate[1].low;



 



for (int i=1;i<numberBarStopPosition;i++){



if(mrate[i].low<min)min=mrate[i].low;



}



 



if(flagCross==true&&mrate[1].low>=min&&mrate[numberBarStopPosition-1].low>=min){



flagSellStop=true;



} 



 



return flagSellStop;



}



As a result of placing functions into separate classes, the expert code is significantly reduced.



#include &quot;CheckTrade.mqh&quot;



#include &quot;Trade.mqh&quot;



#include &quot;Sidus.mqh&quot;



 



input double   Lot=1;         



input int      EA_Magic=1000;



input double spreadLevel=5.0;



input double StopLoss=0.01;



input double Profit=0.01;



input int numberBarOpenPosition=3;



input int numberBarStopPosition=5;



 



CheckTrade checkTrade;



Trade trade(StopLoss,Profit,Lot);



Sidus sidus(numberBarOpenPosition,numberBarStopPosition);



 



bool flagStopLoss=false; 



 



 



//+------------------------------------------------------------------+



//| Expert initialization function                                   |



//+------------------------------------------------------------------+



int OnInit()



  { 



return(checkTrade.OnCheckTradeInit(Lot));



  }



//+------------------------------------------------------------------+



//| Expert deinitialization function                                 |



//+------------------------------------------------------------------+



void OnDeinit(const int reason)



  {     



  } 



//+------------------------------------------------------------------+



//| Expert tick function                                             |



//+------------------------------------------------------------------+



void OnTick()



  {



 



if(!checkTrade.OnCheckTradeTick(Lot,spreadLevel)){



return;



}



 



// Limit calculations of the expert for the appearance of a new bar on the chart



static datetime last_time;



datetime last_bar_time=(datetime)SeriesInfoInteger(Symbol(),Period(),SERIES_LASTBAR_DATE); 



if(last_time!=last_bar_time)



{



last_time=last_bar_time;    



}else{



return;



}



 



// Limit calculations of the expert with the flagStopLoss



static datetime last_time_daily;



datetime last_bar_time_daily=(datetime)SeriesInfoInteger(Symbol(),PERIOD_D1,SERIES_LASTBAR_DATE); 



if(last_time_daily!=last_bar_time_daily)



{



last_time_daily=last_bar_time_daily;



flagStopLoss=false;   



}



 



if(flagStopLoss==true)return;



 



// To calculate signals of the trading system, it requires historical symbol data



 



MqlRates mrate[];



ResetLastError();



if(CopyRates(Symbol(),Period(),0,numberBarStopPosition,mrate)<0)



     {



Print(GetLastError());



      return;



     } 



 



ArraySetAsSeries(mrate,true);



 



//-----------------------------------------------------------------------



 



bool TradeSignalBuy=false;



bool TradeSignalSell=false;



 



 



TradeSignalBuy=sidus.OnTradeSignalBuy();



TradeSignalSell=sidus.OnTradeSignalSell();



 



bool TradeSignalBuyStop=false;



bool TradeSignalSellStop=false;



 



 



TradeSignalBuyStop=sidus.OnTradeSignalBuyStop(mrate);



TradeSignalSellStop=sidus.OnTradeSignalSellStop(mrate);



 



trade.Order(TradeSignalBuy,TradeSignalBuyStop,TradeSignalSell,TradeSignalSellStop);



 



}



//+------------------------------------------------------------------+



//| Trade function                                                   |



//+------------------------------------------------------------------+



void OnTrade()



  {



static int _deals;



ulong _ticket=0;



 



if(HistorySelect(0,TimeCurrent()))



  {



int  i=HistoryDealsTotal()-1;



 



   if(_deals!=i) {   



   _deals=i;



   } else { return; }



 



   if((_ticket=HistoryDealGetTicket(i))>0)



     {



      string _comment=HistoryDealGetString(_ticket,DEAL_COMMENT);     



      if(StringFind(_comment,&quot;sl&quot;,0)!=-1) {      



      flagStopLoss=true;



      }          



     }



  }  



  }



 



//--------------------------------------------------




Expert Testing




The built-in tester of the MetaTrader 5 terminal allows you to test and optimize input parameters of an advisor using historical data of financial instruments.



To open the tester, you can by pressing the right mouse button on an Expert Advisor in the Navigator window of the terminal and selecting the Test in the context menu.


[image: ]



Also, the tester can be opened from the menu View of the terminal by the command Strategy Tester.



The testing is multithreaded and is executed by special services-agents, which are represented by three types.



You can use local agents that are installed with the client terminal. A number of local agents is the number of logical processor cores of the computer used by agents in parallel, so when testing it uses all available computer resources.



Also, you can use local network agents to test that are installed on other computers with the client terminals. Computers must be connected to the local network, and then a farm of agents is created using the manager of agents in the menu Tools of the terminal and the agents are used in the tab Agents of the Strategy Tester.



Local network agents can also be installed on a computer separate from the trading platform via the metatester64.exe file. Local network agents can be installed only in 64-bit systems.



Another type of agents is cloud agents, the use of which is paid and it can also be used in the tab Agents of the Strategy Tester.



The Tester window allows you to select a test interval, a testing financial instrument, unless it is explicitly specified in the expert, a time period of the financial instrument, as well as you can enable the optimization of input parameters of an advisor, visual testing mode and others.



When using the visual testing mode, it shows indicators used by an expert on the chart.



The tab “Results” of the tester window shows the results of expert testing.



For maximum closeness to the actual conditions of trade, when testing you can select the options &quot;Random Delay&quot; and &quot;Every tick based on real ticks.&quot;



To optimize the input parameters quickly, you can use the mode of &quot;Forward: 1/4&quot;, &quot;Normal&quot;, &quot;Open prices only&quot;.



In order to evaluate the efficiency of the expert, let’s create an indicator that will show all potential deals to buy and sale a symbol.



The indicator is based on a moving average. With increasing values of the moving average, it will calculate a position to buy, with decreasing values of the moving average, it will calculate a position to sell.



#property indicator_chart_window



 



#property indicator_buffers 2



#property indicator_plots   1



#property indicator_type1    DRAW_COLOR_LINE



#property indicator_color1  clrBlack,clrRed,clrBlueViolet



#property indicator_style1  STYLE_SOLID



#property indicator_width1  2



 



input int ma_period=5;



input double delta=0.0001;



input int shift_delta=1;



int ma_shift = 0; // offset



ENUM_MA_METHOD ma_method = MODE_EMA; // Type of smoothing



ENUM_APPLIED_PRICE applied_price = PRICE_WEIGHTED; // Type of price



string symbol = _Symbol; // symbol



ENUM_TIMEFRAMES period = PERIOD_CURRENT; // timeframe



double         InBuffer[];



double         ColorBuffer[];



int    handleMA;



// --- Variable to store



string name = symbol;



// --- A name of the indicator on the chart



string short_name;



// --- Will keep a number of values of the indicator Average Directional Movement Index



int    bars_calculated=0;



 



//+------------------------------------------------------------------+



//| Custom indicator initialization function                         |



//+------------------------------------------------------------------+



int OnInit()



  {



//--- indicator buffers mapping



   SetIndexBuffer(0,InBuffer,INDICATOR_DATA);



   SetIndexBuffer(1,ColorBuffer,INDICATOR_COLOR_INDEX);



// --- Define a symbol on which the indicator is constructed



    name = symbol;



// --- Remove the gaps on the left and the right



    StringTrimRight (name);



    StringTrimLeft (name);



// --- If after this the length of the string name is zero



   if(StringLen(name)==0)



     {



      // --- Take a symbol from the chart on which the indicator is running



      name=_Symbol;



     }



handleMA=iMA(name,period,ma_period,ma_shift,ma_method,applied_price);



short_name=&quot;Profit&quot;;



IndicatorSetString(INDICATOR_SHORTNAME,short_name); 



//---



   return(INIT_SUCCEEDED);



  }



//+------------------------------------------------------------------+



//| Custom indicator iteration function                              |



//+------------------------------------------------------------------+



int OnCalculate(const int rates_total,



                const int prev_calculated,



                const datetime &time[],



                const double &open[],



                const double &high[],



                const double &low[],



                const double &close[],



                const long &tick_volume[],



                const long &volume[],



                const int &spread[])



  {



// --- A number of copied values of the indicator



    int values_to_copy;



// --- Find out an amount of the calculated values of the indicator



   int calculated=BarsCalculated(handleMA);



   if(calculated<=0)



     {



      PrintFormat(&quot;BarsCalculated() returns %d, error code %d&quot;,calculated,GetLastError());



      return(0);



     }



// --- If this is the first calculation of the indicator or a number of values in the indicator is changed



// --- Or if it needs to calculate the indicator for two or more bars (which means something has changed in the history)



   if(prev_calculated==0 || calculated!=bars_calculated || rates_total>prev_calculated+1)



     {



      // --- If the array is larger than the values in the indicator on the symbol/period pair, it does not copy all



       // --- Otherwise the copy will be less than the size of the indicator buffers



      if(calculated>rates_total) values_to_copy=rates_total;



      else                       values_to_copy=calculated;



     }



   else



     {



      // --- It means the indicator is calculated not for the first time and since the last call of the OnCalculate



       // --- No more than one bar is added to calculate



      values_to_copy=(rates_total-prev_calculated)+1;



     }



 



// --- If FillArraysFromBuffer returns false, it means the data is not ready - complete the work



   if(!FillArrayFromBufferMA(InBuffer,ma_shift,handleMA,values_to_copy)) return(0);



 



// --- remember a number of values of the indicator Average Directional Movement Index



   bars_calculated=calculated;



  if(values_to_copy>1)



{



bool flagSell=false;



double priceSellOpen;



double priceSellStop;



bool flagBuy=false;



double priceBuyOpen;



double priceBuyStop;



 



int size=values_to_copy;



for (int i=shift_delta; i<(size-1); i++){



 



ColorBuffer[i]=0;



 



if((InBuffer[i-shift_delta]-InBuffer[i])>delta){



ColorBuffer[i]=1;



if(flagSell==false){



priceSellOpen=open[i];



if(!ObjectCreate(0,&quot;Sell&quot;+i,OBJ_ARROW,0,time[i],low[i]))



     {     



      return(false);



     }    



      ObjectSetInteger(0,&quot;Sell&quot;+i,OBJPROP_COLOR,clrRed);



      ObjectSetInteger(0,&quot;Sell&quot;+i,OBJPROP_ARROWCODE,234);



      ObjectSetInteger(0,&quot;Sell&quot;+i,OBJPROP_WIDTH,1);



      ObjectSetInteger(0,&quot;Sell&quot;+i,OBJPROP_ANCHOR,ANCHOR_LOWER);



      ObjectSetInteger(0,&quot;Sell&quot;+i,OBJPROP_HIDDEN,true);



      ObjectSetString(0,&quot;Sell&quot;+i,OBJPROP_TOOLTIP,&quot;&quot;+close[i]);    



 



      }



flagSell=true;    



}else{



if(flagSell==true){



priceSellStop=open[i];



double profit=priceSellOpen-priceSellStop;



if(profit>spread[i]/MathPow(10,Digits())){



if(!ObjectCreate(0,&quot;SellStop&quot;+i,OBJ_TEXT,0,time[i],low[i]))



     {     



      return(false);



     }    



      ObjectSetString(0,&quot;SellStop&quot;+i,OBJPROP_TEXT,&quot;Profit: &quot;+DoubleToString(profit*MathPow(10,Digits()),1));



      ObjectSetDouble(0,&quot;SellStop&quot;+i,OBJPROP_ANGLE,90.0);



      ObjectSetInteger(0,&quot;SellStop&quot;+i,OBJPROP_COLOR,clrRed);



     }



flagSell=false;



}



}



 



if((InBuffer[i]-InBuffer[i-shift_delta])>delta){



ColorBuffer[i]=2;



if(flagBuy==false){



priceBuyOpen=open[i];



if(!ObjectCreate(0,&quot;Buy&quot;+i,OBJ_ARROW,0,time[i],high[i]))



     {     



      return(false);



     }



 



      ObjectSetInteger(0,&quot;Buy&quot;+i,OBJPROP_COLOR,clrGreen);



      ObjectSetInteger(0,&quot;Buy&quot;+i,OBJPROP_ARROWCODE,233);



      ObjectSetInteger(0,&quot;Buy&quot;+i,OBJPROP_WIDTH,1);



      ObjectSetInteger(0,&quot;Buy&quot;+i,OBJPROP_ANCHOR,ANCHOR_UPPER);



      ObjectSetInteger(0,&quot;Buy&quot;+i,OBJPROP_HIDDEN,true);



      ObjectSetString(0,&quot;Buy&quot;+i,OBJPROP_TOOLTIP,&quot;&quot;+close[i]);      



      }



flagBuy=true;



}else{



if(flagBuy==true){



priceBuyStop=open[i];



double profit=priceBuyStop-priceBuyOpen;



if(profit>spread[i]/MathPow(10,Digits())){



if(!ObjectCreate(0,&quot;BuyStop&quot;+i,OBJ_TEXT,0,time[i],high[i]))



     {     



      return(false);



     }    



      ObjectSetString(0,&quot;BuyStop&quot;+i,OBJPROP_TEXT,&quot;Profit: &quot;+DoubleToString(profit*MathPow(10,Digits()),1));



      ObjectSetDouble(0,&quot;BuyStop&quot;+i,OBJPROP_ANGLE,90.0);



      ObjectSetInteger(0,&quot;BuyStop&quot;+i,OBJPROP_COLOR,clrBlueViolet);



      }



flagBuy=false;



}



}



 



}



}



 



   return(rates_total);



  }



//+------------------------------------------------------------------+



//| Fill the indicator’s buffer from the indicator iMA                   |



//+------------------------------------------------------------------+



bool FillArrayFromBufferMA (double & values [], // the indicator’s buffer of Moving Average values



                          int shift, // offset



                          int ind_handle, // a handle of the iMA indicator



                          int amount // a number of copied values



                         )



  {



// --- reset the error code



    ResetLastError ();



// --- Fill a part of the array iMABuffer with values from the indicator’s buffer with index 0



   if(CopyBuffer(ind_handle,0,-shift,amount,values)<0)



     {



      // --- If copying is failed, print the error code



       PrintFormat (&quot;Failed to copy data from the iMA indicator, error code %d&quot;, GetLastError());



      // --- Complete with a zero result - it means that the indicator would be considered not calculated



      return(false);



     }



//--- everything worked out



   return(true);



  }



void  OnDeinit(const int reason){



ObjectsDeleteAll(0,-1,-1);



}
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Let’s add this indicator to the expert discussed in the previous example.



int handleProfit;



double ProfitBuffer[];



int OnInit()



  {



 



   handleProfit=iCustom(_Symbol,PERIOD_H1,&quot;Profit&quot;,5,0.0001,1);



return(checkTrade.OnCheckTradeInit(Lot));



  }



In the function OnTrade of the expert, let’s show actually received profit from a deal.



void OnTrade()



  {



static int _deals;



ulong _ticket=0;



 



if(HistorySelect(0,TimeCurrent()))



  {



int  i=HistoryDealsTotal()-1;



 



   if(_deals!=i) {   



   _deals=i;



   } else { return; }



 



   if((_ticket=HistoryDealGetTicket(i))>0)



     {



      string _comment=HistoryDealGetString(_ticket,DEAL_COMMENT);     



      if(StringFind(_comment,&quot;sl&quot;,0)!=-1) {      



      flagStopLoss=true;



      }



        if(HistoryDealGetDouble(_ticket, DEAL_PROFIT)!=0.0){



      if(!ObjectCreate(0,&quot;Deal&quot;+_ticket,OBJ_TEXT,0, HistoryDealGetInteger(_ticket,DEAL_TIME),HistoryDealGetDouble(_ticket,DEAL_PRICE)))



     {     



      return;



     }    



      ObjectSetString(0,&quot;Deal&quot;+_ticket,OBJPROP_TEXT,&quot;Profit: &quot;+HistoryDealGetDouble(_ticket, DEAL_PROFIT));



      ObjectSetDouble(0,&quot;Deal&quot;+_ticket,OBJPROP_ANGLE,90.0);



      ObjectSetInteger(0,&quot;Deal&quot;+_ticket,OBJPROP_COLOR,clrYellow);



      }        



     }



  }  



  }



Visually testing the expert.
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From the visual test it is clear that this advisor has a problem with the entrance and exit from the market, as well as a lot of missed potential deals.




Money management and efficiency evaluation of an expert




Money management – is a way of deciding which a part of the account you should risk in a single trading opportunity.



Typical rules of money management:



- The ratio of possible losses and gains of 1: 3.



- Close unprofitable positions sooner than profitable.



- Avoid very short-term positions.



- Do not make any decisions before the close of trading on the market.



- The total amount of funds invested in one deal should not exceed 10% - 15% of total equity.



- The total percentage of invested funds for all open positions should not exceed 30%.



- The maximum permitted risk per trade should be 2-5% of the deposit amount.



- The total maximum risk on all open positions should be 5-7% of the deposit amount.



Money Management Strategies:



- A fixed amount or a fixed percentage of the capital at risk on the next trade.



- Coordination of wins and losses when trading. In this procedure, traders determine the volume of trade after successful winnings or losses. For example, after losing the deal, they may decide to double the volume of trade after the next signal to trade to repair the damage. This system uses statistical analysis to establish the relationship between loss and gain, when losses and gains alternate, or after a certain number of losses follows gains. At the same time after winning, you can increase the size of opened positions and reduce it after losing, or after a series of losses you can increase the volume of positions, expecting a quick win, or, conversely, you can reduce it, expecting a loss.



- The intersection of the price lines - this system make an analysis of a trading system with the help of long and short moving average curves (e.g., 3, and 8) of gains and losses of deals. If the short moving average curve is above the long moving curve, then the trading system gives better results, if the short moving average curve is under the long moving curve, then the system is working worse and signals of the trading system for opening positions need to pass. Here all the signals of the trading system are used to calculate curves rather than only those that were actually implemented. Availability of winning and losing periods of the trading system are also determined by statistical analysis.



- Optimal f and Secure f – it defines, on the basis of testing a trading system on past deals, some optimal proportion of the initial capital invested in each deal, in order to achieve maximum profitability of the system as the main criterion (Optimal f) or maximum profitability taking into account the limitations of maximum permissible losses (Secure f).



The relationship between wins and losses is analyzed using a Z-score. The confidence interval must exceed 94% in this case.



A Z-score is calculated by comparing a number of series in a set of deals with respect to the number of series that would be expected with the statistical independence of the results of the current deal from past deals.



Z = (N*(R - 0.5) -X)/((X*(X - N))/((N -1))^(1/2)



Where:



N = total number of deals.



X = 2 * (the total number of profitable trades) * (the total number of losing trades).



R = a number of series in the monitoring. Each time, when, after a profitable trade to be a losing trade or vice versa, is considered for the series.



A positive Z-score means that, in the observed history of deals, a number of series is less than would be expected with the statistically independent distribution of results of deals. Consequently, there is a tendency to lose after winning and after a loss – to win. Having a positive Z-score means that after a losing trade, for the next signal, you can increase a volume of the opening position, it allows to cover the losses and increase the overall profitability of a system.



A negative Z-score means that, in the observed history of deals, a number of series is greater than would be expected with the statistically independent distribution of results of deals. Consequently, after a winning deal there will be usually another winning deal, and after a money-losing deal there will be another losing deal.



The presence of a negative Z-score means that you can use the intersection of yield curves, with a trading system will operate during a phase of profitable and will not work during an unprofitable phase.



You can see a Z-score value of an expert in the tab Results of the client terminal tester after expert testing.



In the example of the expert on the basis of the Sidus trading system, at the values numberBarOpenPosition = 5 and numberBarStopPosition = 5, an expert Z-score is 2.89 (99.61%). However, on this basis, an adjustment of the work of the expert is problematic, since after winning, you could not meet a single loss, but a series of losses, and vice versa.



To output a sequence of wins and losses of the expert, you can in its OnDeinit function.



void OnDeinit(const int reason)



  {  



  if(HistorySelect(0,TimeCurrent()))



  {



int  n=HistoryDealsTotal();



for(int i=0;i<n;i++){



  if(HistoryDealGetDouble(HistoryDealGetTicket(i), DEAL_PROFIT)!=0.0){



      Print(&quot;Profit &quot;,HistoryDealGetDouble(HistoryDealGetTicket(i), DEAL_PROFIT));



      }



}



}    



  } 



The overall efficiency of the expert is determined as the difference between the realized profits in the trade and the potential profit during the same trade.



Overall efficiency =



(Realized price difference) / (Potential profit)



For long positions:



Overall efficiency = (Closing Price - Opening Price) /



(Maximum Price - Minimum Price)



For short positions:



Overall efficiency = (Opening Price - Closing Price) /



(Maximum Price - Minimum Price)



The effectiveness of entry into the market is defined as the maximum difference in prices relative to the entrance price as part of the total potential of yield in the trade. The effectiveness of entry into the market shows how well the trading system opens trades - in the case of long positions it is how the entrance signal is close to the lowest point during the trade, in the case of short positions – it is how the entrance signal is close to the maximum point during the trade.



Entrance Efficiency = (Maximum price difference with respect to the entrance price) / (Potential profit)



The maximum difference in price with respect to the entrance price – is the difference between the maximum price and the entrance price (for short positions - the minimum price).



For long positions:



Entrance Efficiency = (Maximum price - The opening price of the trade) / (Maximum Price - Minimum Price)



For short positions:



Entrance Efficiency = (The opening price of the trade - Minimum Price) / (Maximum Price - Minimum Price)



The efficiency of the exit from the market is defined as the maximum difference in prices relative to the exit price as part of the total potential of yield in the trade. The efficiency of the exit from the market shows how well the system closes the trades - in the case of long positions it is how the exit signal is close to the maximum point during the trade, in the case of short positions – it is how the exit signal is close to the lowest point during the trade.



Exit Efficiency = (Maximum difference in prices relative to the exit price) / (Potential profit)



The maximum difference in prices relative to the exit price – is the difference between the exit price and a minimum price (for short positions – a maximum price).



For long positions:



Exit Efficiency = (Exit Price - Minimum Price) / (Maximum Price - Minimum Price)



For short positions:



Exit Efficiency = (Maximum Price - Exit Price) / (Maximum Price - Minimum Price)



The overall efficiency is the sum of the entrance efficiency and exit efficiency minus 1.



The entrance efficiency and exit efficiency can be positive values, but the overall efficiency can be negative. If the sum of the entrance efficiency and exit efficiency less than 100%, the deal is unprofitable.



The average overall efficiency, average entrance efficiency, and average exit efficiency are calculated to analyze the expert work.



To calculate the average values it ​​is better to use the statistical analysis to discard pop-up deals.



A trading system is statistically profitable, if:



(Average profit trade) * (% wins) - overheads>



(Average loss trade) * (% losses)



Overheads are slippages, commissions, etc.



Such indicators as the Average profit trade, Profit Trades (% of total), Average loss trade, Loss Trades (% of total) can be found in the tab Results of the tester of the client terminal after expert testing.



An index of statistical expert profitability excluding overheads or expectation of winning, you can see also in the tab Results of the tester of the client terminal after expert testing.



Expected payoff is calculated by the following formula.



Expected Payoff = (ProfitTrades / TotalTrades) * (GrossProfit / ProfitTrades) -



                  (LossTrades / TotalTrades) * (GrossLoss / LossTrades)



Where:



TotalTrades – the total number of deals;



ProfitTrades – the amount of profitable trades;



LossTrades – the amount of unprofitable trades;



GrossProfit – the summed income;



GrossLoss – the total loss.



Here, ProfitTrades/TotalTrades is the % of wins, GrossProfit/ProfitTrades is the Average profit trade, LossTrades/TotalTrades is the % of losses, GrossLoss/LossTrades is the Average loss trade.



In the example of the expert on the basis of the Sidus trading system, when numberBarOpenPosition = 3, the expected payoff is 232.62 - 147.55 = 85. It is less than 10 points, so we can say that the profitability of the expert is unsustainable.



In the example of the expert on the basis of the Sidus trading system, let’s replace the signals to close a position on the use of the Trailing Stop, i.e. when the price reaches the break-even level, we will move the StopLoss.



To do this, let’s change the class Trade.



class Trade



  {



private:



double StopLoss;



double Profit;



double   Lot;



double TrailingStop;



double priceBuy;



double priceSell;



double slBuy;



double slSell;



 



 



public:



                     Trade(double stopLoss, double profit, double lot, double trailingStop);



                    ~Trade();



void                 Order(bool Buy, bool StopBuy, bool Sell, bool StopSell); 



void                 Trailing();            



  };



//+------------------------------------------------------------------+



//|                                                                  |



//+------------------------------------------------------------------+



Trade::Trade(double stopLoss, double profit, double lot, double trailingStop)



  {



  StopLoss=stopLoss;



  Profit=profit;



  Lot=lot;



  TrailingStop=trailingStop;



  priceBuy=0.0;



  priceSell=0.0;



  slBuy=0.0;



  slSell=0.0;



  }



//+------------------------------------------------------------------+



//|                                                                  |



//+------------------------------------------------------------------+



Trade::~Trade()



  {



  }



//+------------------------------------------------------------------+



void Trade::Trailing(){



// Check for an open position, so you do not try to open it again



   bool BuyOpened=false; 



   bool SellOpened=false;



 



   if(PositionSelect(_Symbol)==true)



     {



      if(PositionGetInteger(POSITION_TYPE)==POSITION_TYPE_BUY)



        {



         BuyOpened=true; 



        }



      else if(PositionGetInteger(POSITION_TYPE)==POSITION_TYPE_SELL)



        {



         SellOpened=true;



        }



     }



     //-----------------------------------------------------------------



MqlTradeRequest mrequest;



MqlTradeCheckResult check_result;



MqlTradeResult mresult;



 



MqlTick latest_price;



if(!SymbolInfoTick(_Symbol,latest_price))



     {



      Alert(&quot;Failure to get the latest quotes:&quot;,GetLastError(),&quot;!!&quot;);



      return;



     }



  if(BuyOpened==true) {  



double  TBS=0;



    if(TrailingStop<SymbolInfoInteger(Symbol(),SYMBOL_TRADE_STOPS_LEVEL)*_Point){



    TBS=SymbolInfoInteger(Symbol(),SYMBOL_TRADE_STOPS_LEVEL)*_Point;



    }else{



    TBS=TrailingStop;



    }



if(



latest_price.bid-priceBuy>=TBS



){



         mrequest.action = TRADE_ACTION_SLTP;



         mrequest.price = NormalizeDouble(latest_price.ask,_Digits);     



         mrequest.sl = NormalizeDouble(priceBuy,_Digits); // Stop Loss



         mrequest.tp = NormalizeDouble(latest_price.ask + Profit,_Digits);



         mrequest.symbol = _Symbol;                                           



         mrequest.volume = Lot;                                               



         mrequest.type_filling = ORDER_FILLING_FOK;



         mrequest.type = ORDER_TYPE_BUY;                                      



         if(!OrderCheck(mrequest,check_result))



     {



      return;



     }else{



         if(OrderSend(mrequest,mresult)){}



   }     



 



         if(mresult.retcode==10009 || mresult.retcode==10008) // Request is made or the order is successfully placed



           {          



          slBuy= mrequest.sl;  



          priceBuy=slBuy+TrailingStop; 



           }



         else



           {        



            return;



           } 



           }



        } 



 



  if(SellOpened==true) {  



double  TSS=0;



    if(TrailingStop<SymbolInfoInteger(Symbol(),SYMBOL_TRADE_STOPS_LEVEL)*_Point){



    TSS=SymbolInfoInteger(Symbol(),SYMBOL_TRADE_STOPS_LEVEL)*_Point;



    }else{



    TSS=TrailingStop;



    }



if(



priceSell-latest_price.ask>=TSS



){



         mrequest.action = TRADE_ACTION_SLTP;



         mrequest.price = NormalizeDouble(latest_price.bid,_Digits);     



         mrequest.sl = NormalizeDouble(priceSell,_Digits);



         mrequest.tp = NormalizeDouble(latest_price.bid - Profit,_Digits);



         mrequest.symbol = _Symbol;                                           



         mrequest.volume = Lot;                                               



         mrequest.type_filling = ORDER_FILLING_FOK;



         mrequest.type = ORDER_TYPE_SELL;                                      



        if(!OrderCheck(mrequest,check_result))



     {



      return;



     }else{



         if(OrderSend(mrequest,mresult)){}



     }   



 



         if(mresult.retcode==10009 || mresult.retcode==10008) // Request is made or the order is successfully placed



           {          



          slSell= mrequest.sl;  



          priceSell=slSell-TrailingStop; 



           }



         else



           {        



            return;



           } 



           }



        }      



 



} 



//+------------------------------------------------------------------+



void Trade::Order(bool Buy, bool BuyStop, bool Sell, bool SellStop){



// Check for an open position, so you do not try to open it again



   bool BuyOpened=false; 



   bool SellOpened=false;



 



   if(PositionSelect(_Symbol)==true)



     {



      if(PositionGetInteger(POSITION_TYPE)==POSITION_TYPE_BUY)



        {



         BuyOpened=true; 



        }



      else if(PositionGetInteger(POSITION_TYPE)==POSITION_TYPE_SELL)



        {



         SellOpened=true;



        }



     }



     //------------------------------------------------------------------



MqlTradeRequest mrequest;



MqlTradeCheckResult check_result;



MqlTradeResult mresult;



 



MqlTick latest_price;



if(!SymbolInfoTick(_Symbol,latest_price))



     {



      Alert(&quot;Failure to get the latest quotes:&quot;,GetLastError(),&quot;!!&quot;);



      return;



     }



if(Buy==true&&BuyOpened==false){



//-----------------------------------------------------------------------



if(((ENUM_SYMBOL_TRADE_EXECUTION)SymbolInfoInteger(Symbol(),SYMBOL_TRADE_EXEMODE))==SYMBOL_TRADE_EXECUTION_INSTANT){



ZeroMemory(mrequest);



mrequest.action = TRADE_ACTION_DEAL;                             



mrequest.symbol = _Symbol;



mrequest.volume = Lot;



mrequest.price = NormalizeDouble(latest_price.ask,_Digits);



mrequest.sl = NormalizeDouble(latest_price.bid - StopLoss,_Digits);



mrequest.tp = NormalizeDouble(latest_price.ask + Profit,_Digits);



mrequest.deviation=10; 



mrequest.type = ORDER_TYPE_BUY;               



mrequest.type_filling = ORDER_FILLING_FOK;



 



ZeroMemory(check_result);



ZeroMemory(mresult);



if(!OrderCheck(mrequest,check_result))



     {



     if(check_result.retcode==10014)Alert(&quot;Wrong volume in the request&quot;);



if(check_result.retcode==10015)Alert(&quot;Wrong price in the request&quot;);



if(check_result.retcode==10016)Alert(&quot;Wrong Stop Loss in the request&quot;);



if(check_result.retcode==10019)Alert(&quot;There is not enough money to make the request&quot;);



 



      return;



     }else{



if(OrderSend(mrequest,mresult)){



if(mresult.retcode==10009 || mresult.retcode==10008) // Request is made or the order is successfully placed



           { 



           priceBuy=mresult.price; 



           slBuy= mrequest.sl;                                



           }



         else



           {



if(mresult.retcode==10004)



{



Print(&quot;Requote bid &quot;,mresult.bid);



Print(&quot;Requote ask &quot;,mresult.ask);



}else{



Print(&quot;Retcode &quot;,mresult.retcode);



}        



           } 



}else{



Print(&quot;Retcode &quot;,mresult.retcode);



}



}



}



//-----------------------------------------------------------------------



if(((ENUM_SYMBOL_TRADE_EXECUTION)SymbolInfoInteger(Symbol(),SYMBOL_TRADE_EXEMODE))==SYMBOL_TRADE_EXECUTION_EXCHANGE){



ZeroMemory(mrequest);



mrequest.action = TRADE_ACTION_DEAL;                             



mrequest.symbol = _Symbol;



mrequest.volume = Lot;



mrequest.type = ORDER_TYPE_BUY;               



mrequest.type_filling = ORDER_FILLING_FOK;



ZeroMemory(check_result);



ZeroMemory(mresult);



if(!OrderCheck(mrequest,check_result))



     {



     if(check_result.retcode==10014)Alert(&quot;Wrong volume in the request&quot;);



if(check_result.retcode==10019)Alert(&quot;There is not enough money to make the request&quot;);



 



      return;



     }else{



if(OrderSend(mrequest,mresult)){



if(mresult.retcode==10009 || mresult.retcode==10008)



           {



           priceBuy=mresult.price; 



 



//-----------------------          



ZeroMemory(mrequest);          



mrequest.action = TRADE_ACTION_SLTP;



mrequest.symbol = _Symbol;   



mrequest.sl = NormalizeDouble(mresult.price - StopLoss,_Digits);



mrequest.tp = NormalizeDouble(mresult.price + Profit,_Digits);



ZeroMemory(check_result);



ZeroMemory(mresult);



if(!OrderCheck(mrequest,check_result))



     {    



     if(check_result.retcode==10015)Alert(&quot;Wrong price in the request&quot;);



if(check_result.retcode==10016)Alert(&quot;Wrong Stop Loss in the request&quot;); 



      return;



     }else{



if(OrderSend(mrequest,mresult)){



if(mresult.retcode==10009 || mresult.retcode==10008)



           {          



slBuy= mrequest.sl;                     



           }



         else



           {



Print(&quot;Retcode &quot;,mresult.retcode);       



           } 



}else{



Print(&quot;Retcode &quot;,mresult.retcode);



}



}



//------------------------------------------                                  



           }



         else



           {



Print(&quot;Retcode &quot;,mresult.retcode);   



           } 



}else{



Print(&quot;Retcode &quot;,mresult.retcode);



}



}



}



//-----------------------------------------------------------------------



}



//----------------------------------------------------------------------



if(SellStop==true&&SellOpened==true){



//-----------------------------------------------------------------------



if(((ENUM_SYMBOL_TRADE_EXECUTION)SymbolInfoInteger(Symbol(),SYMBOL_TRADE_EXEMODE))==SYMBOL_TRADE_EXECUTION_INSTANT){



ZeroMemory(mrequest);



mrequest.action = TRADE_ACTION_DEAL;                             



mrequest.symbol = _Symbol;



mrequest.volume = Lot;



mrequest.price = NormalizeDouble(latest_price.ask,_Digits);



mrequest.sl = NormalizeDouble(0.0,_Digits);



mrequest.tp = NormalizeDouble(0.0,_Digits);



mrequest.deviation=10; 



mrequest.type = ORDER_TYPE_BUY;               



mrequest.type_filling = ORDER_FILLING_FOK;



 



ZeroMemory(check_result);



ZeroMemory(mresult);



if(!OrderCheck(mrequest,check_result))



     {



if(check_result.retcode==10014)Alert(&quot;Wrong volume in the request&quot;);



if(check_result.retcode==10015)Alert(&quot;Wrong price in the request&quot;);



if(check_result.retcode==10016)Alert(&quot;Wrong Stop Loss in the request&quot;);



if(check_result.retcode==10019)Alert(&quot;There is not enough money to make the request&quot;);



      return;



     }else{



if(OrderSend(mrequest,mresult)){



if(mresult.retcode==10009 || mresult.retcode==10008)



           {          



Print(&quot;Price &quot;, mresult.price);                     



           }



         else



           {



if(mresult.retcode==10004)



{



Print(&quot;Requote bid &quot;,mresult.bid);



Print(&quot;Requote ask &quot;,mresult.ask);



}else{



Print(&quot;Retcode &quot;,mresult.retcode);



}        



           } 



}else{



Print(&quot;Retcode &quot;,mresult.retcode);



}



}



}



//-----------------------------------------------------------------------



if(((ENUM_SYMBOL_TRADE_EXECUTION)SymbolInfoInteger(Symbol(),SYMBOL_TRADE_EXEMODE))==SYMBOL_TRADE_EXECUTION_EXCHANGE){



ZeroMemory(mrequest);



mrequest.action = TRADE_ACTION_DEAL;                             



mrequest.symbol = _Symbol;



mrequest.volume = Lot;



mrequest.type = ORDER_TYPE_BUY;               



mrequest.type_filling = ORDER_FILLING_FOK;



 



ZeroMemory(check_result);



ZeroMemory(mresult);



if(!OrderCheck(mrequest,check_result))



     {



     if(check_result.retcode==10014)Alert(&quot;Wrong volume in the request&quot;);



if(check_result.retcode==10019)Alert(&quot;There is not enough money to make the request&quot;);



 



      return;



     }else{



if(OrderSend(mrequest,mresult)){



if(mresult.retcode==10009 || mresult.retcode==10008)



           {



Print(&quot;Price &quot;, mresult.price);                               



           }



         else



           {



Print(&quot;Retcode &quot;,mresult.retcode);   



           } 



}else{



Print(&quot;Retcode &quot;,mresult.retcode);



}



}



}



//-----------------------------------------------------------------------



}    



//-----------------------------------------------------------------------  



if(Sell==true&&SellOpened==false){



//-----------------------------------------------------------------------



if(((ENUM_SYMBOL_TRADE_EXECUTION)SymbolInfoInteger(Symbol(),SYMBOL_TRADE_EXEMODE))==SYMBOL_TRADE_EXECUTION_INSTANT){



ZeroMemory(mrequest);



mrequest.action = TRADE_ACTION_DEAL;                             



mrequest.symbol = _Symbol;



mrequest.volume = Lot;



mrequest.price = NormalizeDouble(latest_price.bid,_Digits);



mrequest.sl = NormalizeDouble(latest_price.ask + StopLoss,_Digits);



mrequest.tp = NormalizeDouble(latest_price.bid - Profit,_Digits);



mrequest.deviation=10; 



mrequest.type = ORDER_TYPE_SELL;               



mrequest.type_filling = ORDER_FILLING_FOK;



 



ZeroMemory(check_result);



ZeroMemory(mresult);



if(!OrderCheck(mrequest,check_result))



     {



     if(check_result.retcode==10014)Alert(&quot;Wrong volume in the request&quot;);



if(check_result.retcode==10015)Alert(&quot;Wrong price in the request&quot;);



if(check_result.retcode==10016)Alert(&quot;Wrong Stop Loss in the request&quot;);



if(check_result.retcode==10019)Alert(&quot;There is not enough money to make the request&quot;);



 



      return;



     }else{



if(OrderSend(mrequest,mresult)){



if(mresult.retcode==10009 || mresult.retcode==10008)



           {          



priceSell=mresult.price;



slSell= mrequest.sl;                    



           }



         else



           {



if(mresult.retcode==10004)



{



Print(&quot;Requote bid &quot;,mresult.bid);



Print(&quot;Requote ask &quot;,mresult.ask);



}else{



Print(&quot;Retcode &quot;,mresult.retcode);



}        



           } 



}else{



Print(&quot;Retcode &quot;,mresult.retcode);



}



}



}



//-----------------------------------------------------------------------



if(((ENUM_SYMBOL_TRADE_EXECUTION)SymbolInfoInteger(Symbol(),SYMBOL_TRADE_EXEMODE))==SYMBOL_TRADE_EXECUTION_EXCHANGE){



ZeroMemory(mrequest);



mrequest.action = TRADE_ACTION_DEAL;                             



mrequest.symbol = _Symbol;



mrequest.volume = Lot;



mrequest.type = ORDER_TYPE_SELL;               



mrequest.type_filling = ORDER_FILLING_FOK;



 



ZeroMemory(check_result);



ZeroMemory(mresult);



if(!OrderCheck(mrequest,check_result))



     {



     if(check_result.retcode==10014)Alert(&quot;Wrong volume in the request&quot;);



if(check_result.retcode==10019)Alert(&quot;There is not enough money to make the request&quot;);



 



      return;



     }else{



if(OrderSend(mrequest,mresult)){



if(mresult.retcode==10009 || mresult.retcode==10008)



           {



priceSell=mresult.price;



 



//-----------------------          



ZeroMemory(mrequest);          



mrequest.action = TRADE_ACTION_SLTP;



mrequest.symbol = _Symbol;   



mrequest.tp = NormalizeDouble(mresult.price - Profit,_Digits);



mrequest.sl = NormalizeDouble(mresult.price + StopLoss,_Digits);



ZeroMemory(check_result);



ZeroMemory(mresult);



if(!OrderCheck(mrequest,check_result))



     {    



if(check_result.retcode==10015)Alert(&quot;Wrong price in the request&quot;);



if(check_result.retcode==10016)Alert(&quot;Wrong Stop Loss in the request&quot;); 



      return;



     }else{



if(OrderSend(mrequest,mresult)){



if(mresult.retcode==10009 || mresult.retcode==10008)



           {          



slSell= mrequest.sl;                     



           }



         else



           {



Print(&quot;Retcode &quot;,mresult.retcode);       



           } 



}else{



Print(&quot;Retcode &quot;,mresult.retcode);



}



}



//------------------------------------------                                  



           }



         else



           {



Print(&quot;Retcode &quot;,mresult.retcode);   



           } 



}else{



Print(&quot;Retcode &quot;,mresult.retcode);



}



}



}



//-----------------------------------------------------------------------   



}    



//-----------------------------------------------------------------------



if(BuyStop==true&&BuyOpened==true){



//-----------------------------------------------------------------------



if(((ENUM_SYMBOL_TRADE_EXECUTION)SymbolInfoInteger(Symbol(),SYMBOL_TRADE_EXEMODE))==SYMBOL_TRADE_EXECUTION_INSTANT){



ZeroMemory(mrequest);



mrequest.action = TRADE_ACTION_DEAL;                             



mrequest.symbol = _Symbol;



mrequest.volume = Lot;



mrequest.price = NormalizeDouble(latest_price.bid,_Digits);



mrequest.sl = NormalizeDouble(0.0,_Digits);



mrequest.tp = NormalizeDouble(0.0,_Digits);



mrequest.deviation=10; 



mrequest.type = ORDER_TYPE_SELL;               



mrequest.type_filling = ORDER_FILLING_FOK;



 



ZeroMemory(check_result);



ZeroMemory(mresult);



if(!OrderCheck(mrequest,check_result))



     {



if(check_result.retcode==10014)Alert(&quot;Wrong volume in the request&quot;);



if(check_result.retcode==10015)Alert(&quot;Wrong price in the request&quot;);



if(check_result.retcode==10016)Alert(&quot;Wrong Stop Loss in the request&quot;);



if(check_result.retcode==10019)Alert(&quot;There is not enough money to make the request&quot;);



      return;



     }else{



if(OrderSend(mrequest,mresult)){



if(mresult.retcode==10009 || mresult.retcode==10008)



           {          



Print(&quot;Price &quot;, mresult.price);                     



           }



         else



           {



if(mresult.retcode==10004)



{



Print(&quot;Requote bid &quot;,mresult.bid);



Print(&quot;Requote ask &quot;,mresult.ask);



}else{



Print(&quot;Retcode &quot;,mresult.retcode);



}        



           } 



}else{



Print(&quot;Retcode &quot;,mresult.retcode);



}



}



}



//-----------------------------------------------------------------------



if(((ENUM_SYMBOL_TRADE_EXECUTION)SymbolInfoInteger(Symbol(),SYMBOL_TRADE_EXEMODE))==SYMBOL_TRADE_EXECUTION_EXCHANGE){



ZeroMemory(mrequest);



mrequest.action = TRADE_ACTION_DEAL;                             



mrequest.symbol = _Symbol;



mrequest.volume = Lot;



mrequest.type = ORDER_TYPE_SELL;               



mrequest.type_filling = ORDER_FILLING_FOK;



 



ZeroMemory(check_result);



ZeroMemory(mresult);



if(!OrderCheck(mrequest,check_result))



     {



if(check_result.retcode==10014)Alert(&quot;Wrong volume in the request&quot;);



if(check_result.retcode==10019)Alert(&quot;There is not enough money to make the request&quot;);



      return;



     }else{



if(OrderSend(mrequest,mresult)){



if(mresult.retcode==10009 || mresult.retcode==10008)



           {



Print(&quot;Price &quot;, mresult.price);                                  



           }



         else



           {



Print(&quot;Retcode &quot;,mresult.retcode);   



           } 



}else{



Print(&quot;Retcode &quot;,mresult.retcode);



}



}



}



//-----------------------------------------------------------------------   



}    



//----------------------------------------------------------------------



}



In the OnInit function of the expert, let’s call the function Trailing of the class Trade.



#include &quot;CheckTrade.mqh&quot;



#include &quot;Trade.mqh&quot;



#include &quot;Sidus.mqh&quot;



 



input double   Lot=1;         



input double spreadLevel=5.0;



input double StopLoss=0.01;



input double Profit=0.1;



input int numberBarOpenPosition=4;



input int numberBarStopPosition=5;



 



input double TrailingStop=0.002;



 



CheckTrade checkTrade;



Trade trade(StopLoss,Profit,Lot, TrailingStop);



Sidus sidus(numberBarOpenPosition,numberBarStopPosition);



 



bool flagStopLoss=false;



 



//+------------------------------------------------------------------+



//| Expert initialization function                                   |



//+------------------------------------------------------------------+



int OnInit()



  {



  return(checkTrade.OnCheckTradeInit(Lot));



  }



 



//+------------------------------------------------------------------+



//| Expert tick function                                             |



//+------------------------------------------------------------------+



void OnTick()



  {



 



if(!checkTrade.OnCheckTradeTick(Lot,spreadLevel)){



return;



}



 



// Limit calculations of the expert for the appearance of a new bar on the chart



static datetime last_time;



datetime last_bar_time=(datetime)SeriesInfoInteger(Symbol(),Period(),SERIES_LASTBAR_DATE); 



if(last_time!=last_bar_time)



{



last_time=last_bar_time;    



}else{



return;



}



 



/*



// Limit calculations of the expert with the flagStopLoss



static datetime last_time_daily;



datetime last_bar_time_daily=(datetime)SeriesInfoInteger(Symbol(),PERIOD_D1,SERIES_LASTBAR_DATE); 



if(last_time_daily!=last_bar_time_daily)



{



last_time_daily=last_bar_time_daily;



flagStopLoss=false;   



}



 



if(flagStopLoss==true)return;



*/



 



// To calculate signals of the trading system, it requires historical symbol data



 



MqlRates mrate[];



ResetLastError();



if(CopyRates(Symbol(),Period(),0,numberBarStopPosition,mrate)<0)



     {



Print(GetLastError());



      return;



     } 



 



ArraySetAsSeries(mrate,true);



 



//----------------------------------------------------------------------



 



bool TradeSignalBuy=false;



bool TradeSignalSell=false;



 



 



TradeSignalBuy=sidus.OnTradeSignalBuy();



TradeSignalSell=sidus.OnTradeSignalSell();



 



bool TradeSignalBuyStop=false;



bool TradeSignalSellStop=false;



 



 



//TradeSignalBuyStop=sidus.OnTradeSignalBuyStop();



//TradeSignalSellStop=sidus.OnTradeSignalSellStop();



 



trade.Order(TradeSignalBuy,TradeSignalBuyStop,TradeSignalSell,TradeSignalSellStop);



trade.Trailing();



 



}



//+------------------------------------------------------------------+



//| Trade function                                                   |



//+------------------------------------------------------------------+



void OnTrade()



  {



static int _deals;



ulong _ticket=0;



 



if(HistorySelect(0,TimeCurrent()))



  {



int  i=HistoryDealsTotal()-1;



 



   if(_deals!=i) {   



   _deals=i;



   } else { return; }



 



   if((_ticket=HistoryDealGetTicket(i))>0)



     {



      string _comment=HistoryDealGetString(_ticket,DEAL_COMMENT);     



      if(StringFind(_comment,&quot;sl&quot;,0)!=-1) {      



      flagStopLoss=true;



      }



 



     }



  }  



  }



 



//----------------------------------------------------------------------



//| Expert deinitialization function                                 |



//+------------------------------------------------------------------+



void OnDeinit(const int reason)



  {  



 



  }   



The Expected payoff is now 230.89 - 179.78 = 51.



Although the net profit increases at a trailing, the statistical expert profitability becomes worse.



Another indicator of the tab Results of the Strategy Tester is the Sharpe Ratio that characterizes an efficiency and stability of the expert. The value of the indicator is higher, the rate of return per unit of risk is greater. The value of the Sharpe Ratio for stable experts is more than 0.25.



In our case the Sharpe Ratio is 0.09.



Growth Factor of an expert or GHPR (geometric mean of the deal) is equal to (Final Deposit/Initial Deposit) to the power 1/(Total Trades).



In this case, GHPR (Growth Factor) is equal to 1.0036 – it is greater than one, which means you can trade using reinvestment.



Other indicators of an expert that can be seen in the tab Result of the Strategy Tester are:



Profit Factor - Total Profit/Total Loss. The recommended value is not less than 2.



Recovery Factor - Net Profit/Maximum Drawdown of funds. The value is higher, the expert is less risky. Many advanced traders believe that a recovery factor of an effective trading system should be at least 3.



AHPR - an arithmetic mean of a deal. A positive value indicates that the trading system is profitable.



Margin Level - a lowest margin level in per cent, which was recorded for the test period.



LR Correlation – it allows to evaluate the deviation of chart points of the account balance from the linear regression. The LR Correlation is closer to zero, the trade is more random.



LR Standard Error – the deviation of the account balance graph from the linear regression in terms of money.



Average Profit Trade/Average Loss Trade - it is desirable that the ratio of these two indicators has been more than one.



Maximum consecutive losses - it is desirable that the indicator has been as low as possible.



Based on the depth of the maximum balance drawdown, we can calculate the minimum deposit required to start trading with the expert.



Min. deposit = Maximum drawdown of funds * 2



Correlation (Profits, MFE) - a link between results of positions and MFE (Maximum Favorable Excursion – a maximum volume of the potential profit, observed for the position holding time). MFE indicates the maximum price movement in a positive direction. The Correlation (Profits, MFE) is closer to the 1, the better the expert realizes the potential profit.



Correlation (Profits, MAE) – a link between results of positions and MAE (Maximum Adverse Excursion - a maximum potential loss observed for the position holding time). MAE shows the most unfavorable price movement. The Correlation (Profits, MAE) is closer to the 1, the better the expert uses a protective Stop Loss.



Correlation (MFE, MAE) - a link between the MFE and MAE. The Correlation (MFE, MAE) is closer to the 1, the better the expert realizes a maximum profit and maximally protects a position throughout its life.



Average position holding time - the indicator is calculated as total holding time divided by number of deals. Position holding time increases the risk, because the drawdown can obviously be greater if positions are held for a longer period of time.




Expert Development with MQL5 Wizard




MQL5 Wizard Wizard that opened by clicking the New on the MetaEditor toolbar allows you to generate expert code based on ready modules - signals, money management, and trailing stop.
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[image: Figure 3. General Properties of Expert Advisor]


[image: Fig. 4. Selection of trade signals of Expert Advisor]



A signal module is added using the Add button.


[image: ]



Files of signal modules - are Include files (*.mqh) located in the folder MQL5\Include\Expert\Signal.



As an example, let’s choose the MACD signal and PSAR.


[image: ]



If you look at the files SignalMACD.mqh and SignalSAR.mqh of the folder MQL5\Include\Expert\Signal, the MACD signal has 5 price forecasting models:



Model 0 - &quot;the oscillator has required direction&quot; - the importance of 10.



Model 1 - &quot;reverse of the oscillator to required direction&quot; - the importance of 30.



Model 2 - &quot;crossing of main and signal line&quot; - the importance of 80.



Model 3 - &quot;crossing of main line an the zero level&quot; - the importance of 50.



Model 4 - &quot;divergence of the oscillator and price&quot; - the importance of 60.



Model 5 - &quot;double divergence of the oscillator and price&quot; - the importance of 100.



The SAR signal model has 2 price forecasting models:



Model 0 - &quot;the parabolic is on the necessary side from the price&quot; - the importance of 40.



Model 1 - &quot;the parabolic has 'switched'&quot; - the importance of 90.



If the model gives a signal to the falling of the price - the importance value is negative, if the price increase - the importance value is positive.



The final forecast of the two modules is calculated according to the formula:



Final Forecast = (Forecast MACD + Forecast SAR) / 2



Where Forecast MACD = MACD signal Weight * MACD Model Importance



Forecast SAR = SAR signal Weight * SAR Model Importance



In our case we set the signal weights are equal to the 1.



If the final forecast exceeds a threshold value, the expert makes a deal to buy or sell.



Once signals of the expert are determined, an algorithm supporting the open position is defined.
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- Trailing Stop on fixed Stop Level – maintenance of an open position at a fixed &quot;distance&quot; (in points). The levels of Stop Loss and Take Profit of an open position are moved at a fixed distance by the price movement in the direction of the open position. When a price moves towards the open position by a distance that is greater than the number of points corresponding to the level Trailing Stop Level, an expert changes the values of levels Stop Loss and Take Profit (if Trailing Profit Level> 0).



- Trailing Stop based on MA – maintenance of an open position with the values ​​of the moving average of the previous bar.



- Trailing Stop based on Parabolic SAR – maintenance of an open position with the values ​​of the Parabolic SAR indicator on the previous bar.



Files implementing the algorithm of open position tracking are located in the folder MQL5\Include\Expert\Trailing.



Once the algorithm of open position tracking is specified, you can define an algorithm of managing capital and risk.
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- Trading with fixed trade volume (a lot).



- Trading with fixed margin. A value of the lot is calculated by the function MaxLotCheck, which returns a maximum possible volume of trading on the basis of a part of the free margin (default is 10%).



- Trading with fixed risk. A value of the lot is calculated as the ratio of a part of the balance allocated to the risk to the StopLoss.



- Trading with minimal allowed trade volume (a minimal allowed lot).



- Trading with optimized trade volume – the trade volume is determined by the results of previous deals. Here, firstly, a value of the lot is calculated by the function MaxLotCheck, which returns a maximum possible volume of trading on the basis of a part of the free margin (here, the default is 10%). Then, in the case of getting a loss, the lot is reduced by a factor Decrease Factor (the default is 3).



When getting a loss equal to the specified percentage of the current capital, a losing position is forcibly closed.



Files implementing an algorithm for the management of capital and risk are located in the folder MQL5\Include\Expert\Money.



After selecting the algorithm for the managing capital and risk, the expert code is generated.



The expert code is based on an instance of the CExpert class, which the file is located in the folder MQL5\Include\Expert.



Threshold values Signal_ThresholdOpen and Signal_ThresholdClose of the final signal forecast are equal to 10 by default.



Testing of this expert with the MACD and PSAR signals on the hourly EUR/USD chart with different algorithms of trailing and money management gives a negative expected payoff. Also, and the optimization of parameters gives nothing, such as the optimization of the parameters Trailing_FixedPips_StopLevel, Signal_MACD_Weight, and Signal_SAR_Weight. The expert remains unprofitable.



Let's try to create an expert that includes all of the standard MQL5 Wizard signals.



When testing on the hourly EUR/USD chart, the expert with equal weights of the signals also shows a negative expectation of winning.



However, after the optimization of the signal weights, the expert will give a plus, and combinations of signals will be visible with significant weights that give the best results. It is also possible to optimize the threshold values ​​of the forecast, along with the optimization of the signal weights.



Based on the obtained signal combinations that provide a profit of the expert, it is already possible to build a trading system.



The modular structure of the expert generated by the MQL5 Wizard allows you to include a custom module of signals of a trading system in an expert.



As an example, consider the development of a signal module based on the Sidus trading system.



In MetaEditor, let’s click the New button and with the MQL5 Wizard, let’s create an include file.
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Which we place in the folder MQL5\Include\Expert\Signal.



The included file should contain a class that extends the class CExpertSignal. Therefore, the code should include the file ExpertSignal.mqh of the CExpertSignal class.



#include <Expert\ExpertSignal.mqh>



After that, the code should contain an information about the signal module for MQL5 Wizard, which is used for the detection of a signal module by the MQL5 Wizard to create an expert in the window of adding signals, as well as when generating expert code. Without this information, the MQL5 Wizard simply does not add a signal module in the interface, although the signal module file is located in the folder MQL5\Include\Expert\Signal. After creating a signal module, the MetaEditor should be restarted to add the signal in the MQL5 Wizard.



// wizard description start



//+------------------------------------------------------------------+



//| Description of the class                                         |



//| Title=Signals of the system 'Sidus'                              |



//| Type=SignalAdvanced                                              |



//| Name=Sidus                                                       |



//| ShortName=MA                                                     |



//| Class=CSignalSidus                                               |



//| Page=                                                            |



//| Parameter=NumberOpenPosition,int,5,Bars number checked to cross  |



//| Parameter=Pattern_0,int,80,Model 0                               |



//| Parameter=Pattern_1,int,20,Model 1                               |



//| Parameter=Pattern_2,int,80,Model 2                               |



//+------------------------------------------------------------------+



// wizard description end



//+------------------------------------------------------------------+



//| Class CSignalSidus.                                              |



//| Purpose: Class of generator of trade signals based on            |



//|          the 'Sidus' system.                                     |



//| Is derived from the CExpertSignal class.                         |



//+------------------------------------------------------------------+



Here, the line Title is displayed in the signal list in the MQL5 Wizard window, the line Page indicates a help section and must be empty, the lines Parameter describe methods of setting signal parameters and used for generating the expert code.



Next the code declares parameters and methods of the class of the signal module.



class CSignalSidus : public CExpertSignal



  {



protected:



   CiMA              m_ma18;             // object-indicator



   CiMA              m_ma28;             // object-indicator



   CiMA              m_ma5;             // object-indicator



   CiMA              m_ma8;             // object-indicator



   //--- adjusted parameters



   int m_numberOpenPosition;



   //--- &quot;weights&quot; of market models (0-100)



   int               m_pattern_0;      // model 0 &quot;5 WMA and 8 WMA cross the 18 EMA and the 28 EMA upward or top down&quot; 80



   int               m_pattern_1;      // model 1 &quot;5 WMA crosses the 8 WMA upward or top down&quot; 10



   int               m_pattern_2;      // model 2 &quot;18 EMA crosses the 28 EMA upward or top down&quot; 80



 



public:



                     CSignalSidus(void);



                    ~CSignalSidus(void);



   //--- methods of setting adjustable parameters



   void              NumberOpenPosition(int value)                 { m_numberOpenPosition=value;    }               



   //--- methods of adjusting &quot;weights&quot; of market models



   void              Pattern_0(int value)                { m_pattern_0=value;          }



   void              Pattern_1(int value)                { m_pattern_1=value;          }



   void              Pattern_2(int value)                { m_pattern_2=value;          }



   //--- method of verification of settings



   virtual bool      ValidationSettings(void);



   //--- method of creating the indicator and timeseries



   virtual bool      InitIndicators(CIndicators *indicators);



   //--- methods of checking if the market models are formed



   virtual int       LongCondition(void);



   virtual int       ShortCondition(void);



 



protected:



   //--- method of initialization of the indicator



   bool              InitMA(CIndicators *indicators);



 



  };



Here, the m_ma* objects are moving averages used by the Sidus system, the m_numberOpenPosition parameter is a number of bars, in which a moving average crossover will be checked.



To generate signals, let’s define three models of the price forecast – the moving averages 5WMA and 8 WMA cross the moving averages 18 EMA and 28 EMA, the moving average 5WMA crosses the moving average WMA 8, the moving average 18 EMA crosses the moving average 28 EMA.



The ValidationSettings method validates signal parameters, the InitIndicators method initializes m_ma* objects.



The expert receives module signals via the methods CheckOpenLong, CheckOpenShort, CheckCloseLong, CheckCloseShort, CheckReverseLong, CheckReverseShort of the class CExpertSignal.



However, these methods, in turn, form their return values ​​based on the values ​​that are returned by the methods LongCondition and ShortCondition.



The LongCondition and ShortCondition methods just operate price forecasting models. So, in the signal module, it is sufficient to define these two methods.



Let’s define a constructor of the class and its methods.



CSignalSidus::CSignalSidus(void) : m_numberOpenPosition(5),



                                   m_pattern_0(80),



                                   m_pattern_1(10),



                                   m_pattern_2(80)



  {



//--- initialization of protected data



   m_used_series=USE_SERIES_OPEN+USE_SERIES_HIGH+USE_SERIES_LOW+USE_SERIES_CLOSE;



  }



//+------------------------------------------------------------------+



//| Destructor                                                       |



//+------------------------------------------------------------------+



CSignalSidus::~CSignalSidus(void)



  {



  } 



//+------------------------------------------------------------------+



//| Validation settings protected data.                              |



//+------------------------------------------------------------------+



bool CSignalSidus::ValidationSettings(void)



  {



//--- validation settings of additional filters



   if(!CExpertSignal::ValidationSettings())



      return(false);



 



//--- ok



   return(true);



  } 



//+------------------------------------------------------------------+



//| Create indicators.                                               |



//+------------------------------------------------------------------+



bool CSignalSidus::InitIndicators(CIndicators *indicators)



  {



//--- check pointer



   if(indicators==NULL)



      return(false);



//--- initialization of indicators and timeseries of additional filters



   if(!CExpertSignal::InitIndicators(indicators))



      return(false);



//--- create and initialize MA indicator



   if(!InitMA(indicators))



      return(false);



//--- ok



   return(true);



  }



//+------------------------------------------------------------------+



//| Initialize MA indicators.                                        |



//+------------------------------------------------------------------+



bool CSignalSidus::InitMA(CIndicators *indicators)



  {



//--- check pointer



   if(indicators==NULL)



      return(false);



//--- add object to collection



   if(!indicators.Add(GetPointer(m_ma18)))



     {



      printf(__FUNCTION__+&quot;: error adding object&quot;);



      return(false);



     }



//--- initialize object



   if(!m_ma18.Create(m_symbol.Name(),m_period,18,0,MODE_EMA,PRICE_WEIGHTED))



     {



      printf(__FUNCTION__+&quot;: error initializing object&quot;);



      return(false);



     }



     //--- add object to collection



   if(!indicators.Add(GetPointer(m_ma28)))



     {



      printf(__FUNCTION__+&quot;: error adding object&quot;);



      return(false);



     }



//--- initialize object



   if(!m_ma28.Create(m_symbol.Name(),m_period,28,0,MODE_EMA,PRICE_WEIGHTED))



     {



      printf(__FUNCTION__+&quot;: error initializing object&quot;);



      return(false);



     }



//--- add object to collection



   if(!indicators.Add(GetPointer(m_ma5)))



     {



      printf(__FUNCTION__+&quot;: error adding object&quot;);



      return(false);



     }



//--- initialize object



   if(!m_ma5.Create(m_symbol.Name(),m_period,5,0,MODE_LWMA,PRICE_WEIGHTED))



     {



      printf(__FUNCTION__+&quot;: error initializing object&quot;);



      return(false);



     }



//--- add object to collection



   if(!indicators.Add(GetPointer(m_ma8)))



     {



      printf(__FUNCTION__+&quot;: error adding object&quot;);



      return(false);



     }



//--- initialize object



   if(!m_ma8.Create(m_symbol.Name(),m_period,8,0,MODE_LWMA,PRICE_WEIGHTED))



     {



      printf(__FUNCTION__+&quot;: error initializing object&quot;);



      return(false);



     }           



//--- ok



   return(true);



  }   



//+------------------------------------------------------------------+



//| &quot;Voting&quot; that price will grow.                                   |



//+------------------------------------------------------------------+



int CSignalSidus::LongCondition(void)



  {



   int result=0;



   int idx=StartIndex();



 



 



if(m_ma5.Main(idx)>m_ma8.Main(idx)&&m_ma8.Main(idx)>m_ma18.Main(idx)&&m_ma8.Main(idx)>m_ma28.Main(idx)){



bool flagCross1=false;



bool flagCross2=false;



for (int i=(idx+1);i<m_numberOpenPosition;i++){



if(m_ma5.Main(i)<m_ma18.Main(i)&&m_ma5.Main(i)<m_ma28.Main(i)){



flagCross1=true;



}



if(m_ma8.Main(i)<m_ma18.Main(i)&&m_ma8.Main(i)<m_ma28.Main(i)){



flagCross2=true;



}



}



if(flagCross1==true&&flagCross2==true){



result=m_pattern_0;



 



}



}



 



if(m_ma5.Main(idx)>m_ma8.Main(idx)){



bool flagCross=false;



for (int i=(idx+1);i<m_numberOpenPosition;i++){



if(m_ma5.Main(i)<m_ma8.Main(i)){



flagCross=true;



}



}



if(flagCross==true){



result=m_pattern_1;



}



}



 



if(m_ma18.Main(idx)>m_ma28.Main(idx)){



bool flagCross=false;



for (int i=(idx+1);i<m_numberOpenPosition;i++){



if(m_ma18.Main(i)<m_ma28.Main(i)){



flagCross=true;



}



}



if(flagCross==true){



result=m_pattern_2;



}



}



 



   return result;



}



//+------------------------------------------------------------------+



//| &quot;Voting&quot; that price will fall.                                   |



//+------------------------------------------------------------------+



int CSignalSidus::ShortCondition(void)



  {



   int result=0;



   int idx   =StartIndex();



 



if(m_ma5.Main(idx)<m_ma8.Main(idx)&&m_ma8.Main(idx)<m_ma18.Main(idx)&&m_ma8.Main(idx)<m_ma28.Main(idx)){



bool flagCross1=false;



bool flagCross2=false;



for (int i=(idx+1);i<m_numberOpenPosition;i++){



if(m_ma5.Main(i)>m_ma18.Main(i)&&m_ma5.Main(i)>m_ma28.Main(i)){



flagCross1=true;



}



if(m_ma8.Main(i)>m_ma18.Main(i)&&m_ma8.Main(i)>m_ma28.Main(i)){



flagCross2=true;



}



}



if(flagCross1==true&&flagCross2==true){



result=m_pattern_0;



}



}



 



if(m_ma5.Main(idx)<m_ma8.Main(idx)){



bool flagCross=false;



for (int i=(idx+1);i<m_numberOpenPosition;i++){



if(m_ma5.Main(i)>m_ma8.Main(i)){



flagCross=true;



}



}



if(flagCross==true){



result=m_pattern_1;



}



}



 



if(m_ma18.Main(idx)<m_ma28.Main(idx)){



bool flagCross=false;



for (int i=(idx+1);i<m_numberOpenPosition;i++){



if(m_ma18.Main(i)>m_ma28.Main(i)){



flagCross=true;



}



}



if(flagCross==true){



result=m_pattern_2;



}



}



 



   return result;



} 



With the MQL5 Wizard, let’s generate the code expert, based on the created signal module.



//+------------------------------------------------------------------+



//| Include                                                          |



//+------------------------------------------------------------------+



#include <Expert\Expert.mqh>



//--- available signals



#include <Expert\Signal\SignalSidus.mqh>



//--- available trailing



#include <Expert\Trailing\TrailingFixedPips.mqh>



//--- available money management



#include <Expert\Money\MoneyFixedLot.mqh>



//+------------------------------------------------------------------+



//| Inputs                                                           |



//+------------------------------------------------------------------+



//--- inputs for expert



input string Expert_Title                  =&quot;EMTSSGeneratedSidus&quot;; // Document name



ulong        Expert_MagicNumber            =7506;                  //



bool         Expert_EveryTick              =false;                 //



//--- inputs for main signal



input int    Signal_ThresholdOpen          =20;                    // Signal threshold value to open [0...100]



input int    Signal_ThresholdClose         =20;                    // Signal threshold value to close [0...100]



input double Signal_PriceLevel             =0.0;                   // Price level to execute a deal



input double Signal_StopLevel              =50.0;                  // Stop Loss level (in points)



input double Signal_TakeLevel              =50.0;                  // Take Profit level (in points)



input int    Signal_Expiration             =4;                     // Expiration of pending orders (in bars)



input int    Signal_MA_NumberOpenPosition  =5;                     // Sidus(5,80,20,80) Bars number checked to cross



input int    Signal_MA_Pattern_0           =80;                    // Sidus(5,80,20,80) Model 0



input int    Signal_MA_Pattern_1           =20;                    // Sidus(5,80,20,80) Model 1



input int    Signal_MA_Pattern_2           =80;                    // Sidus(5,80,20,80) Model 2



input double Signal_MA_Weight              =1.0;                   // Sidus(5,80,20,80) Weight [0...1.0]



//--- inputs for trailing



input int    Trailing_FixedPips_StopLevel  =30;                    // Stop Loss trailing level (in points)



input int    Trailing_FixedPips_ProfitLevel=50;                    // Take Profit trailing level (in points)



//--- inputs for money



input double Money_FixLot_Percent          =10.0;                  // Percent



input double Money_FixLot_Lots             =0.1;                   // Fixed volume



//+------------------------------------------------------------------+



//| Global expert object                                             |



//+------------------------------------------------------------------+



CExpert ExtExpert;



//+------------------------------------------------------------------+



//| Initialization function of the expert                            |



//+------------------------------------------------------------------+



int OnInit()



  {



//--- Initializing expert



if(!ExtExpert.Init(Symbol(),Period(),Expert_EveryTick,Expert_MagicNumber))



     {



      //--- failed



      printf(__FUNCTION__+&quot;: error initializing expert&quot;);



      ExtExpert.Deinit();



      return(INIT_FAILED);



     }



//--- Creating signal



   CExpertSignal *signal=new CExpertSignal;



   if(signal==NULL)



     {



      //--- failed



      printf(__FUNCTION__+&quot;: error creating signal&quot;);



      ExtExpert.Deinit();



      return(INIT_FAILED);



     }



//---



   ExtExpert.InitSignal(signal);



   signal.ThresholdOpen(Signal_ThresholdOpen);



   signal.ThresholdClose(Signal_ThresholdClose);



   signal.PriceLevel(Signal_PriceLevel);



   signal.StopLevel(Signal_StopLevel);



   signal.TakeLevel(Signal_TakeLevel);



   signal.Expiration(Signal_Expiration);



//--- Creating filter CSignalSidus



CSignalSidus *filter0=new CSignalSidus;



if(filter0==NULL)



  {



   //--- failed



   printf(__FUNCTION__+&quot;: error creating filter0&quot;);



   ExtExpert.Deinit();



   return(INIT_FAILED);



  }



signal.AddFilter(filter0);



//--- Set filter parameters



filter0.NumberOpenPosition(Signal_MA_NumberOpenPosition);



filter0.Pattern_0(Signal_MA_Pattern_0);



filter0.Pattern_1(Signal_MA_Pattern_1);



filter0.Pattern_2(Signal_MA_Pattern_2);



filter0.Weight(Signal_MA_Weight);



//--- Creation of trailing object



  CTrailingFixedPips *trailing=new CTrailingFixedPips;



   if(trailing==NULL)



     {



      //--- failed



      printf(__FUNCTION__+&quot;: error creating trailing&quot;);



      ExtExpert.Deinit();



      return(INIT_FAILED);



     }



//--- Add trailing to expert (will be deleted automatically))



   if(!ExtExpert.InitTrailing(trailing))



     {



      //--- failed



      printf(__FUNCTION__+&quot;: error initializing trailing&quot;);



      ExtExpert.Deinit();



      return(INIT_FAILED);



     }



//--- Set trailing parameters



trailing.StopLevel(Trailing_FixedPips_StopLevel);



trailing.ProfitLevel(Trailing_FixedPips_ProfitLevel);



//--- Creation of money object



CMoneyFixedLot *money=new CMoneyFixedLot;



   if(money==NULL)



     {



      //--- failed



      printf(__FUNCTION__+&quot;: error creating money&quot;);



      ExtExpert.Deinit();



      return(INIT_FAILED);



     }



//--- Add money to expert (will be deleted automatically))



   if(!ExtExpert.InitMoney(money))



     {



      //--- failed



      printf(__FUNCTION__+&quot;: error initializing money&quot;);



      ExtExpert.Deinit();



      return(INIT_FAILED);



     }



//--- Set money parameters



money.Percent(Money_FixLot_Percent);



money.Lots(Money_FixLot_Lots);



//--- Check all trading objects parameters



   if(!ExtExpert.ValidationSettings())



     {



      //--- failed



      ExtExpert.Deinit();



      return(INIT_FAILED);



     }



//--- Tuning of all necessary indicators



   if(!ExtExpert.InitIndicators())



     {



      //--- failed



      printf(__FUNCTION__+&quot;: error initializing indicators&quot;);



      ExtExpert.Deinit();



      return(INIT_FAILED);



     }



//--- ok



   return(INIT_SUCCEEDED);



  }



//+------------------------------------------------------------------+



//| Deinitialization function of the expert                          |



//+------------------------------------------------------------------+



void OnDeinit(const int reason)



  {



   ExtExpert.Deinit();



  }



//+------------------------------------------------------------------+



//| &quot;Tick&quot; event handler function                                    |



//+------------------------------------------------------------------+



void OnTick()



  {



   ExtExpert.OnTick();



  }



//+------------------------------------------------------------------+



//| &quot;Trade&quot; event handler function                                   |



//+------------------------------------------------------------------+



void OnTrade()



  {



   ExtExpert.OnTrade();



  }



//+------------------------------------------------------------------+



//| &quot;Timer&quot; event handler function                                   |



//+------------------------------------------------------------------+



void OnTimer()



  {



   ExtExpert.OnTimer();



  }



//+------------------------------------------------------------------+



By optimization of the expert parameters at the hourly EUR/USD chart, we can see that the expert works best with the following parameter values:



input int    Signal_ThresholdOpen          =20;                    // Signal threshold value to open [0...100]



input int    Signal_ThresholdClose         =20;                    // Signal threshold value to close [0...100]



input int    Signal_MA_NumberOpenPosition  =3;                     // Sidus(5,80,20,80) Bars number checked to cross



input int    Signal_MA_Pattern_0           =60;                    // Sidus(5,80,20,80) Model 0



input int    Signal_MA_Pattern_1           =10;                    // Sidus(5,80,20,80) Model 1



input int    Signal_MA_Pattern_2           =100;                    // Sidus(5,80,20,80) Model 2



input int    Trailing_FixedPips_StopLevel  =100;                    // Stop Loss trailing level (in points)




Creating an indicator based on expert signal modules




As an example, let’s create an indicator on the basis of two signal modules SignalMA and SignalMACD, which files are located in the folder MQL5\Include\Expert\Signal.



With the MQL5 Wizard, let’s create a basis of the indicator by selecting the option Custom Indicator.



Now we need to specify properties of the indicator, as well as determine the functions OnInit and OnCalculate.



When creating an indicator based on trading signal modules of an expert, we will base on the expert code generated using the MQL5 Wizard.



When such an expert is working, in the OnTick function, the function OnTick of the class CExpert is called.



This function firstly calls the Refresh function updating symbol prices and indicator values, and then later it calls the Processing function that gets trading signals and place orders.



Since the function Refresh is protected, and we need to update data of modules of trading signals in the OnCalculate function, let’s create a custom class CExpertInd extending the class CExpert.



#include <Expert\Expert.mqh>



 



class CExpertInd : public CExpert



  {



  public:



  virtual bool      RefreshInd(void);



  };



 



  //+------------------------------------------------------------------+



//| Refreshing data for processing                                   |



//+------------------------------------------------------------------+



bool CExpertInd::RefreshInd(void)



  {



   MqlDateTime time;



//--- refresh rates



   if(!m_symbol.RefreshRates())



      return(false);



//--- check need processing



   TimeToStruct(m_symbol.Time(),time);



   if(m_period_flags!=WRONG_VALUE && m_period_flags!=0)



      if((m_period_flags&TimeframesFlags(time))==0)



         return(false);



   m_last_tick_time=time;



//--- refresh indicators



   m_indicators.Refresh();



//--- ok



   return(true);



  }



Looking at the CSignalMA and CSignalMACD classes, we can see that the functions LongCondition and ShortCondition that provide trade models are called on the current bar. However, we need to call these functions on the entire history of a symbol. In addition, we need a function BarsCalculated that returns a number of the calculated values in the signal module. Therefore, we create classes CSignalMAInd and CSignalMACDInd, which extend the classes CSignalMA and CSignalMACD.



#include <Expert\Signal\SignalMA.mqh>



class CSignalMAInd : public CSignalMA



  {



  public:



  virtual int       BarsCalculatedInd();              



  virtual int       LongConditionInd(int ind);



  virtual int       ShortConditionInd(int ind);                 



  };



 



//+------------------------------------------------------------------+



//| Refresh indicators.                                               |



//+------------------------------------------------------------------+ 



int CSignalMAInd:: BarsCalculatedInd(){



return m_ma.BarsCalculated();



}



 



//+------------------------------------------------------------------+



//| &quot;Voting&quot; that price will grow.                                   |



//+------------------------------------------------------------------+



int CSignalMAInd::LongConditionInd(int idx)



  {



 



   int result=0;



 



//--- analyze positional relationship of the close price and the indicator at the first analyzed bar



   if(DiffCloseMA(idx)<0.0)



     {



      //--- the close price is below the indicator



      if(IS_PATTERN_USAGE(1) && DiffOpenMA(idx)>0.0 && DiffMA(idx)>0.0)



        {



         //--- the open price is above the indicator (i.e. there was an intersection), but the indicator is directed upwards



         result=m_pattern_1;



         //--- consider that this is an unformed &quot;piercing&quot; and suggest to enter the market at the current price



         m_base_price=0.0;



        }



     }



   else



     {



      //--- the close price is above the indicator (the indicator has no objections to buying)



      if(IS_PATTERN_USAGE(0))



         result=m_pattern_0;



      //--- if the indicator is directed upwards



      if(DiffMA(idx)>0.0)



        {



         if(DiffOpenMA(idx)<0.0)



           {



            //--- if the model 2 is used



            if(IS_PATTERN_USAGE(2))



              {



               //--- the open price is below the indicator (i.e. there was an intersection)



               result=m_pattern_2;



               //--- suggest to enter the market at the &quot;roll back&quot;



               m_base_price=m_symbol.NormalizePrice(MA(idx));



              }



           }



         else



           {



            //--- if the model 3 is used and the open price is above the indicator



            if(IS_PATTERN_USAGE(3) && DiffLowMA(idx)<0.0)



              {



               //--- the low price is below the indicator



               result=m_pattern_3;



               //--- consider that this is a formed &quot;piercing&quot; and suggest to enter the market at the current price



               m_base_price=0.0;



              }



           }



        }



     }



//--- return the result



   return(result);



  }



//+------------------------------------------------------------------+



//| &quot;Voting&quot; that price will fall.                                   |



//+------------------------------------------------------------------+



int CSignalMAInd::ShortConditionInd(int idx)



  {



   int result=0;



 



//--- analyze positional relationship of the close price and the indicator at the first analyzed bar



   if(DiffCloseMA(idx)>0.0)



     {



      //--- the close price is above the indicator



      if(IS_PATTERN_USAGE(1) && DiffOpenMA(idx)<0.0 && DiffMA(idx)<0.0)



        {



         //--- the open price is below the indicator (i.e. there was an intersection), but the indicator is directed downwards



         result=m_pattern_1;



         //--- consider that this is an unformed &quot;piercing&quot; and suggest to enter the market at the current price



         m_base_price=0.0;



        }



     }



   else



     {



      //--- the close price is below the indicator (the indicator has no objections to buying)



      if(IS_PATTERN_USAGE(0))



         result=m_pattern_0;



      //--- the indicator is directed downwards



      if(DiffMA(idx)<0.0)



        {



         if(DiffOpenMA(idx)>0.0)



           {



            //--- if the model 2 is used



            if(IS_PATTERN_USAGE(2))



              {



               //--- the open price is above the indicator (i.e. there was an intersection)



               result=m_pattern_2;



               //--- suggest to enter the market at the &quot;roll back&quot;



               m_base_price=m_symbol.NormalizePrice(MA(idx));



              }



           }



         else



           {



            //--- if the model 3 is used and the open price is below the indicator



            if(IS_PATTERN_USAGE(3) && DiffHighMA(idx)>0.0)



              {



               //--- the high price is above the indicator



               result=m_pattern_3;



               //--- consider that this is a formed &quot;piercing&quot; and suggest to enter the market at the current price



               m_base_price=0.0;



              }



           }



        }



     }



//--- return the result



   return(result);



  }



//+------------------------------------------------------------------+



#include <Expert\Signal\SignalMACD.mqh>



 



class CSignalMACDInd : public CSignalMACD



  {



  public:



  virtual int       BarsCalculatedInd();                 



  virtual int       LongConditionInd(int ind);



  virtual int       ShortConditionInd(int ind);



 



  };



//+------------------------------------------------------------------+



//| Refresh indicators.                                               |



//+------------------------------------------------------------------+ 



int CSignalMACDInd:: BarsCalculatedInd(){



return m_MACD.BarsCalculated();



}



 



//+------------------------------------------------------------------+



//| &quot;Voting&quot; that price will grow.                                   |



//+------------------------------------------------------------------+



int CSignalMACDInd::LongConditionInd(int idx)



  {



   int result=0;



 



//--- check direction of the main line



   if(DiffMain(idx)>0.0)



     {



      //--- the main line is directed upwards, and it confirms the possibility of price growth



      if(IS_PATTERN_USAGE(0))



         result=m_pattern_0;      // &quot;confirming&quot; signal number 0



      //--- if the model 1 is used, look for a reverse of the main line



      if(IS_PATTERN_USAGE(1) && DiffMain(idx+1)<0.0)



         result=m_pattern_1;      // signal number 1



      //--- if the model 2 is used, look for an intersection of the main and signal line



      if(IS_PATTERN_USAGE(2) && State(idx)>0.0 && State(idx+1)<0.0)



         result=m_pattern_2;      // signal number 2



      //--- if the model 3 is used, look for an intersection of the main line and the zero level



      if(IS_PATTERN_USAGE(3) && Main(idx)>0.0 && Main(idx+1)<0.0)



         result=m_pattern_3;      // signal number 3



      //--- if the models 4 or 5 are used and the main line turned upwards below the zero level, look for divergences



      if((IS_PATTERN_USAGE(4) || IS_PATTERN_USAGE(5)) && Main(idx)<0.0)



        {



         //--- perform the extended analysis of the oscillator state



         ExtState(idx);



         //--- if the model 4 is used, look for the &quot;divergence&quot; signal



         if(IS_PATTERN_USAGE(4) && CompareMaps(1,1)) // 0000 0001b



            result=m_pattern_4;   // signal number 4



         //--- if the model 5 is used, look for the &quot;double divergence&quot; signal



         if(IS_PATTERN_USAGE(5) && CompareMaps(0x11,2)) // 0001 0001b



            return(m_pattern_5);  // signal number 5



        }



     }



//--- return the result



   return(result);



  }



//+------------------------------------------------------------------+



//| &quot;Voting&quot; that price will fall.                                   |



//+------------------------------------------------------------------+



int CSignalMACDInd::ShortConditionInd(int idx)



  {



   int result=0;



 



//--- check direction of the main line



   if(DiffMain(idx)<0.0)



     {



      //--- main line is directed downwards, confirming a possibility of falling of price



      if(IS_PATTERN_USAGE(0))



         result=m_pattern_0;      // &quot;confirming&quot; signal number 0



      //--- if the model 1 is used, look for a reverse of the main line



      if(IS_PATTERN_USAGE(1) && DiffMain(idx+1)>0.0)



         result=m_pattern_1;      // signal number 1



      //--- if the model 2 is used, look for an intersection of the main and signal line



      if(IS_PATTERN_USAGE(2) && State(idx)<0.0 && State(idx+1)>0.0)



         result=m_pattern_2;      // signal number 2



      //--- if the model 3 is used, look for an intersection of the main line and the zero level



      if(IS_PATTERN_USAGE(3) && Main(idx)<0.0 && Main(idx+1)>0.0)



         result=m_pattern_3;      // signal number 3



      //--- if the models 4 or 5 are used and the main line turned downwards above the zero level, look for divergences



      if((IS_PATTERN_USAGE(4) || IS_PATTERN_USAGE(5)) && Main(idx)>0.0)



        {



         //--- perform the extended analysis of the oscillator state



         ExtState(idx);



         //--- if the model 4 is used, look for the &quot;divergence&quot; signal



         if(IS_PATTERN_USAGE(4) && CompareMaps(1,1)) // 0000 0001b



            result=m_pattern_4;   // signal number 4



         //--- if the model 5 is used, look for the &quot;double divergence&quot; signal



         if(IS_PATTERN_USAGE(5) && CompareMaps(0x11,2)) // 0001 0001b



            return(m_pattern_5);  // signal number 5



        }



     }



//--- return the result



   return(result);



  }



//+------------------------------------------------------------------+ 



Now we can start coding of our indicator.



We will draw the indicator as a line at opening prices, and the line color will be changed depending on the forecast for the increase or decrease in prices.



#property indicator_chart_window



 



#include <Expert\ExpertInd.mqh>



#include <Expert\Signal\SignalMACDInd.mqh>



#include <Expert\Signal\SignalMAInd.mqh>



 



#property indicator_buffers 2



#property indicator_plots   1



#property indicator_type1    DRAW_COLOR_LINE



#property indicator_color1  clrBlack,clrRed,clrLawnGreen



#property indicator_style1  STYLE_SOLID



#property indicator_width1  2



 



double         InBuffer[];



double         ColorBuffer[];



int    bars_calculated=0;



 



input int                Signal_ThresholdOpen          =20;          // Signal threshold value to open [0...100]



input int                Signal_ThresholdClose         =20;          // Signal threshold value to close [0...100]



 



input int                Signal_MACD_PeriodFast        =12;          // MACD(12,24,9,PRICE_CLOSE) Period of fast EMA



input int                Signal_MACD_PeriodSlow        =24;          // MACD(12,24,9,PRICE_CLOSE) Period of slow EMA



input int                Signal_MACD_PeriodSignal      =9;           // MACD(12,24,9,PRICE_CLOSE) Period of averaging of difference



input ENUM_APPLIED_PRICE Signal_MACD_Applied           =PRICE_CLOSE; // MACD(12,24,9,PRICE_CLOSE) Prices series



input double             Signal_MACD_Weight            =1.0;         // MACD(12,24,9,PRICE_CLOSE) Weight [0...1.0]



input int                Signal_MA_PeriodMA            =12;          // Moving Average(12,0,...) Period of averaging



input int                Signal_MA_Shift               =0;           // Moving Average(12,0,...) Time shift



input ENUM_MA_METHOD     Signal_MA_Method              =MODE_SMA;    // Moving Average(12,0,...) Method of averaging



input ENUM_APPLIED_PRICE Signal_MA_Applied             =PRICE_CLOSE; // Moving Average(12,0,...) Prices series



input double             Signal_MA_Weight              =1.0;         // Moving Average(12,0,...) Weight [0...1.0]



 



CExpertInd ExtExpert;



CSignalMAInd *filter0 = new CSignalMAInd;



CSignalMACDInd *filter1 = new CSignalMACDInd;



 



//+------------------------------------------------------------------+



//| Custom indicator initialization function                         |



//+------------------------------------------------------------------+



int OnInit()



  {



 



//--- Initializing expert



if(!ExtExpert.Init(Symbol(),Period(),true,100))



     {



      //--- failed



      printf(__FUNCTION__+&quot;: error initializing expert&quot;);



      ExtExpert.Deinit();



      return(INIT_FAILED);



     }



//--- Creating signal



   CExpertSignal *signal=new CExpertSignal;



   if(signal==NULL)



     {



      //--- failed



      printf(__FUNCTION__+&quot;: error creating signal&quot;);



      ExtExpert.Deinit();



      return(INIT_FAILED);



     }



//---



   ExtExpert.InitSignal(signal); 



 



filter0.PeriodMA(Signal_MA_PeriodMA);



filter0.Shift(Signal_MA_Shift);



filter0.Method(Signal_MA_Method);



filter0.Applied(Signal_MA_Applied);



 



filter1.PeriodFast(Signal_MACD_PeriodFast);



filter1.PeriodSlow(Signal_MACD_PeriodSlow);



filter1.PeriodSignal(Signal_MACD_PeriodSignal);



filter1.Applied(Signal_MACD_Applied);



 



signal.AddFilter(filter0);



signal.AddFilter(filter1);



if(!ExtExpert.ValidationSettings())



     {



      //--- failed



      ExtExpert.Deinit();



      return(INIT_FAILED);



     }



//--- Tuning of all necessary indicators



   if(!ExtExpert.InitIndicators())



     {



      //--- failed



      printf(__FUNCTION__+&quot;: error initializing indicators&quot;);



      ExtExpert.Deinit();



      return(INIT_FAILED);



     }



//--- ok



   //--- indicator buffers mapping



   SetIndexBuffer(0,InBuffer,INDICATOR_DATA);



   SetIndexBuffer(1,ColorBuffer,INDICATOR_COLOR_INDEX);



 



ArraySetAsSeries(InBuffer,true);  



ArraySetAsSeries(ColorBuffer,true);



 



 



//---



   return(INIT_SUCCEEDED);



  }



//+------------------------------------------------------------------+



//| Custom indicator iteration function                              |



//+------------------------------------------------------------------+



int OnCalculate(const int rates_total,



                const int prev_calculated,



                const datetime &time[],



                const double &open[],



                const double &high[],



                const double &low[],



                const double &close[],



                const long &tick_volume[],



                const long &volume[],



                const int &spread[])



  {



   int values_to_copy;



int calculated=MathMin(filter0.BarsCalculatedInd(), filter1.BarsCalculatedInd());



   if(calculated<=0)



     {



      PrintFormat(&quot;BarsCalculated() returns %d, error code %d&quot;,calculated,GetLastError());



      return(0);



     }



   if(prev_calculated==0 || calculated!=bars_calculated || rates_total>prev_calculated+1)



     {



 



      if(calculated>rates_total) values_to_copy=rates_total;



      else                       values_to_copy=calculated;



     }



   else



     {



 



      values_to_copy=(rates_total-prev_calculated)+1;



     }



 



bars_calculated=calculated;



 



ArraySetAsSeries(open,true);



 



ExtExpert.RefreshInd();



 



if(values_to_copy>1)



{



 



for (int i=0; i<values_to_copy; i++){



 



ColorBuffer[i]=0;



InBuffer[i]=open[i];



 



double result0=Signal_MA_Weight*(filter0.LongConditionInd(i)-filter0.ShortConditionInd(i));



double result1=Signal_MACD_Weight*(filter1.LongConditionInd(i)-filter1.ShortConditionInd(i));



double result=(result0+result1)/2;



 



if(result>=Signal_ThresholdOpen)



     {



ColorBuffer[i]=2;  



     }



 



if(-result>=Signal_ThresholdOpen){



ColorBuffer[i]=1;



}



}



}



//--- return value of prev_calculated for next call



   return(rates_total);



  }



//+------------------------------------------------------------------+



Here, we have got the input parameters and the initialization code from the code of the generated expert.



Since signal modules work with data as timeseries, let’s apply the ArraySetAsSeries function to the buffers of the indicator.



In the OnCalculate function of the indicator, we firstly update all the data, and then get the weighted signals of modules and compare them with a threshold value. As a result, we get a forecast for the increase or decrease in prices.




Genetic algorithms




When creating a self-optimizing expert, at a certain stage of its operation, it requires automatic calling a code that re-optimizes the expert parameters on the history of the financial instrument, and then the expert continues to work with the new parameters.



Since the expert works at the current bar and does not use a symbol history, a code of the optimization of expert parameters should be based on the code of an indicator, which in turn is based on the expert code.



To optimize expert parameters, or the parameters of the indicator now, which is coinciding with the expert parameters, you can use the full search, but a genetic algorithm can be used to reduce the optimization time.



Referring to the terminology.



A chromosome consists of a set of genes - a set of randomly selected expert parameters within acceptable ranges.



A generation is a set of chromosomes.



The fitness function FF is the code that returns an expert’s value over which the optimization is done, such as income.



A value of the fitness function VFF(
 [image: ]
 ) is used to calculate the probability of chromosome reproduction - population member.


[image: ]



An initial population is generated randomly, and a population size (a number of individuals) is fixed and does not change during operation of the entire algorithm.



On the basis of probabilities of reproduction of chromosomes of an initial population, a new population is formed, and so on, until a termination condition of the algorithm is triggered.



Each next population is generated from the previous by selection, crossover, and mutation.



For the selection, such algorithms can be used as roulette, tournament selection, and an elite selection.



When applying a roulette, the roulette wheel is divided into sectors, a number of which coincides with a number of individuals in a population. The area of ​​each sector is proportional to the probability of reproducing individuals of the population. The selection is made by means of rotation of the roulette wheel. Thus, the individual with the greatest reproduction probability value falls into the following population with the largest number of times. The number of individual copies in the next population is determined by the formula:


[image: ]



Where N – a number of individuals in the population.



In the tournament selection, two individuals are randomly selected from the population, of which the individual remains with the highest probability of reproduction.



In an elite selection, some of the best individuals go to the next population without any changes, without participating in the selection and crossing.



After the selection, the crossing of individuals is done, in which firstly two individuals are selected, then a break point is randomly determined in the range of a number of parameters of the fitness function, after which individuals exchange segments of chromosomes. The crossing is made with a probability of &frac12;.



When applying mutations, firstly a parameter of the fitness function is randomly selected, then it is modified. The mutation is made with a probability of 0.001.



The library UGAlib of the MQL5 Community implementing a genetic algorithm uses a representation of chromosomes as an array of double Chromosome[], where the 0 index is a value of the fitness function, while the other indexes are parameters of the fitness function or chromosome genes.



The optimization of parameters of the fitness function is carried out in a range of up RangeMinimum to RangeMaximum. Therefore, if the optimized parameters have different ranges, they should result in the same range, usually from 0.0 to 1.0.



A population of individuals is represented by a two-dimensional array double Population[][1000], where rows are chromosomes.



A population is ranked by a value of the fitness function, so that its first member has the best value of the fitness function for the optimization criterion.



A population is divided into two parts. Initially, the entire population is populated with individuals, which have randomly selected genes in the range. Then, for these individuals, a value of the fitness function is calculated, which is placed in the 0 index of the chromosome. While the function GetFitness of the fitness function value calculation operates a colony of descendants represented by the array double Colony[][500] having a size two times smaller than the size of the population. Thus, the population is populated with the two colonies of descendants.



A colony of descendants has a size smaller than the size of the population, in order to populate the part of the population after the mutations and crossings that has the worst value of the fitness function. In particular, individuals, obtained by mutations and crossings, occupy exactly a colony of descendants.



After the initial settlement of the population, the removing of duplicates is done by using the RemovalDuplicates function, which also produces a ranking of the population by a value of the fitness function.



After the preparation of the initial population, the cycle of epochs is called - the cycle of birth of new populations, which lasts as long as the number of epochs without improving does not exceed the threshold Epoch.



A criterion for improvement is the reference chromosome - the first individual of the population.



In the cycle of epochs, the population is modified by replication, natural mutation, artificial mutation, genes borrowing, and crossing used to populate a new colony of descendants, which then replaces the part of the population having the worst value of the fitness function.



In the CycleOfOperators function’s cycle of settling a new colony of descendants, the operators of replication, natural mutation, artificial mutation, genes borrowing, and crossing are chosen at random, depending on their proportion from 0 to 100.



After creating a new population, it also removes duplicates, and it is ranked by a value of the fitness function.



Here, the replication is a choice of two chromosomes of the population and creating a new chromosome based on them, for which genes are randomly selected in an extended range by shifting from the first individual gene to the left and from the second individual gene to the right.



The selection of two parents from the population is done by using the roulette algorithm mentioned above.



The natural mutation is produced by selecting one of the parents from the population by using the roulette algorithm and replacing its genes with genes randomly selected in the range of up RangeMinimum to RangeMaximum. The replacement of genes is done with a probability NMutationProbability from 0.0 to 100.0.



When using the artificial mutation, two parents are selected from the population using the roulette algorithm, and genes of a descendant are randomly selected from the space unallocated by the genes of the parents on the number line in the ranges from the RangeMinimum to shift from the first individual gene to the right and from the shift from the second individual gene to the left to the RangeMaximum.



When genes borrowing, for the first gene of a descendant, a parent is selected from the population using the roulette algorithm and its first gene is taken, then, for the second gene, another parent is selected and the second gene is taken, etc.



When crossing, two parents are chosen from the population using the roulette algorithm, and genes of a descendant are formed by the exchange of chromosome segments of mom and dad.



A full implementation of the code of the genetic algorithm.



//+——————————————————————————————————————————————————————————————————————+



//|                                                       JQS UGA v1.3.1 |



//|                                       Copyright © 2010, JQS aka Joo. |



//|                                        http://www.mql4.com/users/joo |



//|                                     https://login.mql5.com/users/joo |



//+——————————————————————————————————————————————————————————————————————+



//The library of the &quot;Universal Genetic Algorithm UGAlib&quot;             |



//that uses the representation of a chromosome as real numbers.           |



//+——————————————————————————————————————————————————————————————————————+



 



//----------------------Global variables-----------------------------



double Chromosome[];            //A set of optimized function arguments - genes



                                //(for example, wight of the neural network, etc)-chromosome



int    ChromosomeCount     =0;  //The maximum possible number of chromosomes in a colony



int    TotalOfChromosomesInHistory=0;//Total number of chromosomes in history



int    ChrCountInHistory   =0;  //The number of unique chromosomes in the base of chromosomes



int    GeneCount           =0;  //Number of genes in the chromosome



 



double RangeMinimum        =0.0;//Minimum of the search range



double RangeMaximum        =0.0;//Maximum of the search range



double Precision           =0.0;//Search step



int    OptimizeMethod      =0;  //1-minimum, any other - maximum



 



double Population   [][1000];   //Population



double Colony       [][500];    //The colony of children



int    PopulChromosCount   =0;  //the current number of chromosomes in the population



int    Epoch               =0;  //Number of epochs without improvement



int    AmountStartsFF=0;        //Number of runs of the fitness function



//———————————————————————————————————————————————————————————————————————



 



//———————————————————————————————————————————————————————————————————————



//The main UGA function



void UGA



(



double ReplicationPortion, //Proportion of replication.



double NMutationPortion,   //Portion of natural mutation.



double ArtificialMutation, //Portion of artificial mutation.



double GenoMergingPortion, //Portion of adoption of genes.



double CrossingOverPortion,//Portion of crossing over.



//---



double ReplicationOffset,  //Rate of shifting the interval borders



double NMutationProbability//Probability of mutation of each gene in %



)



{



  //Reset the generator; performed only once



  MathSrand((int)TimeLocal());



  //-----------------------Variables-------------------------------------



  int    chromos=0, gene  =0;//Indexes of chromosomes and genes



  int    resetCounterFF   =1;//Counter of resets of &quot;Epochs without improvement&quot;



  int    currentEpoch     =1;//Number of the current epoch



  int    SumOfCurrentEpoch=0;//Sum of &quot;Epoch without improvement&quot;



  int    MinOfCurrentEpoch=Epoch;//Minimum of &quot;Epochs without improvement&quot;



  int    MaxOfCurrentEpoch=0;//Maximum of &quot;Epochs without improvement&quot;



  int    epochGlob        =0;//Total number of epochs



  // Colony [number of attributes (genes)][number of individuals in colony]



  ArrayResize    (Population,GeneCount+1);



  ArrayInitialize(Population,0.0);



  // Number of offsprings [number of attributes (genes)][number of individuals in colony]



  ArrayResize    (Colony,GeneCount+1);



  ArrayInitialize(Colony,0.0);



  // Bank of Chromosomes



  // [number of attributes(genes)][number of chromosomes in bank]



  double          historyHromosomes[][100000];



  ArrayResize    (historyHromosomes,GeneCount+1);



  ArrayInitialize(historyHromosomes,0.0);



  //---------------------------------------------------------------------



  //--------------Checking the correctness of input parameters-----------



  //...number of chromosomes must be no less than 2



  if (ChromosomeCount<=1)  ChromosomeCount=2;



  if (ChromosomeCount>500) ChromosomeCount=500;



  //---------------------------------------------------------------------



  //======================================================================



  // 1) Create protopopulation                                     —————1)



  ProtopopulationBuilding ();



  //======================================================================



  // 2) Determine the fitness of each individual—————2)



  //For 1-nd colony



  for (chromos=0;chromos<ChromosomeCount;chromos++)



    for (gene=1;gene<=GeneCount;gene++)



      Colony[gene][chromos]=Population[gene][chromos];



 



  GetFitness(historyHromosomes);



 



  for (chromos=0;chromos<ChromosomeCount;chromos++)



    Population[0][chromos]=Colony[0][chromos];



 



  //For 2-nd colony



  for (chromos=ChromosomeCount;chromos<ChromosomeCount*2;chromos++)



    for (gene=1;gene<=GeneCount;gene++)



      Colony[gene][chromos-ChromosomeCount]=Population[gene][chromos];



 



  GetFitness(historyHromosomes);



 



  for (chromos=ChromosomeCount;chromos<ChromosomeCount*2;chromos++)



    Population[0][chromos]=Colony[0][chromos-ChromosomeCount];



  //======================================================================



  // 3) Prepare the population for propagation                         ————3)



  RemovalDuplicates();



  //======================================================================



  // 4) Select the standard chromosome                               —————4)



  for (gene=0;gene<=GeneCount;gene++)



    Chromosome[gene]=Population[gene][0];



  //======================================================================



  ServiceFunction();



 



  //Main cycle of the genetic algorithm from 5 to 6



  while (currentEpoch<=Epoch)



  {



    //====================================================================



    // 5) Operators of UGA                                            —————5)



    CycleOfOperators



    (



    historyHromosomes,



    //---



    ReplicationPortion, //Portion of replication.



    NMutationPortion,   //Portion of natural mutation.



    ArtificialMutation, //Portion of artificial mutation.



    GenoMergingPortion, //Portion of adoption of genes.



    CrossingOverPortion,//Portion of crossing over.



    //---



    ReplicationOffset,  //Rate of shifting the interval borders



    NMutationProbability//Probability of mutation of each gene in %



    );



    //====================================================================



    // 6) Compare genes of the best offspring with genes of the standard chromosome.



    // If the chromosome of offspring is betters than the standard one,



    // replace the standard one.                                         —————6)



    //If the optimization mode is minimization



    if (OptimizeMethod==1)



    {



      //If the best chromosome of the population is better than the standard one



      if (Population[0][0]<Chromosome[0])



      {



        //Replace the standard chromosome



        for (gene=0;gene<=GeneCount;gene++)



          Chromosome[gene]=Population[gene][0];



        ServiceFunction();



        //Reset the counter of &quot;epochs without improvement&quot;



        if (currentEpoch<MinOfCurrentEpoch)



          MinOfCurrentEpoch=currentEpoch;



        if (currentEpoch>MaxOfCurrentEpoch)



          MaxOfCurrentEpoch=currentEpoch;



        SumOfCurrentEpoch+=currentEpoch; currentEpoch=1; resetCounterFF++;



      }



      else



        currentEpoch++;



    }



    //If the optimization mode is maximization



    else



    {



      //If the best chromosome of the population is better than the standard one



      if (Population[0][0]>Chromosome[0])



      {



        //Replace the standard chromosome



        for (gene=0;gene<=GeneCount;gene++)



          Chromosome[gene]=Population[gene][0];



        ServiceFunction();



        //Reset the counter of &quot;epochs without improvement&quot;



        if (currentEpoch<MinOfCurrentEpoch)



          MinOfCurrentEpoch=currentEpoch;



        if (currentEpoch>MaxOfCurrentEpoch)



          MaxOfCurrentEpoch=currentEpoch;



        SumOfCurrentEpoch+=currentEpoch; currentEpoch=1; resetCounterFF++;



      }



      else



        currentEpoch++;



    }



    //====================================================================



    //Another epoch has passed....



    epochGlob++;



  }



/*



  Print(&quot;Total number of passed epochs=&quot;,epochGlob,&quot; Number of resets=&quot;,resetCounterFF);



  Print(&quot;Мин.эпох без улучш.=&quot;,MinOfCurrentEpoch,



        &quot; Aver.epochs without impr.=&quot;,



        NormalizeDouble((double)SumOfCurrentEpoch/(double)resetCounterFF,2),



        &quot; Макс.эпох без улучш.=&quot;,MaxOfCurrentEpoch);



  Print(ChrCountInHistory,&quot; - Unique chromosomes&quot;);



  Print(AmountStartsFF,&quot; - Total number of launches of FF&quot;);



  Print(TotalOfChromosomesInHistory,&quot; - Total number of chromosomes in history&quot;);



  Print(NormalizeDouble(100.0-((double)ChrCountInHistory*100.0/



                               (double)TotalOfChromosomesInHistory),2),&quot;% duplicates&quot;);



  Print(Chromosome[0],&quot; - Best result&quot;);



*/



}



//———————————————————————————————————————————————————————————————————————



 



//———————————————————————————————————————————————————————————————————————



//Creating a proto-population



void ProtopopulationBuilding()



{



  PopulChromosCount=ChromosomeCount*2;



  //Fill the population with chromosomes that have random



  //...genes within the RangeMinimum...RangeMaximum range



  for (int chromos=0;chromos<PopulChromosCount;chromos++)



  {



    //starting from the 1-st index (0- is reserved for VFF)



    for (int gene=1;gene<=GeneCount;gene++)



      Population[gene][chromos]=



      SelectInDiscreteSpace(RNDfromCI(RangeMinimum,RangeMaximum),RangeMinimum,RangeMaximum,Precision,3);



    TotalOfChromosomesInHistory++;



  }



}



//———————————————————————————————————————————————————————————————————————



 



//———————————————————————————————————————————————————————————————————————



//Getting the fitness for each individual.



void GetFitness



(



double &historyHromosomes[][100000]



)



{



  for (int chromos=0;chromos<ChromosomeCount;chromos++)



    CheckHistoryChromosomes(chromos,historyHromosomes);



}



//———————————————————————————————————————————————————————————————————————



 



//———————————————————————————————————————————————————————————————————————



//Verification of the chromosome through the chromosome base.



void CheckHistoryChromosomes



(



int     chromos,



double &historyHromosomes[][100000]



)



{



  //-----------------------Variables-------------------------------------



  int   Ch1=0;  //Index of a chromosome from base



  int   Ge =0;  //Index of a gene



  int   cnt=0;  //Counter of unique genes. If at least one gene is different



                //- the chromosome is considered to be unique



  //---------------------------------------------------------------------



  //If at least one chromosome is stored in the base



  if (ChrCountInHistory>0)



  {



    //Search through the chromosomes in base to find the same one



    for (Ch1=0;Ch1<ChrCountInHistory && cnt<GeneCount;Ch1++)



    {



      cnt=0;



      //Compare genes while the index of a gene is less than the number of genes and while the same genes are being found



      for (Ge=1;Ge<=GeneCount;Ge++)



      {



        if (Colony[Ge][chromos]!=historyHromosomes[Ge][Ch1])



          break;



        cnt++;



      }



    }



    //If there's the same number of identical genes, we can take a ready solution from the base



    if (cnt==GeneCount)



      Colony[0][chromos]=historyHromosomes[0][Ch1-1];



    //If there is no identical chromosome in the base, calculate FF for it...



    else



    {



      FitnessFunction(chromos);



      //.. If there is free space in the base, save it



      if (ChrCountInHistory<100000)



      {



        for (Ge=0;Ge<=GeneCount;Ge++)



          historyHromosomes[Ge][ChrCountInHistory]=Colony[Ge][chromos];



        ChrCountInHistory++;



      }



    }



  }



  //If the base is free, calculate FF for it and save it in the base



  else



  {



    FitnessFunction(chromos);



    for (Ge=0;Ge<=GeneCount;Ge++)



      historyHromosomes[Ge][ChrCountInHistory]=Colony[Ge][chromos];



    ChrCountInHistory++;



  }



}



//————————————————————————————————————————————————————————————————————————



 



//————————————————————————————————————————————————————————————————————————



//Cycle of Operators in UGA



void CycleOfOperators



(



double &historyHromosomes[][100000],



//---



double    ReplicationPortion, //Доля Репликации.



double    NMutationPortion,   //Portion of natural mutation.



double    ArtificialMutation, //Portion of artificial mutation.



double    GenoMergingPortion, //Portion of adoption of genes.



double    CrossingOverPortion,//Portion of crossing over.



//---



double    ReplicationOffset,  //Rate of shifting the interval borders



double    NMutationProbability//Probability of mutation of each gene in %



)



{



  //-----------------------Variables-------------------------------------



  double          child[];



  ArrayResize    (child,GeneCount+1);



  ArrayInitialize(child,0.0);



 



  int gene=0,chromos=0, border=0;



  int    i=0,u=0;



  double p=0.0,start=0.0;



  double          fit[][2];



  ArrayResize    (fit,6);



  ArrayInitialize(fit,0.0);



 



  //Counter of seats in a new population.



  int T=0;



  //----------------------------------------------------------------------



 



  //Set portion of operators of UGA



  double portion[6];



  portion[0]=ReplicationPortion; //Portion of replication.



  portion[1]=NMutationPortion;   //Portion of natural mutation.



  portion[2]=ArtificialMutation; //Portion of artificial mutation.



  portion[3]=GenoMergingPortion; //Portion of adoption of genes.



  portion[4]=CrossingOverPortion;//Portion of crossing over.



  portion[5]=0.0;



  //----------------------------



  if (NMutationProbability<0.0)



    NMutationProbability=0.0;



  if (NMutationProbability>100.0)



    NMutationProbability=100.0;



  //----------------------------



  //------------------------Cycle of operators of UGA---------



  //Fill the new colony with children



  while (T<ChromosomeCount)



  {



    //============================



    for (i=0;i<6;i++)



    {



      fit[i][0]=start;



      fit[i][1]=start+MathAbs(portion[i]-portion[5]);



      start=fit[i][1];



    }



    p=RNDfromCI(fit[0][0],fit[4][1]);



    for (u=0;u<5;u++)



    {



      if ((fit[u][0]<=p && p<fit[u][1]) || p==fit[u][1])



        break;



    }



    //============================



    switch (u)



    {



    //---------------------



    case 0:



      //------------------------Replication------------------------------



      //If there is a place in new colony, create a new individual



      if (T<ChromosomeCount)



      {



        Replication(child,ReplicationOffset);



        //Place the new individual in new colony



        for (gene=1;gene<=GeneCount;gene++) Colony[gene][T]=child[gene];



        //Occupied one place and scroll the counter forward



        T++;



        TotalOfChromosomesInHistory++;



      }



      //---------------------------------------------------------------



      break;



      //---------------------



    case 1:



      //---------------------Natural Mutation-------------------------



      //If there is a place in new colony, create a new individual



      if (T<ChromosomeCount)



      {



        NaturalMutation(child,NMutationProbability);



        //Place the new individual in new colony



        for (gene=1;gene<=GeneCount;gene++) Colony[gene][T]=child[gene];



        //Occupied one place and scroll the counter forward



        T++;



        TotalOfChromosomesInHistory++;



      }



      //---------------------------------------------------------------



      break;



      //---------------------



    case 2:



      //----------------------Artificial Mutation-----------------------



      //If there is a place in new colony, create a new individual



      if (T<ChromosomeCount)



      {



        ArtificialMutation(child,ReplicationOffset);



        //Place the new individual in new colony



        for (gene=1;gene<=GeneCount;gene++) Colony[gene][T]=child[gene];



        //Occupied one place and scroll the counter forward



        T++;



        TotalOfChromosomesInHistory++;



      }



      //---------------------------------------------------------------



      break;



      //---------------------



    case 3:



      //-------------Formation of a new individual with adopted genes-----------



      //If there is a place in new colony, create a new individual



      if (T<ChromosomeCount)



      {



        GenoMerging(child);



        //Place the new individual in new colony



        for (gene=1;gene<=GeneCount;gene++) Colony[gene][T]=child[gene];



        //Occupied one place and scroll the counter forward



        T++;



        TotalOfChromosomesInHistory++;



      }



      //---------------------------------------------------------------



      break;



      //---------------------



    default:



      //---------------------------Crossing over---------------------------



      //If there is a place in new colony, create a new individual



      if (T<ChromosomeCount)



      {



        CrossingOver(child);



        //Place the new individual in new colony



        for (gene=1;gene<=GeneCount;gene++) Colony[gene][T]=child[gene];



        //Occupied one place and scroll the counter forward



        T++;



        TotalOfChromosomesInHistory++;



      }



      //---------------------------------------------------------------



 



      break;



      //---------------------



    }



  }//End of the cycle of UGA operators--



 



  //Determine the fitness of each individual in the colony of children



  GetFitness(historyHromosomes);



 



  //Place the children in the main population



  if (PopulChromosCount>=ChromosomeCount)



  {



    border=ChromosomeCount;



    PopulChromosCount=ChromosomeCount*2;



  }



  else



  {



    border=PopulChromosCount;



    PopulChromosCount+=ChromosomeCount;



  }



  for (chromos=0;chromos<ChromosomeCount;chromos++)



    for (gene=0;gene<=GeneCount;gene++)



      Population[gene][chromos+border]=Colony[gene][chromos];



 



  //Prepare the population to the next propagation



  RemovalDuplicates();



}//End of function



//———————————————————————————————————————————————————————————————————————



 



//———————————————————————————————————————————————————————————————————————



//Replication



void Replication



(



double &child[],



double  ReplicationOffset



)



{



  //-----------------------Variables-------------------------------------



  double C1=0.0,C2=0.0,temp=0.0,Maximum=0.0,Minimum=0.0;



  int address_mama=0,address_papa=0;



  //---------------------------------------------------------------------



  SelectTwoParents(address_mama,address_papa);



  //-------------------Cycle of searching genes--------------------------



  for (int i=1;i<=GeneCount;i++)



  {



    //----Determine where do mother and father come from--------



    C1 = Population[i][address_mama];



    C2 = Population[i][address_papa];



    //------------------------------------------



 



    //------------------------------------------------------------------



    //....determine the largest and the smallest of them,



    //if С1>C2, switch their places



    if (C1>C2)



    {



      temp = C1; C1=C2; C2 = temp;



    }



    //--------------------------------------------



    if (C2-C1<Precision)



    {



      child[i]=C1; continue;



    }



    //--------------------------------------------



    //Set the borders of creation of new gene



    Minimum = C1-((C2-C1)*ReplicationOffset);



    Maximum = C2+((C2-C1)*ReplicationOffset);



    //--------------------------------------------



    //Obligatory checking if the search is within the specified range



    if (Minimum < RangeMinimum) Minimum = RangeMinimum;



    if (Maximum > RangeMaximum) Maximum = RangeMaximum;



    //---------------------------------------------------------------



    temp=RNDfromCI(Minimum,Maximum);



    child[i]=



    SelectInDiscreteSpace(temp,RangeMinimum,RangeMaximum,Precision,3);



  }



}



//———————————————————————————————————————————————————————————————————————



 



//———————————————————————————————————————————————————————————————————————



//Natural mutation



void NaturalMutation



(



double &child[],



double  NMutationProbability



)



{



  //-----------------------Variables-------------------------------------



  int    address=0;



  //----------------------------------------------------------------------



 



  //-----------------Selection of parent------------------------



  SelectOneParent(address);



  //---------------------------------------



  for (int i=1;i<=GeneCount;i++)



    if (RNDfromCI(0.0,100.0)<=NMutationProbability)



      child[i]=



      SelectInDiscreteSpace(RNDfromCI(RangeMinimum,RangeMaximum),RangeMinimum,RangeMaximum,Precision,3);



    else



      child[i]=Population[i][address];



}



//————————————————————————————————————————————————————————————————————————



 



//————————————————————————————————————————————————————————————————————————



//Artificial mutation.



void ArtificialMutation



(



double &child[],



double  ReplicationOffset



)



{



  //-----------------------Variables-------------------------------------



  double C1=0.0,C2=0.0,temp=0.0,Maximum=0.0,Minimum=0.0,p=0.0;



  int address_mama=0,address_papa=0;



  //----------------------------------------------------------------------



  //-----------------Selection of parents------------------------



  SelectTwoParents(address_mama,address_papa);



  //--------------------------------------------------------



  //-------------------Cycle of searching genes------------------------------



  for (int i=1;i<=GeneCount;i++)



  {



    //----Determine where do mother and father come from--------



    C1 = Population[i][address_mama];



    C2 = Population[i][address_papa];



    //------------------------------------------



 



    //------------------------------------------------------------------



    //....determine the largest and the smallest of them,



    //if С1>C2, switch their places



    if (C1>C2)



    {



      temp=C1; C1=C2; C2=temp;



    }



    //--------------------------------------------



    //Set the borders of creation of new gene



    Minimum=C1-((C2-C1)*ReplicationOffset);



    Maximum=C2+((C2-C1)*ReplicationOffset);



    //--------------------------------------------



    //Obligatory checking if the search is within the specified range



    if (Minimum < RangeMinimum) Minimum = RangeMinimum;



    if (Maximum > RangeMaximum) Maximum = RangeMaximum;



    //---------------------------------------------------------------



    p=MathRand();



    if (p<16383.5)



    {



      temp=RNDfromCI(RangeMinimum,Minimum);



      child[i]=



      SelectInDiscreteSpace(temp,RangeMinimum,RangeMaximum,Precision,3);



    }



    else



    {



      temp=RNDfromCI(Maximum,RangeMaximum);



      child[i]=



      SelectInDiscreteSpace(temp,RangeMinimum,RangeMaximum,Precision,3);



    }



  }



}



//———————————————————————————————————————————————————————————————————————



 



//———————————————————————————————————————————————————————————————————————



//Adoption of genes.



void GenoMerging



(



double &child[]



)



{



  //-----------------------Variables-------------------------------------



  int  address=0;



  //---------------------------------------------------------------------



  for (int i=1;i<=GeneCount;i++)



  {



    //-----------------Selection of parent------------------------



    SelectOneParent(address);



    //--------------------------------------------------------



    child[i]=Population[i][address];



  }



}



//———————————————————————————————————————————————————————————————————————



 



//———————————————————————————————————————————————————————————————————————



//Crossing over.



void CrossingOver



(



double &child[]



)



{



  //-----------------------Variables-------------------------------------



  int address_mama=0,address_papa=0;



  //----------------------------------------------------------------------



  //-----------------Selection of parents------------------------



  SelectTwoParents(address_mama,address_papa);



  //--------------------------------------------------------



  //Determine the point of break



  int address_of_gene=(int)MathFloor((GeneCount-1)*(MathRand()/32767.5));



 



  for (int i=1;i<=GeneCount;i++)



  {



    //----copy mother's genes--------



    if (i<=address_of_gene+1)



      child[i]=Population[i][address_mama];



    //----copy father's genes--------



    else



      child[i]=Population[i][address_papa];



  }



}



//———————————————————————————————————————————————————————————————————————



 



//———————————————————————————————————————————————————————————————————————



//The selection of two parents



void SelectTwoParents



(



int &address_mama,



int &address_papa



)



{



  //-----------------------Variables-------------------------------------



  int cnt=1;



  address_mama=0;//address of the mother individual in population



  address_papa=0;//address of the father individual in the population



  //---------------------------------------------------------------------



  //----------------------------Selection of parents---------------------



  //Ten attempts to choose different parents.



  while (cnt<=10)



  {



    //For the mother individual



    address_mama=NaturalSelection();



    //For the father individual



    address_papa=NaturalSelection();



    if (address_mama!=address_papa)



      break;



    cnt++;



  }



  //---------------------------------------------------------------------



}



//———————————————————————————————————————————————————————————————————————



 



//———————————————————————————————————————————————————————————————————————



//The selection of one parent.



void SelectOneParent



(



int &address//address of the parent individual in the population



)



{



  //-----------------------Variables-------------------------------------



  address=0;



  //---------------------------------------------------------------------



  //----------------------------Selection of parent----------------------



  address=NaturalSelection();



  //---------------------------------------------------------------------



}



//———————————————————————————————————————————————————————————————————————



 



//———————————————————————————————————————————————————————————————————————



//Natural selection.



int NaturalSelection()



{



  //-----------------------Variables-------------------------------------



  int    i=0,u=0;



  double p=0.0,start=0.0;



  double          fit[][2];



  ArrayResize    (fit,PopulChromosCount);



  ArrayInitialize(fit,0.0);



  double delta=(Population[0][0]-Population[0][PopulChromosCount-1])*0.01-Population[0][PopulChromosCount-1];



  //---------------------------------------------------------------------



 



  for (i=0;i<PopulChromosCount;i++)



  {



    fit[i][0]=start;



    fit[i][1]=start+MathAbs(Population[0][i]+delta);



    start=fit[i][1];



  }



  p=RNDfromCI(fit[0][0],fit[PopulChromosCount-1][1]);



 



  for (u=0;u<PopulChromosCount;u++)



    if ((fit[u][0]<=p && p<fit[u][1]) || p==fit[u][1])



      break;



 



  return(u);



}



//———————————————————————————————————————————————————————————————————————



 



//———————————————————————————————————————————————————————————————————————



//Remove duplicates sorted by VFF



void RemovalDuplicates()



{



  //-----------------------Variables-------------------------------------



  int             chromosomeUnique[1000];//The array stores the sign of uniqueness



                                         //of each chromosome: 0-duplicate, 1-unique



  ArrayInitialize(chromosomeUnique,1);   //Suppose that there's no duplicates



  double          PopulationTemp[][1000];



  ArrayResize    (PopulationTemp,GeneCount+1);



  ArrayInitialize(PopulationTemp,0.0);



 



  int Ge =0;                             //Index of a gene



  int Ch =0;                             //Index of a chromosome



  int Ch2=0;                             //Index of a second chromosome



  int cnt=0;                             //Counter



  //---------------------------------------------------------------------



 



  //----------------------Delete duplicates---------------------------1



  //Select the first one from a pair to compare...



  for (Ch=0;Ch<PopulChromosCount-1;Ch++)



  {



    //If it is not a duplicate...



    if (chromosomeUnique[Ch]!=0)



    {



      //Choose the second one from the pair...



      for (Ch2=Ch+1;Ch2<PopulChromosCount;Ch2++)



      {



        if (chromosomeUnique[Ch2]!=0)



        {



          //Zeroize  the counter of identical genes



          cnt=0;



          //Compare genes until there no identical genes



          for (Ge=1;Ge<=GeneCount;Ge++)



          {



            if (Population[Ge][Ch]!=Population[Ge][Ch2])



              break;



            else



              cnt++;



          }



          //Iif the number of identical genes is the sane as the genes in total



          //..the chromosome is considered to be a duplicate



          if (cnt==GeneCount)



            chromosomeUnique[Ch2]=0;



        }



      }



    }



  }



  //The counter will calculate the number of unique chromosomes



  cnt=0;



  // Copy the unique chromosomes into a temporary array



  for (Ch=0;Ch<PopulChromosCount;Ch++)



  {



    //If a chromosome is uniqe, copy it; if it is not, go to the next one



    if (chromosomeUnique[Ch]==1)



    {



      for (Ge=0;Ge<=GeneCount;Ge++)



        PopulationTemp[Ge][cnt]=Population[Ge][Ch];



      cnt++;



    }



  }



  //Assign the value of the counter of unique chromosomes to the &quot;Total number of chromosomes&quot; variable



  PopulChromosCount=cnt;



  //Return the unique chromosomes back to the array for temporary storing



  //..unite populations



  for (Ch=0;Ch<PopulChromosCount;Ch++)



    for (Ge=0;Ge<=GeneCount;Ge++)



      Population[Ge][Ch]=PopulationTemp[Ge][Ch];



  //=================================================================1



 



  //----------------Ranking of population---------------------------2



  PopulationRanking();



  //=================================================================2



}



//———————————————————————————————————————————————————————————————————————



 



//———————————————————————————————————————————————————————————————————————



//Ranking the population.



void PopulationRanking()



{



  //-----------------------Variables-------------------------------------



  int cnt=1, i = 0, u = 0;



  double          PopulationTemp[][1000];           //Temporary population



  ArrayResize    (PopulationTemp,GeneCount+1);



  ArrayInitialize(PopulationTemp,0.0);



 



  int             Indexes[];                        //Indexes of chromosomes



  ArrayResize    (Indexes,PopulChromosCount);



  ArrayInitialize(Indexes,0);



  int    t0=0;



  double          ValueOnIndexes[];                 //VFF of the corresponding



                                                    //..indexes of chromosomes



  ArrayResize    (ValueOnIndexes,PopulChromosCount);



  ArrayInitialize(ValueOnIndexes,0.0); double t1=0.0;



  //---------------------------------------------------------------------



 



  //Place the indexes to the temp2 temporary array and



  //...copy the first line from the sorted array



  for (i=0;i<PopulChromosCount;i++)



  {



    Indexes[i] = i;



    ValueOnIndexes[i] = Population[0][i];



  }



  if (OptimizeMethod==1)



  {



    while (cnt>0)



    {



      cnt=0;



      for (i=0;i<PopulChromosCount-1;i++)



      {



        if (ValueOnIndexes[i]>ValueOnIndexes[i+1])



        {



          //-----------------------



          t0 = Indexes[i+1];



          t1 = ValueOnIndexes[i+1];



          Indexes   [i+1] = Indexes[i];



          ValueOnIndexes   [i+1] = ValueOnIndexes[i];



          Indexes   [i] = t0;



          ValueOnIndexes   [i] = t1;



          //-----------------------



          cnt++;



        }



      }



    }



  }



  else



  {



    while (cnt>0)



    {



      cnt=0;



      for (i=0;i<PopulChromosCount-1;i++)



      {



        if (ValueOnIndexes[i]<ValueOnIndexes[i+1])



        {



          //-----------------------



          t0 = Indexes[i+1];



          t1 = ValueOnIndexes[i+1];



          Indexes   [i+1] = Indexes[i];



          ValueOnIndexes   [i+1] = ValueOnIndexes[i];



          Indexes   [i] = t0;



          ValueOnIndexes   [i] = t1;



          //-----------------------



          cnt++;



        }



      }



    }



  }



  //Created a sorted array by the obtained indexes



  for (i=0;i<GeneCount+1;i++)



    for (u=0;u<PopulChromosCount;u++)



      PopulationTemp[i][u]=Population[i][Indexes[u]];



  //Copy the sorted array back



  for (i=0;i<GeneCount+1;i++)



    for (u=0;u<PopulChromosCount;u++)



      Population[i][u]=PopulationTemp[i][u];



}



//———————————————————————————————————————————————————————————————————————



 



//———————————————————————————————————————————————————————————————————————



//The generator of random numbers from a given interval.



double RNDfromCI(double Minimum,double Maximum)



{ return(Minimum+((Maximum-Minimum)*MathRand()/32767.5));}



//———————————————————————————————————————————————————————————————————————



 



//———————————————————————————————————————————————————————————————————————



//The selection in discrete space.



//Modes:



//1-nearest to the bottom



//2-nearest to the top



//any-to the nearest



double SelectInDiscreteSpace



(



double In,



double InMin,



double InMax,



double step,



int    RoundMode



)



{



  if (step==0.0)



    return(In);



  // provide the correctness of borders



  if ( InMax < InMin )



  {



    double temp = InMax; InMax = InMin; InMin = temp;



  }



  // return the broken border if it is broken



  if ( In < InMin ) return( InMin );



  if ( In > InMax ) return( InMax );



  if ( InMax == InMin || step <= 0.0 ) return( InMin );



  // cast to the specified scale



  step = (InMax - InMin) / MathCeil ( (InMax - InMin) / step );



  switch ( RoundMode )



  {



  case 1:  return( InMin + step * MathFloor ( ( In - InMin ) / step ) );



  case 2:  return( InMin + step * MathCeil  ( ( In - InMin ) / step ) );



  default: return( InMin + step * MathRound ( ( In - InMin ) / step ) );



  }



}



//———————————————————————————————————————————————————————————————————————



To use the library UGAlib, you should write two functions FitnessFunction and ServiceFunction.



The FitnessFunction function takes an index of chromosomes and calculates the value for it, in which the optimization of chromosome genes is done.



The ServiceFunction function can output a value of the fitness function and the rest of the genes of the reference chromosome in each optimization pass.



As an example, let’s consider the optimization of the parameters of the indicator created in the chapter &quot;Creating an indicator based on expert signal modules&quot;.



Let’s modify the indicator’s code so to calculate virtual deals to buy and sale a financial instrument with indicator signals.



#property indicator_chart_window





#include <Expert\ExpertInd.mqh>



#include <Expert\Signal\MySignal\SignalMACDExInd.mqh>



#include <Expert\Signal\MySignal\SignalMAExInd.mqh>



 



#property indicator_buffers 2



#property indicator_plots   1



#property indicator_type1    DRAW_COLOR_LINE



#property indicator_color1  clrBlack,clrRed,clrLawnGreen



#property indicator_style1  STYLE_SOLID



#property indicator_width1  2



 



double         InBuffer[];



double         ColorBuffer[];



int    bars_calculated=0;



 



input int                Signal_ThresholdOpen          =20;          // Signal threshold value to open [0...100]



input int                Signal_ThresholdClose         =20;          // Signal threshold value to close [0...100]



 



input int                Signal_MACD_PeriodFast        =12;          // MACD(12,24,9,PRICE_CLOSE) Period of fast EMA



input int                Signal_MACD_PeriodSlow        =24;          // MACD(12,24,9,PRICE_CLOSE) Period of slow EMA



input int                Signal_MACD_PeriodSignal      =9;           // MACD(12,24,9,PRICE_CLOSE) Period of averaging of difference



input ENUM_APPLIED_PRICE Signal_MACD_Applied           =PRICE_CLOSE; // MACD(12,24,9,PRICE_CLOSE) Prices series



input double             Signal_MACD_Weight            =1.0;         // MACD(12,24,9,PRICE_CLOSE) Weight [0...1.0]



input int                Signal_MA_PeriodMA            =12;          // Moving Average(12,0,...) Period of averaging



input int                Signal_MA_Shift               =0;           // Moving Average(12,0,...) Time shift



input ENUM_MA_METHOD     Signal_MA_Method              =MODE_SMA;    // Moving Average(12,0,...) Method of averaging



input ENUM_APPLIED_PRICE Signal_MA_Applied             =PRICE_CLOSE; // Moving Average(12,0,...) Prices series



input double             Signal_MA_Weight              =1.0;         // Moving Average(12,0,...) Weight [0...1.0]



 



CExpertInd ExtExpert;



CSignalMAInd *filter0 = new CSignalMAInd;



CSignalMACDInd *filter1 = new CSignalMACDInd;



 



//+------------------------------------------------------------------+



//| Custom indicator initialization function                         |



//+------------------------------------------------------------------+



int OnInit()



  {



 



//--- Initializing expert



if(!ExtExpert.Init(Symbol(),Period(),true,100))



     {



      //--- failed



      printf(__FUNCTION__+&quot;: error initializing expert&quot;);



      ExtExpert.Deinit();



      return(INIT_FAILED);



     }



//--- Creating signal



   CExpertSignal *signal=new CExpertSignal;



   if(signal==NULL)



     {



      //--- failed



      printf(__FUNCTION__+&quot;: error creating signal&quot;);



      ExtExpert.Deinit();



      return(INIT_FAILED);



     }



//---



   ExtExpert.InitSignal(signal); 



 



filter0.PeriodMA(Signal_MA_PeriodMA);



filter0.Shift(Signal_MA_Shift);



filter0.Method(Signal_MA_Method);



filter0.Applied(Signal_MA_Applied);



 



filter1.PeriodFast(Signal_MACD_PeriodFast);



filter1.PeriodSlow(Signal_MACD_PeriodSlow);



filter1.PeriodSignal(Signal_MACD_PeriodSignal);



filter1.Applied(Signal_MACD_Applied);



 



signal.AddFilter(filter0);



signal.AddFilter(filter1);



if(!ExtExpert.ValidationSettings())



     {



      //--- failed



      ExtExpert.Deinit();



      return(INIT_FAILED);



     }



//--- Tuning of all necessary indicators



   if(!ExtExpert.InitIndicators())



     {



      //--- failed



      printf(__FUNCTION__+&quot;: error initializing indicators&quot;);



      ExtExpert.Deinit();



      return(INIT_FAILED);



     }



//--- ok



   //--- indicator buffers mapping



   SetIndexBuffer(0,InBuffer,INDICATOR_DATA);



   SetIndexBuffer(1,ColorBuffer,INDICATOR_COLOR_INDEX);



 



ArraySetAsSeries(InBuffer,true);  



ArraySetAsSeries(ColorBuffer,true);



 



 



//---



   return(INIT_SUCCEEDED);



  }



//+------------------------------------------------------------------+



//| Custom indicator iteration function                              |



//+------------------------------------------------------------------+



int OnCalculate(const int rates_total,



                const int prev_calculated,



                const datetime &time[],



                const double &open[],



                const double &high[],



                const double &low[],



                const double &close[],



                const long &tick_volume[],



                const long &volume[],



                const int &spread[])



  {



   int values_to_copy;



int calculated=MathMin(filter0.BarsCalculatedInd(), filter1.BarsCalculatedInd());



   if(calculated<=0)



     {



      PrintFormat(&quot;BarsCalculated() returns %d, error code %d&quot;,calculated,GetLastError());



      return(0);



     }



 



   if(prev_calculated==0 || calculated!=bars_calculated || rates_total>prev_calculated+1)



     {



 



      if(calculated>rates_total) values_to_copy=rates_total;



      else                       values_to_copy=calculated;



     }



   else



     {



 



      values_to_copy=(rates_total-prev_calculated)+1;



     }



 



bars_calculated=calculated;



 



ArraySetAsSeries(open,true);



 



if(values_to_copy>1)



{



 



ExtExpert.RefreshInd();



 



bool flagBuy=false;



bool flagSell=false;



double priceBuy=0;



double priceStopBuy=0;



double profitBuy=0;



double profitTotalBuy=0;



int countProfitBuyPlus=0;



int countProfitBuyMinus=0;



double priceSell=0;



double priceStopSell=0;



double profitSell=0;



double profitTotalSell=0;



int countProfitSellPlus=0;



int countProfitSellMinus=0;



double sp=0.0002;



 



for (int i=0; i<values_to_copy; i++){



 



ColorBuffer[i]=0;



InBuffer[i]=open[i];



 



double result0=Signal_MA_Weight*(filter0.LongConditionInd(i)-filter0.ShortConditionInd(i));



double result1=Signal_MACD_Weight*(filter1.LongConditionInd(i)-filter1.ShortConditionInd(i));



double result=(result0+result1)/2;



 



if(result>=Signal_ThresholdOpen)



     {



ColorBuffer[i]=2; 



  if(flagSell==true){



flagSell=false;



priceStopSell=InBuffer[i];



profitSell=(priceStopSell-priceSell-sp)*10000;



if(profitSell>0){countProfitSellPlus++;}else{countProfitSellMinus++;}



profitTotalSell=profitTotalSell+profitSell;



}



if(flagBuy==false){



flagBuy=true;



priceBuy=InBuffer[i];



}  



     }



 



if(-result>=Signal_ThresholdOpen){



ColorBuffer[i]=1;



if(flagBuy==true){



flagBuy=false;



priceStopBuy=InBuffer[i];



profitBuy=(priceStopBuy-priceBuy-sp)*10000;



if(profitBuy>0){countProfitBuyPlus++;}else{countProfitBuyMinus++;}



profitTotalBuy=profitTotalBuy+profitBuy;



}



if(flagSell==false){



priceSell=InBuffer[i];



flagSell=true;



}



}



}



//Print(&quot; ProfitBuy &quot;, profitTotalBuy,&quot; countProfitBuyPlus &quot;,countProfitBuyPlus,&quot; countProfitBuyMinus &quot;,countProfitBuyMinus);



//Print(&quot; ProfitSell &quot;, profitTotalSell,&quot; countProfitSellPlus &quot;,countProfitSellPlus,&quot; countProfitSellMinus &quot;,countProfitSellMinus);



 



}



//--- return value of prev_calculated for next call



   return(rates_total);



  }



//+------------------------------------------------------------------+



Let’s write a fitness function based on this indicator. We will optimize weights of the signals MA and MACD to get a maximum profit.



void FitnessFunction(int chromos)



{



 



double _MACD_Weight=0.0;



double _MA_Weight=0.0;



double sum=0.0;



int    cnt=1;



 



while (cnt<=GeneCount)



  {



    _MACD_Weight=Colony[cnt][chromos];



    cnt++;



    _MA_Weight=Colony[cnt][chromos];



    cnt++;



 



int handleInd;



double BufferInd[];



double BufferColorInd[];



 



 



handleInd=iCustom(NULL,0,&quot;MAMACDExInd&quot;,



Signal_ThresholdOpen,



Signal_ThresholdClose,



Signal_MACD_PeriodFast,



Signal_MACD_PeriodSlow,



Signal_MACD_PeriodSignal,



Signal_MACD_Applied,



_MACD_Weight,



Signal_MA_PeriodMA,



Signal_MA_Shift,



Signal_MA_Method,



Signal_MA_Applied,



_MA_Weight



);



 



ResetLastError();



 



int size=5000;



 



if(CopyBuffer(handleInd,0,0,size,BufferInd)<0)



     {



      PrintFormat(&quot;Error code %d&quot;,GetLastError());



 



     }



 



if(CopyBuffer(handleInd,1,0,size,BufferColorInd)<0)



     {



      PrintFormat(&quot;Error code %d&quot;,GetLastError());



 



     }



ArraySetAsSeries(BufferInd,true); 



ArraySetAsSeries(BufferColorInd,true); 



 



bool flagBuy=false;



bool flagSell=false;



double priceBuy=0;



double priceStopBuy=0;



double profitBuy=0;



double profitTotalBuy=0;



int countProfitBuyPlus=0;



int countProfitBuyMinus=0;



double priceSell=0;



double priceStopSell=0;



double profitSell=0;



double profitTotalSell=0;



int countProfitSellPlus=0;



int countProfitSellMinus=0;



double sp=0.0002;



 



for (int i=0; i<size; i++){



 



if(BufferColorInd[i]==2)



     {



if(flagSell==true){



flagSell=false;



priceStopSell=BufferInd[i];



profitSell=(priceStopSell-priceSell-sp)*10000;



if(profitSell>0){countProfitSellPlus++;}else{countProfitSellMinus++;}



profitTotalSell=profitTotalSell+profitSell;



}



if(flagBuy==false){



flagBuy=true;



priceBuy=BufferInd[i];



}



     }



 



if(BufferColorInd[i]==1){



if(flagBuy==true){



flagBuy=false;



priceStopBuy=BufferInd[i];



profitBuy=(priceStopBuy-priceBuy-sp)*10000;



if(profitBuy>0){countProfitBuyPlus++;}else{countProfitBuyMinus++;}



profitTotalBuy=profitTotalBuy+profitBuy;



}



if(flagSell==false){



priceSell=BufferInd[i];



flagSell=true;



}



}



}



//Print(&quot; ProfitBuy &quot;, profitTotalBuy,&quot; countProfitBuyPlus &quot;,countProfitBuyPlus,&quot; countProfitBuyMinus &quot;,countProfitBuyMinus);



//Print(&quot; ProfitSell &quot;, profitTotalSell,&quot; countProfitSellPlus &quot;,countProfitSellPlus,&quot; countProfitSellMinus &quot;,countProfitSellMinus);



 



sum = profitTotalBuy + profitTotalSell;



  }



  AmountStartsFF++;



  Colony[0][chromos]=sum;



}



 



void ServiceFunction()



{



 



double _MACD_Weight=0.0;



double _MA_Weight=0.0;



int    cnt=1;



 



    while (cnt<=GeneCount)



    {



      _MACD_Weight=Chromosome[cnt];



      cnt++;



      _MA_Weight=Chromosome[cnt];



      cnt++;



    }



Print(&quot;Fitness func =&quot;,Chromosome[0],&quot;\n&quot;,



            &quot;The resulting argument values:&quot;,&quot;\n&quot;,



            &quot;_MACD_Weight =&quot;,Chromosome[1],&quot;\n&quot;,



            &quot;_MA_Weight =&quot;,Chromosome[2],&quot;\n&quot;



            );



 



}



//———————————————————————————————————————————————————————————————————



Let's write a script which will optimize indicator parameters using the genetic algorithm.



#include <Fitness\MAMACDFitness.mqh>



#include <Fitness\UGAlib.mqh>



 



double ReplicationPortion_E  = 100.0;



double NMutationPortion_E    = 10.0; 



double ArtificialMutation_E  = 10.0; 



double GenoMergingPortion_E  = 20.0; 



double CrossingOverPortion_E = 20.0; 



//---



double ReplicationOffset_E   = 0.5;  



double NMutationProbability_E= 5.0;  



 



//--- inputs for main signal



input int                Signal_ThresholdOpen    =20;           // Signal threshold value to open [0...100]



input int                Signal_ThresholdClose   =20;           // Signal threshold value to close [0...100]



input double             Signal_PriceLevel       =0.0;          // Price level to execute a deal



input double             Signal_StopLevel        =50.0;         // Stop Loss level (in points)



input double             Signal_TakeLevel        =50.0;         // Take Profit level (in points)



input int                Signal_Expiration       =4;            // Expiration of pending orders (in bars)



input int                Signal_MA_PeriodMA      =12;           // Moving Average(12,0,...) Period of averaging



input int                Signal_MA_Shift         =0;            // Moving Average(12,0,...) Time shift



input ENUM_MA_METHOD     Signal_MA_Method        =MODE_SMA;     // Moving Average(12,0,...) Method of averaging



input ENUM_APPLIED_PRICE Signal_MA_Applied       =PRICE_CLOSE;  // Moving Average(12,0,...) Prices series



input double             Signal_MA_Weight        =1.0;          // Moving Average(12,0,...) Weight [0...1.0]



input int                Signal_MACD_PeriodFast  =12;           // MACD(12,24,9,PRICE_CLOSE) Period of fast EMA



input int                Signal_MACD_PeriodSlow  =24;           // MACD(12,24,9,PRICE_CLOSE) Period of slow EMA



input int                Signal_MACD_PeriodSignal=9;            // MACD(12,24,9,PRICE_CLOSE) Period of averaging of difference



input ENUM_APPLIED_PRICE Signal_MACD_Applied     =PRICE_CLOSE;  // MACD(12,24,9,PRICE_CLOSE) Prices series



input double             Signal_MACD_Weight      =1.0;          // MACD(12,24,9,PRICE_CLOSE) Weight [0...1.0]



 



//+------------------------------------------------------------------+



//| Script program start function                                    |



//+------------------------------------------------------------------+



void OnStart()



  {



//---



ChromosomeCount     = 10;   



GeneCount           = 2;    



Epoch               = 50;   



//---



RangeMinimum        = 0.0; 



RangeMaximum        = 1.0; 



Precision           = 0.1;



OptimizeMethod      = 2; 



ArrayResize(Chromosome,GeneCount+1);



ArrayInitialize(Chromosome,0);  



 



   int time_start=(int)GetTickCount(),time_end=0;



  //---------------------------------------------------------------------



 



  UGA



  (



  ReplicationPortion_E,



  NMutationPortion_E,  



  ArtificialMutation_E,



  GenoMergingPortion_E,



  CrossingOverPortion_E,



  //---



  ReplicationOffset_E, 



  NMutationProbability_E



  );



  //----------------------------------



  time_end=(int)GetTickCount();



  //----------------------------------



  Print(time_end-time_start);



  //----------------------------------



 



  }



//+------------------------------------------------------------------+



When running the script, we get the following result:



Fitness func =402.2999999999981



_MACD_Weight =0.1



_MA_Weight =0.4
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The used indicator is based on the use of the classes CiMA and CiMACD, having problems with the depth of history, so the size parameter in the fitness function can not be large.



Let’s rewrite the indicator using a low-level interface.



#property indicator_chart_window



 



#include <Expert\ExpertInd.mqh>



#include <Expert\Signal\MySignal\SignalMACDInd.mqh>



#include <Expert\Signal\MySignal\SignalMAInd.mqh>



 



#property indicator_buffers 2



#property indicator_plots   1



#property indicator_type1    DRAW_COLOR_LINE



#property indicator_color1  clrBlack,clrRed,clrLawnGreen



#property indicator_style1  STYLE_SOLID



#property indicator_width1  2



 



double         InBuffer[];



double         ColorBuffer[];



int    bars_calculated=0;



 



input int                Signal_ThresholdOpen          =20;          // Signal threshold value to open [0...100]



input int                Signal_ThresholdClose         =20;          // Signal threshold value to close [0...100]



 



input int                Signal_MACD_PeriodFast        =12;          // MACD(12,24,9,PRICE_CLOSE) Period of fast EMA



input int                Signal_MACD_PeriodSlow        =24;          // MACD(12,24,9,PRICE_CLOSE) Period of slow EMA



input int                Signal_MACD_PeriodSignal      =9;           // MACD(12,24,9,PRICE_CLOSE) Period of averaging of difference



input ENUM_APPLIED_PRICE Signal_MACD_Applied           =PRICE_CLOSE; // MACD(12,24,9,PRICE_CLOSE) Prices series



input double             Signal_MACD_Weight            =1.0;         // MACD(12,24,9,PRICE_CLOSE) Weight [0...1.0]



input int                Signal_MA_PeriodMA            =12;          // Moving Average(12,0,...) Period of averaging



input int                Signal_MA_Shift               =0;           // Moving Average(12,0,...) Time shift



input ENUM_MA_METHOD     Signal_MA_Method              =MODE_SMA;    // Moving Average(12,0,...) Method of averaging



input ENUM_APPLIED_PRICE Signal_MA_Applied             =PRICE_CLOSE; // Moving Average(12,0,...) Prices series



input double             Signal_MA_Weight              =1.0;         // Moving Average(12,0,...) Weight [0...1.0]



 



CExpertInd ExtExpert;



CSignalMAInd *filter0 = new CSignalMAInd;



CSignalMACDInd *filter1 = new CSignalMACDInd;



 



//+------------------------------------------------------------------+



//| Custom indicator initialization function                         |



//+------------------------------------------------------------------+



int OnInit()



  {



 



//--- Initializing expert



if(!ExtExpert.Init(Symbol(),Period(),true,100))



     {



      //--- failed



      printf(__FUNCTION__+&quot;: error initializing expert&quot;);



      ExtExpert.Deinit();



      return(INIT_FAILED);



     }



//--- Creating signal



   CExpertSignal *signal=new CExpertSignal;



   if(signal==NULL)



     {



      //--- failed



      printf(__FUNCTION__+&quot;: error creating signal&quot;);



      ExtExpert.Deinit();



      return(INIT_FAILED);



     }



//---



   ExtExpert.InitSignal(signal); 



 



filter0.PeriodMA(Signal_MA_PeriodMA);



filter0.Shift(Signal_MA_Shift);



filter0.Method(Signal_MA_Method);



filter0.Applied(Signal_MA_Applied);



 



filter1.PeriodFast(Signal_MACD_PeriodFast);



filter1.PeriodSlow(Signal_MACD_PeriodSlow);



filter1.PeriodSignal(Signal_MACD_PeriodSignal);



filter1.Applied(Signal_MACD_Applied);



 



signal.AddFilter(filter0);



signal.AddFilter(filter1);



if(!ExtExpert.ValidationSettings())



     {



      //--- failed



      ExtExpert.Deinit();



      return(INIT_FAILED);



     }



//--- Tuning of all necessary indicators



   if(!ExtExpert.InitIndicators())



     {



      //--- failed



      printf(__FUNCTION__+&quot;: error initializing indicators&quot;);



      ExtExpert.Deinit();



      return(INIT_FAILED);



     }



//--- ok



   //--- indicator buffers mapping



   SetIndexBuffer(0,InBuffer,INDICATOR_DATA);



   SetIndexBuffer(1,ColorBuffer,INDICATOR_COLOR_INDEX);



 



ArraySetAsSeries(InBuffer,true);  



ArraySetAsSeries(ColorBuffer,true);



 



//---



   return(INIT_SUCCEEDED);



  }



//+------------------------------------------------------------------+



//| Custom indicator iteration function                              |



//+------------------------------------------------------------------+



int OnCalculate(const int rates_total,



                const int prev_calculated,



                const datetime &time[],



                const double &open[],



                const double &high[],



                const double &low[],



                const double &close[],



                const long &tick_volume[],



                const long &volume[],



                const int &spread[])



  {



   int values_to_copy;



int calculated=MathMin(filter0.BarsCalculatedInd(), filter1.BarsCalculatedInd());



   if(calculated<=0)



     {



      PrintFormat(&quot;BarsCalculated() returns %d, error code %d&quot;,calculated,GetLastError());



      return(0);



     }



   if(prev_calculated==0 || calculated!=bars_calculated || rates_total>prev_calculated+1)



     {



      if(calculated>rates_total) values_to_copy=rates_total;



      else                       values_to_copy=calculated;



     }



   else



     {



 



      values_to_copy=(rates_total-prev_calculated)+1;



     }



 



bars_calculated=calculated;



 



ArraySetAsSeries(open,true);



ArraySetAsSeries(close,true);



ArraySetAsSeries(low,true);



ArraySetAsSeries(high,true);



 



double _low[];



ArrayCopy(_low,low);



double _high[];



ArrayCopy(_high,high);



 



ArraySetAsSeries(_low,true);



ArraySetAsSeries(_high,true);



 



if(values_to_copy>1)



{



 



ExtExpert.RefreshInd();



 



bool flagBuy=false;



bool flagSell=false;



double priceBuy=0;



double priceStopBuy=0;



double profitBuy=0;



double profitTotalBuy=0;



int countProfitBuyPlus=0;



int countProfitBuyMinus=0;



double priceSell=0;



double priceStopSell=0;



double profitSell=0;



double profitTotalSell=0;



int countProfitSellPlus=0;



int countProfitSellMinus=0;



double sp=0.0002;



 



for (int i=0; i<(values_to_copy-2); i++){



 



ColorBuffer[i]=0;



InBuffer[i]=open[i];



 



double result0=Signal_MA_Weight*(filter0.LongConditionInd(i, values_to_copy, close[i], open[i], low[i])-filter0.ShortConditionInd(i, values_to_copy, close[i], open[i], high[i]));



double result1=Signal_MACD_Weight*(filter1.LongConditionInd(i, values_to_copy, _low, _high)-filter1.ShortConditionInd(i, values_to_copy, _low, _high));



double result=(result0+result1)/2;



 



if(result>=Signal_ThresholdOpen)



     {



ColorBuffer[i]=2;



if(flagSell==true){



flagSell=false;



priceStopSell=InBuffer[i];



profitSell=(priceStopSell-priceSell-sp)*10000;



if(profitSell>0){countProfitSellPlus++;}else{countProfitSellMinus++;}



profitTotalSell=profitTotalSell+profitSell;



}



if(flagBuy==false){



flagBuy=true;



priceBuy=InBuffer[i];



} 



     }



 



if(-result>=Signal_ThresholdOpen){



ColorBuffer[i]=1;



if(flagBuy==true){



flagBuy=false;



priceStopBuy=InBuffer[i];



profitBuy=(priceStopBuy-priceBuy-sp)*10000;



if(profitBuy>0){countProfitBuyPlus++;}else{countProfitBuyMinus++;}



profitTotalBuy=profitTotalBuy+profitBuy;



}



if(flagSell==false){



priceSell=InBuffer[i];



flagSell=true;



}



}



 



}



 



//Print(&quot; ProfitBuy &quot;, profitTotalBuy,&quot; countProfitBuyPlus &quot;,countProfitBuyPlus,&quot; countProfitBuyMinus &quot;,countProfitBuyMinus);



//Print(&quot; ProfitSell &quot;, profitTotalSell,&quot; countProfitSellPlus &quot;,countProfitSellPlus,&quot; countProfitSellMinus &quot;,countProfitSellMinus);



 



}



//--- return value of prev_calculated for next call



   return(rates_total);



  }



//+------------------------------------------------------------------+



#include <Expert\Signal\SignalMA.mqh>



class CSignalMAInd : public CSignalMA



  {



  public:



  virtual int       BarsCalculatedInd();



  virtual int       LongConditionInd(int ind, int amount, double close, double open, double low);



  virtual int       ShortConditionInd(int ind, int amount, double close, double open, double high);                 



  };



 



//+------------------------------------------------------------------+



//| Refresh indicators.                                               |



//+------------------------------------------------------------------+ 



int CSignalMAInd:: BarsCalculatedInd(){



m_ma.Refresh();



int bars = m_ma.BarsCalculated();



return bars;



}



//+------------------------------------------------------------------+



//| &quot;Voting&quot; that price will grow.                                   |



//+------------------------------------------------------------------+



int CSignalMAInd::LongConditionInd(int idx, int amount, double close, double open, double low)



  {



  int handle=m_ma.Handle();



  double         iMABuffer[];



   if(CopyBuffer(handle,0,0,amount,iMABuffer)<0)



     {



      PrintFormat(&quot;Error code %d&quot;,GetLastError());



      return(-1);



     }



   ArraySetAsSeries(iMABuffer,true);



 



   int result=0;



 



   double DiffCloseMA = close - iMABuffer[idx];



   double DiffOpenMA = open - iMABuffer[idx];



   double DiffMA = iMABuffer[idx] - iMABuffer[idx+1];



   double DiffLowMA = low - iMABuffer[idx];



//--- analyze positional relationship of the close price and the indicator at the first analyzed bar



   if(DiffCloseMA<0.0)



     {



      //--- the close price is below the indicator



      if(IS_PATTERN_USAGE(1) && DiffOpenMA>0.0 && DiffMA>0.0)



        {



         //--- the open price is above the indicator (i.e. there was an intersection), but the indicator is directed upwards



         result=m_pattern_1;



         //--- consider that this is an unformed &quot;piercing&quot; and suggest to enter the market at the current price



         m_base_price=0.0;



        }



     }



   else



     {



      //--- the close price is above the indicator (the indicator has no objections to buying)



      if(IS_PATTERN_USAGE(0))



         result=m_pattern_0;



      //--- if the indicator is directed upwards



      if(DiffMA>0.0)



        {



         if(DiffOpenMA<0.0)



           {



            //--- if the model 2 is used



            if(IS_PATTERN_USAGE(2))



              {



               //--- the open price is below the indicator (i.e. there was an intersection)



               result=m_pattern_2;



               //--- suggest to enter the market at the &quot;roll back&quot;



               m_base_price=m_symbol.NormalizePrice(iMABuffer[idx]);



              }



           }



         else



           {



            //--- if the model 3 is used and the open price is above the indicator



            if(IS_PATTERN_USAGE(3) && DiffLowMA<0.0)



              {



               //--- the low price is below the indicator



               result=m_pattern_3;



               //--- consider that this is a formed &quot;piercing&quot; and suggest to enter the market at the current price



               m_base_price=0.0;



              }



           }



        }



     }



//--- return the result



   return(result);



  }



//+------------------------------------------------------------------+



//| &quot;Voting&quot; that price will fall.                                   |



//+------------------------------------------------------------------+



int CSignalMAInd::ShortConditionInd(int idx, int amount, double close, double open, double high)



  {



  int handle=m_ma.Handle();



  double         iMABuffer[];



   if(CopyBuffer(handle,0,0,amount,iMABuffer)<0)



     {



      PrintFormat(&quot;Error code %d&quot;,GetLastError());



            return(-1);



     }



   ArraySetAsSeries(iMABuffer,true); 



 



   int result=0;



 



   double DiffCloseMA = close - iMABuffer[idx];



   double DiffOpenMA = open - iMABuffer[idx];



   double DiffMA = iMABuffer[idx] - iMABuffer[idx+1];



   double DiffHighMA = high - iMABuffer[idx];



 



//--- analyze positional relationship of the close price and the indicator at the first analyzed bar



   if(DiffCloseMA>0.0)



     {



      //--- the close price is above the indicator



      if(IS_PATTERN_USAGE(1) && DiffOpenMA<0.0 && DiffMA<0.0)



        {



         //--- the open price is below the indicator (i.e. there was an intersection), but the indicator is directed downwards



         result=m_pattern_1;



         //--- consider that this is an unformed &quot;piercing&quot; and suggest to enter the market at the current price



         m_base_price=0.0;



        }



     }



   else



     {



      //--- the close price is below the indicator (the indicator has no objections to buying)



      if(IS_PATTERN_USAGE(0))



         result=m_pattern_0;



      //--- the indicator is directed downwards



      if(DiffMA<0.0)



        {



         if(DiffOpenMA>0.0)



           {



            //--- if the model 2 is used



            if(IS_PATTERN_USAGE(2))



              {



               //--- the open price is above the indicator (i.e. there was an intersection)



               result=m_pattern_2;



               //--- suggest to enter the market at the &quot;roll back&quot;



               m_base_price=m_symbol.NormalizePrice(iMABuffer[idx]);



              }



           }



         else



           {



            //--- if the model 3 is used and the open price is below the indicator



            if(IS_PATTERN_USAGE(3) && DiffHighMA>0.0)



              {



               //--- the high price is above the indicator



               result=m_pattern_3;



               //--- consider that this is a formed &quot;piercing&quot; and suggest to enter the market at the current price



               m_base_price=0.0;



              }



           }



        }



     }



//--- return the result



   return(result);



  }



//+------------------------------------------------------------------+



#include <Expert\Signal\SignalMACD.mqh>



 



class CSignalMACDInd : public CSignalMACD



  {



  public:



  virtual int       BarsCalculatedInd();                 



  virtual int       LongConditionInd(int ind, int amount, double &low[], double &high[]);



  virtual int       ShortConditionInd(int ind, int amount, double &low[], double &high[]);



  protected:



  int               StateMain(int ind,double &Main[]);



  bool              ExtState(int ind, double &Main[], double &low[], double &high[]);



  };



//+------------------------------------------------------------------+



//| Refresh indicators.                                               |



//+------------------------------------------------------------------+ 



int CSignalMACDInd:: BarsCalculatedInd(){



m_MACD.Refresh();



int bars = m_MACD.BarsCalculated();



return bars;



}



 



//+------------------------------------------------------------------+



//| &quot;Voting&quot; that price will grow.                                   |



//+------------------------------------------------------------------+



int CSignalMACDInd::LongConditionInd(int idx, int amount, double &low[], double &high[])



  {



 



int handle=m_MACD.Handle();



double         MACDBuffer[];



double         SignalBuffer[]; 



   if(CopyBuffer(handle,0,0,amount,MACDBuffer)<0)



     {



      PrintFormat(&quot;Error code %d&quot;,GetLastError());



            return(-1);



     }



     if(CopyBuffer(handle,1,0,amount,SignalBuffer)<0)



     {



      PrintFormat(&quot;Error code %d&quot;,GetLastError());



            return(-1);



     } 



   ArraySetAsSeries(MACDBuffer,true);



   ArraySetAsSeries(SignalBuffer,true);



   int result=0;



 



   double DiffMain = MACDBuffer[idx]-MACDBuffer[idx+1];



   double DiffMain_1 = MACDBuffer[idx+1]-MACDBuffer[idx+2];



   double State = MACDBuffer[idx]- SignalBuffer[idx];



   double State_1 = MACDBuffer[idx+1]- SignalBuffer[idx+1];



 



//--- check direction of the main line



   if(DiffMain>0.0)



     {



      //--- the main line is directed upwards, and it confirms the possibility of price growth



      if(IS_PATTERN_USAGE(0))



         result=m_pattern_0;      // &quot;confirming&quot; signal number 0



      //--- if the model 1 is used, look for a reverse of the main line



      if(IS_PATTERN_USAGE(1) && DiffMain_1<0.0)



         result=m_pattern_1;      // signal number 1



      //--- if the model 2 is used, look for an intersection of the main and signal line



      if(IS_PATTERN_USAGE(2) && State>0.0 && State_1<0.0)



         result=m_pattern_2;      // signal number 2



      //--- if the model 3 is used, look for an intersection of the main line and the zero level



      if(IS_PATTERN_USAGE(3) && MACDBuffer[idx]>0.0 && MACDBuffer[idx+1]<0.0)



         result=m_pattern_3;      // signal number 3



      //--- if the models 4 or 5 are used and the main line turned upwards below the zero level, look for divergences



      if((IS_PATTERN_USAGE(4) || IS_PATTERN_USAGE(5)) && MACDBuffer[idx]<0.0)



        {



         //--- perform the extended analysis of the oscillator state



         ExtState(idx, MACDBuffer, low, high);



         //--- if the model 4 is used, look for the &quot;divergence&quot; signal



         if(IS_PATTERN_USAGE(4) && CompareMaps(1,1)) // 0000 0001b



            result=m_pattern_4;   // signal number 4



         //--- if the model 5 is used, look for the &quot;double divergence&quot; signal



         if(IS_PATTERN_USAGE(5) && CompareMaps(0x11,2)) // 0001 0001b



            return(m_pattern_5);  // signal number 5



        }



     }



//--- return the result



   return(result);



  }



//+------------------------------------------------------------------+



//| &quot;Voting&quot; that price will fall.                                   |



//+------------------------------------------------------------------+



int CSignalMACDInd::ShortConditionInd(int idx, int amount, double &low[], double &high[])



  {



   int handle=m_MACD.Handle();



double         MACDBuffer[];



double         SignalBuffer[]; 



   if(CopyBuffer(handle,0,0,amount,MACDBuffer)<0)



     {



      PrintFormat(&quot;Error code %d&quot;,GetLastError());



      return(-1);



     }



     if(CopyBuffer(handle,1,0,amount,SignalBuffer)<0)



     {



      PrintFormat(&quot;Error code %d&quot;,GetLastError());



      return(-1);



     } 



   ArraySetAsSeries(MACDBuffer,true);



   ArraySetAsSeries(SignalBuffer,true);



   int result=0;



 



   double DiffMain = MACDBuffer[idx]-MACDBuffer[idx+1];



   double DiffMain_1 = MACDBuffer[idx+1]-MACDBuffer[idx+2];



   double State = MACDBuffer[idx]- SignalBuffer[idx];



   double State_1 = MACDBuffer[idx+1]- SignalBuffer[idx+1];



 



//--- check direction of the main line



   if(DiffMain<0.0)



     {



      //--- main line is directed downwards, confirming a possibility of falling of price



      if(IS_PATTERN_USAGE(0))



         result=m_pattern_0;      // &quot;confirming&quot; signal number 0



      //--- if the model 1 is used, look for a reverse of the main line



      if(IS_PATTERN_USAGE(1) && DiffMain_1>0.0)



         result=m_pattern_1;      // signal number 1



      //--- if the model 2 is used, look for an intersection of the main and signal line



      if(IS_PATTERN_USAGE(2) && State<0.0 && State_1>0.0)



         result=m_pattern_2;      // signal number 2



      //--- if the model 3 is used, look for an intersection of the main line and the zero level



      if(IS_PATTERN_USAGE(3) && MACDBuffer[idx]<0.0 && MACDBuffer[idx+1]>0.0)



         result=m_pattern_3;      // signal number 3



      //--- if the models 4 or 5 are used and the main line turned downwards above the zero level, look for divergences



      if((IS_PATTERN_USAGE(4) || IS_PATTERN_USAGE(5)) && MACDBuffer[idx]>0.0)



        {



         //--- perform the extended analysis of the oscillator state



         ExtState(idx, MACDBuffer, low, high);



         //--- if the model 4 is used, look for the &quot;divergence&quot; signal



         if(IS_PATTERN_USAGE(4) && CompareMaps(1,1)) // 0000 0001b



            result=m_pattern_4;   // signal number 4



         //--- if the model 5 is used, look for the &quot;double divergence&quot; signal



         if(IS_PATTERN_USAGE(5) && CompareMaps(0x11,2)) // 0001 0001b



            return(m_pattern_5);  // signal number 5



        }



     }



//--- return the result



   return(result);



  }



//+------------------------------------------------------------------+ 



//+------------------------------------------------------------------+



//| Check of the oscillator state.                                   |



//+------------------------------------------------------------------+



int CSignalMACDInd::StateMain(int ind, double &Main[])



  {



   int    res=0;



   double var;



//---



   for(int i=ind;;i++)



     {



      if(Main[i+1]==EMPTY_VALUE)



         break;



      var=(Main[i]-Main[i+1]);



      if(res>0)



        {



         if(var<0)



            break;



         res++;



         continue;



        }



      if(res<0)



        {



         if(var>0)



            break;



         res--;



         continue;



        }



      if(var>0)



         res++;



      if(var<0)



         res--;



     }



//---



   return(res);



  }



//+------------------------------------------------------------------+



//| Extended check of the oscillator state consists                  |



//| in forming a bit-map according to certain rules,                 |



//| which shows ratios of extremums of the oscillator and price.     |



//+------------------------------------------------------------------+



bool CSignalMACDInd::ExtState(int ind, double &Main[], double &low[], double &high[])



  {



//--- operation of this method results in a bit-map of extremums



//--- practically, the bit-map of extremums is an &quot;array&quot; of 4-bit fields



//--- each &quot;element of the array&quot; definitely describes the ratio



//--- of current extremums of the oscillator and the price with previous ones



//--- purpose of bits of an element of the analyzed bit-map



//--- bit 3 - not used (always 0)



//--- bit 2 - is equal to 1 if the current extremum of the oscillator is &quot;more extreme&quot; than the previous one



//---         (a higher peak or a deeper valley), otherwise - 0



//--- bit 1 - not used (always 0)



//--- bit 0 - is equal to 1 if the current extremum of price is &quot;more extreme&quot; than the previous one



//---         (a higher peak or a deeper valley), otherwise - 0



//--- in addition to them, the following is formed:



//--- array of values of extremums of the oscillator,



//--- array of values of price extremums and



//--- array of &quot;distances&quot; between extremums of the oscillator (in bars)



//--- it should be noted that when using the results of the extended check of state,



//--- you should consider, which extremum of the oscillator (peak or valley)



//--- is the &quot;reference point&quot; (i.e. was detected first during the analysis)



//--- if a peak is detected first then even elements of all arrays



//--- will contain information about peaks, and odd elements will contain information about valleys



//--- if a valley is detected first, then respectively in reverse



   int    pos=ind,off,index;



   uint   map;                 // intermediate bit-map for one extremum



//---



   m_extr_map=0;



   for(int i=0;i<10;i++)



     {



      off=StateMain(pos, Main);



      if(off>0)



        {



         //--- minimum of the oscillator is detected



         pos+=off;



         m_extr_pos[i]=pos;



         m_extr_osc[i]=Main[pos];



         if(i>1)



           {



           index = ArrayMinimum (low,pos-2,5);



            m_extr_pr[i]=low[index];



            //--- form the intermediate bit-map



            map=0;



            if(m_extr_pr[i-2]<m_extr_pr[i])



               map+=1;  // set bit 0



            if(m_extr_osc[i-2]<m_extr_osc[i])



               map+=4;  // set bit 2



            //--- add the result



            m_extr_map+=map<<(4*(i-2));



           }



         else



         index = ArrayMinimum (low,pos-1,4);



            m_extr_pr[i]=low[index];



        }



      else



        {



         //--- maximum of the oscillator is detected



         pos-=off;



         m_extr_pos[i]=pos;



         m_extr_osc[i]=Main[pos];



         if(i>1)



           {



           index = ArrayMaximum (high,pos-2,5);



            m_extr_pr[i]=high[index];



            //--- form the intermediate bit-map



            map=0;



            if(m_extr_pr[i-2]>m_extr_pr[i])



               map+=1;  // set bit 0



            if(m_extr_osc[i-2]>m_extr_osc[i])



               map+=4;  // set bit 2



            //--- add the result



            m_extr_map+=map<<(4*(i-2));



           }



         else



         index = ArrayMaximum (high,pos-1,4);



            m_extr_pr[i]=high[index];



        }



     }



//---



   return(true);



  }



Let’s include this indicator in the fitness function.



handleInd=iCustom(NULL,0,&quot;MAMACDIndicator&quot;,



Signal_ThresholdOpen,



Signal_ThresholdClose,



Signal_MACD_PeriodFast,



Signal_MACD_PeriodSlow,



Signal_MACD_PeriodSignal,



Signal_MACD_Applied,



_MACD_Weight,



Signal_MA_PeriodMA,



Signal_MA_Shift,



Signal_MA_Method,



Signal_MA_Applied,



_MA_Weight



);



And run the script.



The depth of the price history increases, but substantially the time of the optimization greatly be increased - tenfold, with the same result at 1000 bars. Therefore, for the self-optimization of the expert, let’s use the first version of the indicator with the depth of history in 1000 bars.



With the MQL5 Wizard, let’s generate an expert code based on the MA and MACD signals and add the self-optimization of the parameters Signal_MA_Weight and Signal_MACD_Weight using the above fitness function.



//+------------------------------------------------------------------+



//| Include                                                          |



//+------------------------------------------------------------------+



#include <Expert\Expert.mqh>



//--- available signals



#include <Expert\Signal\SignalMA.mqh>



#include <Expert\Signal\SignalMACD.mqh>



//--- available trailing



#include <Expert\Trailing\TrailingNone.mqh>



//--- available money management



#include <Expert\Money\MoneyFixedLot.mqh>



 



#include <Fitness\MAMACDFitness.mqh>



#include <Fitness\UGAlib.mqh>



//+------------------------------------------------------------------+



//| Inputs                                                           |



//+------------------------------------------------------------------+



//--- inputs for expert



input string             Expert_Title            =&quot;MAMACDExpert&quot;; // Document name



ulong                    Expert_MagicNumber      =4322;           //



bool                     Expert_EveryTick        =false;          //



//--- inputs for main signal



input int                Signal_ThresholdOpen    =20;             // Signal threshold value to open [0...100]



input int                Signal_ThresholdClose   =20;             // Signal threshold value to close [0...100]



input double             Signal_PriceLevel       =0.0;            // Price level to execute a deal



input double             Signal_StopLevel        =50.0;           // Stop Loss level (in points)



input double             Signal_TakeLevel        =50.0;           // Take Profit level (in points)



input int                Signal_Expiration       =4;              // Expiration of pending orders (in bars)



input int                Signal_MA_PeriodMA      =12;             // Moving Average(12,0,...) Period of averaging



input int                Signal_MA_Shift         =0;              // Moving Average(12,0,...) Time shift



input ENUM_MA_METHOD     Signal_MA_Method        =MODE_SMA;       // Moving Average(12,0,...) Method of averaging



input ENUM_APPLIED_PRICE Signal_MA_Applied       =PRICE_CLOSE;    // Moving Average(12,0,...) Prices series



input double             Signal_MA_Weight        =1.0;            // Moving Average(12,0,...) Weight [0...1.0]



input int                Signal_MACD_PeriodFast  =12;             // MACD(12,24,9,PRICE_CLOSE) Period of fast EMA



input int                Signal_MACD_PeriodSlow  =24;             // MACD(12,24,9,PRICE_CLOSE) Period of slow EMA



input int                Signal_MACD_PeriodSignal=9;              // MACD(12,24,9,PRICE_CLOSE) Period of averaging of difference



input ENUM_APPLIED_PRICE Signal_MACD_Applied     =PRICE_CLOSE;    // MACD(12,24,9,PRICE_CLOSE) Prices series



input double             Signal_MACD_Weight      =1.0;            // MACD(12,24,9,PRICE_CLOSE) Weight [0...1.0]



//--- inputs for money



input double             Money_FixLot_Percent    =10.0;           // Percent



input double             Money_FixLot_Lots       =1.0;            // Fixed volume



//+------------------------------------------------------------------+



//| Global expert object                                             |



//+------------------------------------------------------------------+



CExpert ExtExpert;



CSignalMA *filter0=new CSignalMA;



CSignalMACD *filter1=new CSignalMACD;



 



double ReplicationPortion_E  = 100.0;



double NMutationPortion_E    = 10.0; 



double ArtificialMutation_E  = 10.0; 



double GenoMergingPortion_E  = 20.0; 



double CrossingOverPortion_E = 20.0; 



//---



double ReplicationOffset_E   = 0.5;  



double NMutationProbability_E= 5.0;  



 



double balance;



 



//+------------------------------------------------------------------+



//| Initialization function of the expert                            |



//+------------------------------------------------------------------+



int OnInit()



  {



//--- Initializing expert



if(!ExtExpert.Init(Symbol(),Period(),Expert_EveryTick,Expert_MagicNumber))



     {



      //--- failed



      printf(__FUNCTION__+&quot;: error initializing expert&quot;);



      ExtExpert.Deinit();



      return(INIT_FAILED);



     }



//--- Creating signal



   CExpertSignal *signal=new CExpertSignal;



   if(signal==NULL)



     {



      //--- failed



      printf(__FUNCTION__+&quot;: error creating signal&quot;);



      ExtExpert.Deinit();



      return(INIT_FAILED);



     }



//---



   ExtExpert.InitSignal(signal);



   signal.ThresholdOpen(Signal_ThresholdOpen);



   signal.ThresholdClose(Signal_ThresholdClose);



   signal.PriceLevel(Signal_PriceLevel);



   signal.StopLevel(Signal_StopLevel);



   signal.TakeLevel(Signal_TakeLevel);



   signal.Expiration(Signal_Expiration);



//--- Creating filter CSignalMA



 



if(filter0==NULL)



  {



   //--- failed



   printf(__FUNCTION__+&quot;: error creating filter0&quot;);



   ExtExpert.Deinit();



   return(INIT_FAILED);



  }



signal.AddFilter(filter0);



//--- Set filter parameters



filter0.PeriodMA(Signal_MA_PeriodMA);



filter0.Shift(Signal_MA_Shift);



filter0.Method(Signal_MA_Method);



filter0.Applied(Signal_MA_Applied);



filter0.Weight(Signal_MA_Weight);



//--- Creating filter CSignalMACD



 



if(filter1==NULL)



  {



   //--- failed



   printf(__FUNCTION__+&quot;: error creating filter1&quot;);



   ExtExpert.Deinit();



   return(INIT_FAILED);



  }



signal.AddFilter(filter1);



//--- Set filter parameters



filter1.PeriodFast(Signal_MACD_PeriodFast);



filter1.PeriodSlow(Signal_MACD_PeriodSlow);



filter1.PeriodSignal(Signal_MACD_PeriodSignal);



filter1.Applied(Signal_MACD_Applied);



filter1.Weight(Signal_MACD_Weight);



//--- Creation of trailing object



  CTrailingNone *trailing=new CTrailingNone;



   if(trailing==NULL)



     {



      //--- failed



      printf(__FUNCTION__+&quot;: error creating trailing&quot;);



      ExtExpert.Deinit();



      return(INIT_FAILED);



     }



//--- Add trailing to expert (will be deleted automatically))



   if(!ExtExpert.InitTrailing(trailing))



     {



      //--- failed



      printf(__FUNCTION__+&quot;: error initializing trailing&quot;);



      ExtExpert.Deinit();



      return(INIT_FAILED);



     }



//--- Set trailing parameters



//--- Creation of money object



CMoneyFixedLot *money=new CMoneyFixedLot;



   if(money==NULL)



     {



      //--- failed



      printf(__FUNCTION__+&quot;: error creating money&quot;);



      ExtExpert.Deinit();



      return(INIT_FAILED);



     }



//--- Add money to expert (will be deleted automatically))



   if(!ExtExpert.InitMoney(money))



     {



      //--- failed



      printf(__FUNCTION__+&quot;: error initializing money&quot;);



      ExtExpert.Deinit();



      return(INIT_FAILED);



     }



//--- Set money parameters



money.Percent(Money_FixLot_Percent);



money.Lots(Money_FixLot_Lots);



//--- Check all trading objects parameters



   if(!ExtExpert.ValidationSettings())



     {



      //--- failed



      ExtExpert.Deinit();



      return(INIT_FAILED);



     }



//--- Tuning of all necessary indicators



   if(!ExtExpert.InitIndicators())



     {



      //--- failed



      printf(__FUNCTION__+&quot;: error initializing indicators&quot;);



      ExtExpert.Deinit();



      return(INIT_FAILED);



     }



 



ChromosomeCount     = 100;  



GeneCount           = 2;    



Epoch               = 50;   



//---



RangeMinimum        = 0.0; 



RangeMaximum        = 1.0; 



Precision           = 0.1;



OptimizeMethod      = 2; 



ArrayResize(Chromosome,GeneCount+1);



ArrayInitialize(Chromosome,0); 



 



balance=AccountInfoDouble(ACCOUNT_BALANCE);



 



//--- ok



   return(INIT_SUCCEEDED);



  }



//+------------------------------------------------------------------+



//| Deinitialization function of the expert                          |



//+------------------------------------------------------------------+



void OnDeinit(const int reason)



  {



   ExtExpert.Deinit();



  }



//+------------------------------------------------------------------+



//| &quot;Tick&quot; event handler function                                    |



//+------------------------------------------------------------------+



void OnTick()



  {



  if(AccountInfoDouble(ACCOUNT_BALANCE)>balance) balance=AccountInfoDouble(ACCOUNT_BALANCE);



   double bd = ((balance-AccountInfoDouble(ACCOUNT_BALANCE))/balance)*100;



 



   if(bd>10){



 



   UGA



  (



  ReplicationPortion_E,



  NMutationPortion_E,  



  ArtificialMutation_E,



  GenoMergingPortion_E,



  CrossingOverPortion_E,



  //---



  ReplicationOffset_E, 



  NMutationProbability_E



  );



 



double _MACD_Weight=0.0;



double _MA_Weight=0.0;



int    cnt=1;



 



    while (cnt<=GeneCount)



    {



      _MACD_Weight=Chromosome[cnt];



      cnt++;



      _MA_Weight=Chromosome[cnt];



      cnt++;



    }



filter0.Weight(_MA_Weight);



filter1.Weight(_MACD_Weight);  



 



balance=AccountInfoDouble(ACCOUNT_BALANCE);



}



   ExtExpert.OnTick();



  }



//+------------------------------------------------------------------+



//| &quot;Trade&quot; event handler function                                   |



//+------------------------------------------------------------------+



void OnTrade()



  {



   ExtExpert.OnTrade();



  }



//+------------------------------------------------------------------+



//| &quot;Timer&quot; event handler function                                   |



//+------------------------------------------------------------------+



void OnTimer()



  {



   ExtExpert.OnTimer();



  }



//+------------------------------------------------------------------+



Here, in the OnTick function, when the threshold of the balance drawdown is exceeded, the UGA function of the genetic algorithm is called that optimizes the weights of signals.



In the fitness function, before copying indicator buffers, let’s add a call of the Sleep (1000);, so that the indicator had to be calculated.



When testing the expert on the EUR/USD pair on the period H1 (2016.01.01 - 2016.06.30), without self-optimization, we get the following result:



Total Net Profit: 26.00



Balance Drawdown Absolute: 4 431.00



Equity Drawdown Absolute: 4 550.00



Gross Profit: 79 532.00



Balance Drawdown Maximal: 5 862.00 (50.08%)



Equity Drawdown Maximal: 5 956.00 (50.57%)



Gross Loss: -79 506.00



Balance Drawdown Relative: 50.08% (5 862.00)



Equity Drawdown Relative: 50.57% (5 956.00)



Profit Factor: 1.00



Expected Payoff: 0.04



With the enabled self-optimization of the expert, when testing, we get the result:



Total Net Profit: 384.00



Balance Drawdown Absolute: 504.00



Equity Drawdown Absolute: 612.00



Gross Profit: 4 004.00



Balance Drawdown Maximal: 1 276.00 (10.94%)



Equity Drawdown Maximal: 1 341.00 (11.44%)



Gross Loss: -3 620.00



Balance Drawdown Relative: 10.94% (1 276.00)



Equity Drawdown Relative: 12.43% (1 333.00)



Profit Factor: 1.11



Expected Payoff: 24.00




And once again about expert testing




Any robot that you create will have the input parameters of its working that will need to be optimized for a particular currency pair. Moreover, the optimization of the parameters of a robot has to be done periodically, adjusting them under the current market behavior. It is impossible to create a universal robot that would produce the same results for any symbol for any period of time.



In order to optimize the parameters of a robot, it is necessary to test it for price history, which is downloaded by the terminal from a broker server and it is stored in the folder Bases\Default\History. The data of price history are downloaded from a trading server at the request of the terminal in the form of minute bars.



However, this is the case, if you set terminals of different brokers, you will find that every broker will provide its own price history. And the same robot will have different optimized parameters for different brokers.



You could not get universal optimized parameters of a robot.



Moreover, the same robot with the same parameters will trade differently on terminals of different brokers.



If you compare the trading of a robot in real time on the terminal broker with subsequent testing of the robot in the same period of time, the results will be the same. So the broker does not tinker with its history.



When there is a sensitivity of the results of a robot to optimize the parameters of the robot, the question arises, how to set up the robot so that it has provided a profit trade in the real market?



Whoever finds the answer to this question would be fabulously wealthy.



One way to optimize - select a region of history, which you think will be similar to the price movement in the future, and to optimize the robot at this time interval of the price history.



To order development of a robot or indicator - write tmashnin@gmail.com.
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