Genetic Algorithms and the Traveling Salesman Problem using C# and ATL COM


Introduction

This project is about an application used by the Traveling Salesman, given a finite number of 'cities'(I have choosen cities from 1 to a finite number) along with the distance of travel (distance between two cities is randomly choosen) between each pair of them, The aim is to find the cheapest distance of visiting all the cities and returning to the starting point. Using GA we can get an optimal solution to solve this problem. 

This is only an example to look at calling COM Components and accessing SAFEARRAY in C#. I don't know many things about genetic algorithm and please don't take take this code as demonstrating a problem to solve using only genetic algorithms (GA). This is just one approach. The C++ code for GA I got from the Internet.

Background (optional)

Disclaimer: I am not a GA and C# expert. I have reused C++ code to make it into a COM component and my goal was to show some visualisation effects using new kid on the block C#. It's only an example of GA coding.Any comments and criticism you have are most welcome.

Using the code

The main TSP component is written using COM via ATL, and the client application using C#. The TSP GA application will provide the following operations: 

· Set number of cities. 

· Set Population size for each generation. 

· Set Generation Size. 

· Set Cross Over Percentage. 

· Set Mutation rate. 

· Start TSPGA Algorithm. 

· Gets best Distance for each generation. 

· Gets overall best distance for all generations. 

· Gets overall best path traversed. 

· Gets Worst distance. 

Design

COM Server

Find below the IDL file for details of methods exposed from interface: 

[image: image1.png]


Collapse

interface ITSPGAAlgorithm : IDispatch

{

   [propput, id(1), helpstring("property SetPopulationSize")] 

                    HRESULT SetPopulationSize([in] short newVal);

   [propput, id(2), helpstring("property GetPopulationSize")] 

                    HRESULT GetPopulationSize([in] short* newVal);

   [propget, id(3), helpstring("property GenerationSize")] 

                    HRESULT GenerationSize([out, retval] short *pVal);

   [propput, id(3), helpstring("property GenerationSize")] 

                    HRESULT GenerationSize([in] short newVal);

   [propget, id(4), helpstring("property Mutate")]

                    HRESULT Mutate([out, retval] double *pVal);

   [propput, id(4), helpstring("property Mutate")]

                    HRESULT Mutate([in] double newVal);

   [propget, id(5), helpstring("property CitySize")]

                    HRESULT CitySize([out, retval] short *pVal);

   [propput, id(5), helpstring("property CitySize")]

                    HRESULT CitySize([in] short newVal);

   [id(6), helpstring("method SetCrossOverRate")] 

                    HRESULT SetCrossOverRate([in] short nCrossOverPercentage);

   [id(7), helpstring("method StartGAForTSP")]

                    HRESULT StartGAForTSP();

   [id(8), helpstring("method GetAllBestDistancesByGenerations")] 

                    HRESULT GetAllBestDistancesByGenerations([out,retval] 

                                                             VARIANT*pAllDistances);

   [id(9), helpstring("method GetBestPathForTSP")] 

                    HRESULT GetBestPathForTSP([out, retval] VARIANT* pPath);

   [propget, id(10), helpstring("property BestOverAll")] 

                    HRESULT BestOverAll([out, retval] short *pVal);

   [propget, id(11), helpstring("property WorstOverAll")] 

                    HRESULT WorstOverAll([out, retval] short *pVal);

};

Starting TSPGA

This is the main piece of code responsible for evolving generations, reproducing solution, mutations etc.

STDMETHODIMP CTSPGAAlgorithm::StartGAForTSP()

{

   // TODO: Add your implementation code here
   pGen = new ga(POP_SIZE,GEN_STOP,PROB_MUT,PROB_CROSS,CITY_COUNT);

   pGen->evolve();

   return S_OK;

}

Returning Distances to client

Use SAFEARRAY to fill the array of distances as a VARIANT pointer as below. 
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STDMETHODIMP CTSPGAAlgorithm::GetAllBestDistancesByGenerations(VARIANT *pAllDistances)

{

          // TODO: Add your implementation code here
          VariantInit(pAllDistances);

          pAllDistances->vt = VT_ARRAY | VT_I2 ;

          SAFEARRAY * psa;

          SAFEARRAYBOUND bounds = {GEN_STOP,0};

          psa = SafeArrayCreate(VT_I2,1,&bounds);

          int * pDist = NULL;

          pGen->GetDistanceByGen(&pDist);

          short *pDest = (short*)CoTaskMemAlloc(sizeof(short) * GEN_STOP);

          SafeArrayAccessData(psa,reinterpret_cast<void **>(&pDest));

          for(int i = 0 ; i < GEN_STOP ; i++)

                   pDest[i] = pDist[i];

          SafeArrayUnaccessData(psa);

          pAllDistances->parray = psa;

          return S_OK;

}

C# Client

I’m a not an expert in C# programming. It took quite a bit of time to put in all my browsing experience to find one really good article for XY Plot graph, so here is the link http://www.c-sharpcorner.com/Code/2002/Aug/XYPlotControl.asp. This is a nice user control to use in C# which adds nice visual effects to the travelling salesman problem.

Register TSPGAATL.dll using regsvr32

To access this component from C#, from the VisualStudio.NET IDE click on the 'Project' menu. Click 'Add Refernces', and a tabbed dialog should appear. Select the 'COM' tab and browse for 'TSPGAATL.dll', and add it. Now C# knows everything about our COM component.

Find below my code for accessing the COM component from C# and accessing the SAFEARRAY from a method.
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// Create the COM component
TSPGAATLLib.ITSPGAAlgorithm comTSPGA = new TSPGAATLLib.TSPGAAlgorithmClass();

// Set All the properties 
comTSPGA.CitySize = System.Convert.ToInt16(this.textBox1.Text);

comTSPGA.SetPopulationSize = System.Convert.ToInt16(this.textBox2.Text);

comTSPGA.GenerationSize = System.Convert.ToInt16(this.textBox3.Text);

comTSPGA.SetCrossOverRate(System.Convert.ToInt16(this.textBox4.Text));

comTSPGA.Mutate = System.Convert.ToDouble(this.textBox5.Text);

// Start the GA TSP Engine 
comTSPGA.StartGAForTSP();

//Reset the User Control Graph 
xyGraphControl1.Reset();

xyGraphControl1.XTickValue = 20;

xyGraphControl1.YTickValue = 20;

xyGraphControl1.XOrigin = 1;

xyGraphControl1.YOrigin = 100;

xyGraphControl1.LabelX = "Generation";

xyGraphControl1.LabelY = "Distance";

//TSP gets diifferent best routes he can traverse
//C# handles Variant wrapped safearrays the following way...
//We fill Array with all Generations(say 1000)
//Make sure we convert to respective datatypes(C# complier returns good build errors)
System.Array distAll =(System.Array)comTSPGA.GetAllBestDistancesByGenerations();

for(int i = 0;i < distAll.Length;i++ )  

{

   //Write it to a file..
   distFile += distAll.GetValue(i) + "\n";                   

   //Display the Graph here by extracting the value stored in System.Array variable
   //Add the Distance points for each generation
   xyGraphControl1.AddPoint(System.Convert.ToInt64(i), 

                            System.Convert.ToInt64(distAll.GetValue(i)));            

}

FileStream fs = new FileStream(@"c:\dist.txt" , FileMode.OpenOrCreate, FileAccess.Write); 

StreamWriter m_streamWriter = new StreamWriter(fs); 

// Write to the file using StreamWriter class 
m_streamWriter.BaseStream.Seek(0, SeekOrigin.End);

m_streamWriter.Write(" File Write Operation Starts : "); 

m_streamWriter.Write(distFile);

m_streamWriter.Flush();

//Now help out TS(Travelling SalesMan)and give him this best route.
String outPut = "";

System.Array bestRoute =(System.Array) comTSPGA.GetBestPathForTSP();

for(int i = 0;i < bestRoute.Length;i++ )

{

  outPut += bestRoute.GetValue(i) + "-->";    

}

//Display it in Text Box
this.textBox6.Text = outPut + bestRoute.GetValue(0);

//the best overall ranking distance
this.label9.Text = System.Convert.ToString(comTSPGA.BestOverAll);

//the worst overall ranking system
this.label11.Text = System.Convert.ToString(comTSPGA.WorstOverAll);

xyGraphControl1.Invalidate();

Points of Interest

Accessing SAFEARRAY from C# took some time for me but the way C# handling any kind of datatype is excellent. Initially I was resisting my self to move to C# from my good old Win32, MFC and ATL controls.

C# is a good language to consider.

             SYSTEM  IMPLEMENTATION

5.1  REQUIREMENT ANALYSIS

The completion of this thesis requires the following Software & Hardware
Software Requirements

Hardware Requirements
PROCESSOR


-
Pentium IV

RAM




-
32 MB 

SECONDARY STORAGE
-
1 MB 

MOUSE



-
Logitech 

5.2 SOFTWARE DESCRIPTION

Microsoft.NET Framework


Microsoft made the specifications for .net development platform freely available for the compiler vendors in the form of common language specification (CLS). The common language specifications provide the specifications for a language to compile into a common platform. The compiler vendors must design the compiler in such a way that the compiled code conforms these specifications. These compilers compile the programs written in the high level language into a format called intermediate language format.



Common Language Function


This IL code format is not the machine language code. So, in order to execute the program we need to compile it again into machine language.This is done by the Common Language Functions(CLR). The Just-in-time compiler(JIT compiler) of th CLR takes the IL code as input and Compiles it and executes it.





A Sample view of .NET Framework



C#.NET framework

Microsoft .NET 


The Microsoft .NET software developers list can br downloaded from Microsoft official website. It contains the following:-

· Compiler for C#

· Common Language Runtime

· CLR Debugger

· .Net base classes

· Some utilities

C#  Base Classes :


A significant part of the power of the .Net framework comes from the base classes supplied by microsoft as part of the .NET framework. These classes are all callable from C# and provide the bind of basic functionality that is needed by many applications to perform, amongst other things, basic system, windows, and                  . The types of purposes you can use the base classes to do include

· String handling

· Arrays, lists,maps etc.,

· Accessing files and the file system

· Accessing the registry

· Security

· Windowing

· Windows messages

· Database access [14]

Visual C# .NET 2003 is the modern, innovative programming language and tool for building .NET-connected software for Microsoft Windows, the Web, and a wide range of devices. With syntax that resembles C++, a flexible integrated development environment (IDE), and the capability to build solutions across a variety of platforms and devices, Visual C# .NET 2003 significantly eases the development of .NET-connected software. 

Visual C# .NET builds on a strong C++ heritage. Immediately familiar to C++ and Java developers, C# is a modern and intuitive object-oriented programming language that offers significant improvements, including a unified type system, "unsafe" code for maximum developer control, and powerful new language constructs easily understood by most developers. 

Developers can take advantage of an innovative component-oriented language with inherent support for properties, indexers, delegates, versioning, operator overloading, and custom attributes. With XML comments, C# developers can produce useful source code documentation. An advanced inheritance model enables developers to reuse their code from within any programming language that supports .NET. 

C# developers can join the newest, fastest-growing developer community, in which they can exchange code and resources, leverage skills across multiple computing environments, and contribute to the standardization process that ensures vibrant and active community participation. 

With a superior IDE, Visual C# .NET provides users with the ultimate developer environment, bringing together the development community and valuable online resources. The Start Page offers developers a one-click portal to updates, preferences, information on recently used projects, and the MSDN Online community. Improved IntelliSense, the Toolbox, and the Task List provide significant productivity enhancements, while AutoHide windows and multiple-monitor support help programmers maximize screen real estate and customize their development environment. New custom build rules make developing robust and powerful software easier than ever. 

Using the Web Forms Designer and XML Designer, developers can use IntelliSense features and tag completion or the WYSIWYG editor for drag-and-drop authoring to build interactive Web applications. With a few simple steps, programmers can design, develop, debug, and deploy powerful XML Web services that reduce development time by encapsulating business processes accessible from any platform. 

With Visual C# .NET 2003, developers can take advantage of Microsoft .NET and incorporate next-generation technology for resource management, unified types, and remoting. With Microsoft .NET, developers gain superior memory management technology for seamless garbage collection and reduced program complexity. Developers can use the Microsoft .NET Framework Common Type System to leverage code written in any of more than 20 languages that support .NET, while making efficient remote procedure calls. 

Developers can also use the tested and proven .NET Framework class library to gain powerful built-in functionality, including a rich set of collection classes, networking support, multithreading support, string and regular expression classes, and broad support for XML, XML schemas, XML namespaces, XSLT, XPath, and SOAP. And, with the Java Language Conversion Assistant (JLCA), programmers can begin migrating their Java-based projects to the Microsoft .NET environment. 

Using Visual C# .NET 2003, developers can construct powerful Web services that encapsulate business processes and make them available to applications running on any platform. Developers can easily incorporate any number of Web services that are catalogued and available in many independent Universal Description, Discovery, and Integration (UDDI) directories, providing a strong foundation of services and business logic for their applications. 

Visual C# .NET 2003 also enables developers to build the next generation of Windows-based applications. With visual inheritance, developers can greatly simplify the creation of Windows-based applications by centralizing in parent forms the common logic and user interface for their entire solution. Using control anchoring and docking, programmers can build resizable forms automatically, while the in-place menu editor enables developers to visually author menus directly from within the Forms Designer. 

Visual C# .NET 2003 is a modern, innovative programming language and tool for building .NET-connected software for Microsoft Windows, the Web, and a wide range of devices. With familiar C++-like syntax, a flexible integrated development environment (IDE), and the capability to build solutions across a variety of platforms and devices, Visual C# .NET 2003 significantly eases the development of .NET-connected software. 

Visual 
C# .NET provides users with a superior developer environment, bringing together the development community and valuable online resources. The Start Page offers developers a one-click portal to updates, preferences, information on recently used projects, and the MSDN Online community. Improved IntelliSense, the Toolbox, and the Task List provide significant productivity enhancements, while AutoHide windows and multiple-monitor support help programmers maximize screen real estate and customize their development environment. 

With Visual C# .NET 2003, developers can take advantage of Microsoft .NET and incorporate next-generation technology for resource management, unified types, and remoting. With Microsoft .NET, developers gain superior memory management technology for seamless garbage collection and reduced program complexity. Developers can use the Microsoft .NET Framework Common Type System to leverage code written in any of more than 20 languages that support .NET, while making efficient remote procedure calls. 
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