Polymorphic shapes
Last week, we began investigating how to send objects across the network.  We did this through serialisation – turning our objects into strings, then sending the strings in the same way we always have.
There is a substantial benefit, however, to using polymorphism in sending and receiving objects.  We’re going to look at the principles this week, but moving forward, we’re going to use polymorphism to define nearly all the application-level transport functionality of our networked applications.  This is useful because we can create a generic “Message” parent class, then create classes to extend it.  We’ll look at this next week.  For now, we’re going to extend last week’s exercise by moving to the polymorphic series of classes we’ve used previously.  
From moodle, download the PolymorphicShapes skeleton.  Open it in Visual Studio and take a few moments to familiarise yourself.  The network portion of the code should be familiar to you but look carefully at the Shape code.
Namespaces
You’ll notice that the Shape, Circle and Rectangle have all been put into the “networkshapes” namespace.  This is for good reason – classes/structs with the same name lurk in the Win32 global namespace.  So by doing this, we can avoid having two things with the same name in the same namespace (which makes differentiating between them nearly impossible).  In other words, we can use networkshapes::Rectangle to identify it from the Win32 rectangle.  As such, all the Shape-related classes start with the scope “namespace networkshapes” – and we can use “using namespace networkshapes” in our other files to include this namespace by default where reasonable.
Serialise
Let’s start with Circle::Serialise.  This should be simple.  We call the Shape version of serialise, then add the radius:
	void Circle::Serialise(ostream& os)
	{
		Shape::Serialise(os);
		os << radius;
	}
Similarly, for Rectangle:
	void Rectangle::Serialise(ostream& os)
	{
		Shape::Serialise(os);
		os << side1 << endl;
		os << side2;
	}
Both of which call through to:
	void Shape::Serialise(ostream& os)
	{
		os << type << endl;
		os << colour << endl;
	}
Polymorphism saves us a little effort and repetition, but this should be reasonably easy to understand.  “type” is something we’ll talk about momentarily…
Unserialise
This is the biggest challenge overall.  We’re presented here with a unique problem – as we’re sending one of two (or more) possible classes across the network, we need to differentiate between them at the other end.  There are 3 possible solutions to this:
1) We send a type specifier as part of the stream.  We already send an integer for size, so we could structure our communication such that it sends:
[incoming type] [size of incoming data] [serialised object]
2) As part of the data itself, without necessarily being a member of the class.  This means we send:
[size of incoming data, including type information] [type information + serialised object]
3) As part of the object.
Either way, we are forced to violate the Liskov substitution principle – this is nearly[footnoteRef:1] unavoidable for this scenario, at least without adding complexity and reducing interoperability. [1:  We could look at a form of direct memory serialisation/unserialisation – that way, we wouldn’t need to know what type it was to unserialise the object into its base class form and can use good polymorphic design to do the rest.  However, this has other drawbacks.  The approach we’re currently using of serialising to text is highly interoperable – going the direct memory route would ruin this interoperability, necessitating a C++ endpoint while adding significant complexity.  If you’re interested in exploring direct memory serialisation/unserialisation, investigate the XDR library.] 

I’m going to take the 3rd approach, though the 2nd is almost equally applicable (and might even serialise down to the same thing).  I prefer to hold the type as part of the object as this may aid in our design later.  The Liskov substitution principle says that it shouldn’t, but I’m willing to be a little more pragmatic about our design.  The 1st approach is possibly slightly worse, because it adds an (admittedly small) amount of complexity in how we handle incoming data.
So with this in mind, I have created an enum to represent the shapes we support:
enum ShapeType { circle, rectangle };
(n.b. an enum is a sort of constrainted integer – read up on them here if you’ve not come across them before).
I’ve added this to our Shape class as a protected type:
ShapeType type;
Additionally, I’ve set each of the constructors in Circle and Rectangle to set this, e.g.:
	Circle::Circle()
	{
		type = circle;
	}
So, we can use this to figure out which kind of shape this is when sent over the network, prior to unserialisation.
Let’s now write the Unserialise method.  You’ll notice that the Unserialise method itself is static and returns a Shape*:
	static Shape* Unserialise(istream& is);
This is because Shape is (and should remain) a pure virtual – we cannot construct one to call Unserialise on it, nor is it very easy to reallocate a base class as the form of one of its derived classes (i.e. if we could call new on Shape, re-allocating it as a Circle is not trivial).  So we have a method which is not intended to be called on an instance of Shape, but is part of the Shape class and returns a Shape to the caller.
Let’s unpick this method a few lines at a time:
Shape* s = nullptr;
Setting a Shape pointer which we’ll (hopefully) update to point to a specific form of Shape.
unsigned int tType = 0;
string colour;
ShapeType type;
We can’t unserialise directly into a type, so we use the tType integer to represent it initially and will write some code to convert it to type:
if (is >> tType)
{
	type = static_cast<ShapeType>(tType);
}
This reads from the stream into the tType integer and checks that it succeeded.  Assuming it did, it performs a conversion using static_cast to set the value of the enum type.  We should really error check here to ensure it was set to a valid type, but I’ve left it out for now for the sake of keeping the code as uncomplicated as possible.
is >> colour;
read colour from the stream.
switch (type)
{
	case circle:
	{
		s = new Circle();
	}
	break;

	case rectangle:
	{
		s = new Rectangle();
	}
	break;

	default:
	{
		return nullptr;
	}
}
This might be a bit strange to look at.  We’re using a switch statement on type.  When you switch an enum, you can use the names of its members as cases.  We’re then calling new on the specific derived class forms of Shape and referring to them with the Shape pointer – remember, thanks to polymorphism, we can do this!
We return nullptr from the default (even though this seems redundant) because otherwise the next two statements would error.
Next, we call:
s->SetColour(colour);
s->UnserialiseType(is);
UnserialiseType is a pure virtual from Shape.  We’ll look at this in a moment.
Finally, we return the Shape:
return s;
UnserialiseType is the type-specific unserialiser.  So, for example:
void Circle::UnserialiseType(istream& is)
{
	is >> radius;
}
This does the opposite of the type-specific Serialise call, pulling the type-specific member attributes out of the stream.
Circular Dependency
When designing these sorts of classes, we can very easily encounter something called a Circular Dependency.  Here, Circle and Rectangle need to include Shape – because the inherit from it.  However, Shape uses the definitions for Circle and Rectangle in the Unserialise method.  In other words, Circle and Rectangle need to include Shape and Shape needs to include Circle and Rectangle.  Remember, an include statement is effectively just taking the code from that file and placing it at the point of the include.  This creates a never-ending loop of dependency which can never be resolved.
#pragma_once tries to solve a lot of include ordering as a form of header guard, but risks breaking the cycle without resolving it here.
Look at the top of Shape.  You’ll see two things:
1) I haven’t included Circle or Rectangle.
2) I have used “class Circle” “class Rectangle”.  
You might not recognise this (though have certainly used it before) – it’s a forward declaration, just like we could forward declare a function.  This tells the compiler about an incomplete type and that a definition is coming.  We can then #include the header at the level of the cpp file – breaking the circular dependency but assuring the compiler that the incomplete types will be resolved.
Accessing functionality
First take a look at the BuildShape() function in the client’s Source file.  This looks complicated, but is deceptively quite simple – it’s creating a shape the user specifies, using the parameters they provide through console.  If any of this code doesn’t make sense, refer to the Unserialise section above – much of it works on very similar principles.  A few exceptions:
s = new networkshapes::Circle();


Remember above, we said “networkshapes” is the namespace which we use to disambiguate this Circle/Rectangle from those in the Win32 API.  This is how we disambiguate.
((networkshapes::Circle*)s)->SetRadius(radius);
This is a form of cast to a Circle which lets us call its member methods.
Calling this function ultimately creates a Circle or Rectangle and returns it to the main:
[image: ]
The main serialises the Shape:
stringstream ss;
s->Serialise(ss);
and, after making the connection, sends it:
ci->SendString(ss.str());

Let’s look at the server functionality on the other end.  This is reasonably simple, with most of the work done for us.
void ClientHandler(ConnectionInstance* ci)
{
	string msg = ci->ReceiveString();

	stringstream ss;
	ss.str(msg);
	Shape* s = Shape::Unserialise(ss);

	s->Print();
	
	delete s;
	delete ci;
}
We can read the incoming message as a string, put it onto a stream, then unserialise it.  Crucially, Print() should be able to polymorphically detect which class this is.
Exercise
Add a new “Triangle” shape.  This will require modifications at both the level of the client and the server.  It should not, however, require you to change the server’s ClientHandler function.
[bookmark: _GoBack]Consider some of the pragmatic implementation decisions we’ve been forced into making in this work.  We’ve violated the Liskov substitution principle, which requires us to add some subclass-specific functionality to the Shape base class.  Nonetheless, these sorts of rules should not be blindly followed when doing so does not make sense.  Due to the nature of this application, the alternatives increase complexity and reduce interoperability, so the correct decision (to me at least) is clear.  Do you agree?
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