Object serialisation
We’ve already had to put some work into considering how we use and apply data types for network transport.  We’ve relied on the 4 byte definition to send a variable length string, then sent streams of characters.  It wouldn’t be much of a challenge to expand this to additionally send other primitive data types, such as floats.  What if we want to send “data types” we create, however?  I.E. how can we create and send an object?
To understand this, we’ll need to investigate “serialisation” – the process of turning a complex structure in memory into a stream of bits for transport (or storage), then the reversal of that progress, unserialisation, at a later stage.
First thing to say, this is not remotely a new problem.  Nonetheless, C++ does not provide strong native serialisation support (though it does exist in lots of other languages).  There are libraries such as Boost, which have provided serialisation support for a very long time.  For the benefit of learning, we’re going to write our own serialisation functionality.  In this case, our goal is to turn an object into a string.
In principle, this can be quite simple – we can actually just write the attributes of the class to a stream and read them back on the other end.  We’ll use a stringstream here, though through the generic ostream/istream for portability.
We’ll write here in plain text – intended to be human readable.  This is useful for debugging, though does result in larger strings.  We can specify binary format with std::ios::binary if we like.
Let’s start with a simple “Circle” class:
private:
	double radius;
	string colour;
public:
	Circle();
	~Circle();

	void SetRadius(double radius);
	double GetRadius();

	void SetColour(string colour);
	string GetColour();
Write the obvious implementation for these getters/setters.
We want to serialise/unserialise this class.  To do this, we’ll add a “serialise” and “unserialise” method:
	void Serialise(ostream& os);
	void Unserialise(istream& is);
and to help us with understanding, also a Print method:
	void Print();
with the following implementations:
void Circle::Serialise(ostream& os)
{
[bookmark: _GoBack]	os << radius << endl;
	os << colour;
}

void Circle::Unserialise(istream& is)
{
	is >> radius;
	is >> colour;
}

void Circle::Print()
{
	cout << "Colour: " << colour << endl;
	cout << "Radius: " << radius << endl;
}
These simply write the class to/from a stream.  Let’s try a basic implementation of this:
int main(int argc, char** argv)
{
	Circle* c1 = new Circle();
	c1->SetColour("Yellow");
	c1->SetRadius(3.2);

	cout << "Circle 1" << endl;
	c1->Print();

	stringstream ss;
	c1->Serialise(ss);

	Circle* c2 = new Circle();
	c2->Unserialise(ss);

	cout << "Circle 2" << endl;
	c2->Print();

	getchar();
}
Test it.
However, we can’t send a stream.  Let’s modify this slightly to see whether we can put the code into a more useful form for network transfer:
int main(int argc, char** argv)
{
	Circle* c1 = new Circle();
	c1->SetColour("Yellow");
	c1->SetRadius(3.2);

	cout << "Circle 1" << endl;
	c1->Print();

	stringstream ss;
	c1->Serialise(ss);

	string intermediary = ss.str();

	stringstream ss2;
	ss2.str(intermediary);

	Circle* c2 = new Circle();
	c2->Unserialise(ss2);

	cout << "Circle 2" << endl;
	c2->Print();

	getchar();
}
Test this too.  Crucially, this extra step should demonstrate that we can, indeed, permutate our stream through a string data type to be sent.
Exercise: 
1) Try to send this object across a network.  You’ll need to write a client/server application, then print the class once it is received.  It doesn’t matter which direction you send the class.
Hint: is sending this really any different to sending any other string?
Second hint: this probably won’t cause an issue in this exercise, but don’t forget to consider the endianness of your numeric values.
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2) Write a Rectangle class and do the same.  Differentiate between the Circle and Rectangle in your implementation (i.e. allow the client/server to handle either).

Next week, we’ll expand this exercise by looking at how polymorphism allows us to differentiate between derived classes and how this might be applied to control messages.
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