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Template Classes



Template Classes



Const Correctness

A contract between the class designer and C++ programs.



Functors



Algorithms



It’s week 6!



We’ve made it really far



What questions do we have?
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At this point:
1. You know how to create classes!
2. You know to to create templated classes!
3. But…..
4. Remember maps and sets?

So what have we seen so far

In particular recall that a std::map<K ,V> requires K to 

have an operator<



Why this requirement?

In particular recall that a std::map<K ,V> requires K to 

have an operator<

Lookups!



Motivation

Why should we use operators at all?

“Operators allow you to convey meaning about types that 
functions don’t”

From this this phenomenal cppcon video

https://www.youtube.com/watch?v=zh4EgO13Etg
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Motivation

Why should we use operators at all?

“Operators allow you to convey meaning about types that 
functions don’t”

From this this phenomenal cppcon video

Now I understand! Money has a numeric-like behavior 
because we understand the + symbol means you can add 
them!

https://www.youtube.com/watch?v=zh4EgO13Etg


Hey Bjarne, I want the min of 2 ???



Hey Bjarne, I want the min of 2 ???

1. T should have an ordering relationship that makes sense.

2. T should represent something comparable where a “minimum” can 
be logically determined



Hey Bjarne, I want the min of 2 int

1. T should have an ordering relationship that makes sense.

2. T should represent something comparable where a “minimum” can 
be logically determined



Hey Bjarne, I want the min of 2 StanfordIDs

StanfordID rachel;
StanfordID thomas;

auto minStanfordID = min<StanfordID>(rachel, thomas);



Hey Bjarne, I want the min of 2 StanfordIDs

StanfordID rachel;
StanfordID thomas;

auto minStanfordID = min<StanfordID>(rachel, thomas);

StanfordID min(const StanfordID& a, const StanfordID& b)
{

return a < b ? a : b;
} Compiler: “Hey, I don’t 

know what to do here!”



Hello Operator Overloading



Hello Operator Overloading

So how do operators work with classes?

● Just like we declare functions in a class, we can declare an operator’s 
functionality

● When we use that operator with our new object, it performs a custom 
function or operation

● Just like in function overloading, if we give it the same name, it will 
override the operator’s behavior!



What are operators?

Operators are symbols that perform operations on values, 
objects, or types and produce a new value or effect.

Values Objects Types



What operators can we overload?

It turns out, most of them!



What operators can’t be overloaded?

● Scope Resolution

● Ternary 

● Member Access 

● Pointer-to-member access

● Object size, type, and casting

::   ?   .   .*   sizeof()   
typeid()   cast()
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What operators can’t be overloaded?

● Scope Resolution

● Ternary 

● Member Access 

● Pointer-to-member access

● Object size, type, and casting

::   ?   .   .*   sizeof()   
typeid()   cast()



Operator Overloading Syntax

return_type operator<symbol>(parameter_list);



Hey Bjarne, I want the min of 2 StanfordIDs

class StanfordID {
private:
std::string name;
std::string sunet;    
int idNumber;

public:
    // constructor for our StanfordID
    StanfordID(std::string name, std::string sunet, int idNumber);
    std::string getIdNumber();

.

.
    bool operator < (const StanfordID& other) const;
} 

.h file



Hey Bjarne, I want the min of 2 StanfordIDs

#include StanfordID.h

std::string StanfordID::getIdNumber() {
    return idNumber;
}

bool StanfordID::operator < (const StanfordID& rhs) const {
?

}

.cpp file



Think about it with a partner!

Say that you want to compare StanfordID objects by their 
idNumber member variable, how could you implement this?



Hey Bjarne, I want the min of 2 StanfordIDs

#include StanfordID.h

int StanfordID::getIdNumber() {
    return idNumber;
}

bool StanfordID::operator<(const StanfordID& other) const {
    return idNumber < other.getIdNumber();
}

.cpp file



Hey Bjarne, I want the min of 2 StanfordIDs

#include StanfordID.h

int StanfordID::getIdNumber() {
    return idNumber;
}

bool StanfordID::operator<(const StanfordID& other) const {
    return idNumber < other.idNumber;
}

.cpp file



What questions do we have?



Non-member overloading

There are two ways to overload:

1. Member overloading
a. Declares the overloaded operator within the scope of your class



Non-member overloading

There are two ways to overload:

1. Member overloading
a. Declares the overloaded operator within the scope of your class

This is what we’ve seen!



Non-member overloading

There are two ways to overload:

1. Member overloading
a. Declares the overloaded operator within the scope of your class



Non-member overloading

There are two ways to overload:

1. Member overloading
a. Declares the overloaded operator within the scope of your class

2. Non-member overloading
a. Declare the overloaded operator outside of class definitions
b. Define both the left and right hand objects as parameters



Non-member overloading

bool operator < (const StanfordID& lhs, const StanfordID& rhs);

Non-member Operator Overloading

bool StanfordID::operator < (const StanfordID& rhs) const {...}

Member Operator Overloading



Non-member overloading

This is actually preferred by the STL, and is more idiomatic C++

Why:
1. Allows for the left-hand-side to be a non-class type



Non-member overloading

This is actually preferred by the STL, and is more idiomatic C++

Why:
  2.  Allows us to overload operators with classes we don’t own

a. We could define an operator to compare a StanfordID to other 
custom classes you define.



Non-member overloading

This is actually preferred by the STL, and is more idiomatic C++

Why:
1. Allows us to overload operators with classes we don’t own

a. We could define an operator to compare a StanfordID to other 
custom classes you define.



Non-member overloading



Non-member overloading

It’s better to use non-member overloading so we can do comparison in both 
directions and with classes we don’t own!



Non-member overloading



Non-member overloading

bool operator< (const StanfordID& lhs, const StanfordID& rhs);

Non-member Operator Overloading

bool StanfordID::operator< (const StudentID& rhs) const {...}

Member Operator Overloading
Note both the left and right hand side of the 

operator are passed in in non-member 
operator overloading!



What about the member variables?

bool operator< (const StanfordID& lhs, const StanfordID& rhs);

Non-member Operator Overloading

With member operator overloading we have access to this-> and the variables 
of the class.



What about the member variables?

Can we access these with 
non-member operator 

overloading? 🤔



What about the member variables?

N O

Can we access these with 
non-member operator 

overloading? 🤔



What about the member variables?

It is also undefined behavior to 
have both of these because the < 

operator is acting on two 
StanfordIDs

Remember ambiguity badddddd



What questions do we have?



Hello friend!

bool operator< (const StanfordID& lhs, const StanfordID& rhs);

Non-member Operator Overloading

The friend keyword allows non-member functions or classes to access private 
information in another class!



Hello friend!

bool operator< (const StanfordID& lhs, const StanfordID& rhs);

Non-member Operator Overloading

The friend keyword allows non-member functions or classes to access private 
information in another class!

How do you use friend?
In the header of the target class you declare the operator overload function as a 
friend



Hey Bjarne, I want the min of 2 StanfordIDs

class StanfordID {
private:
std::string name;
std::string sunet;    
int idNumber;

public:
    // constructor for our StudentID
    StanfordID(std::string name, std::string sunet, int idNumber);
    .

.

.
    friend bool operator < (const StanfordID& lhs, const StanfordID& rhs);
} 

.h file



Hey Bjarne, I want the min of 2 StanfordIDs

#include StanfordID.h

bool operator< (const StanfordID& lhs, const StanfordID& rhs) 
{

return lhs.idNumber < rhs.idNumber;
}

.cpp file



Note: this also works!

#include StanfordID.h

bool operator< (const StanfordID& lhs, const StanfordID& rhs) 
{

return lhs.getIdNumber() < rhs.getIdNumber();
}

.cpp file

In this case the friend 
keyword is not required since 

we’re not using a private 
member function or variable



What questions do we have?



So why is this even meaningful?

StanfordID jacob;
StanfordID fabio;

auto minStanfordID = min<StanfordID>(jacob, fabio);

StanfordID min(const StanfordID& a, const StanfordID& b)
{

return a < b ? a : b;
} Compiler: “Hey, now I 

know what to do here! 😀”



So why is this even meaningful?

● There are many operators that you can define in C++ like we saw



So why is this even meaningful?

● There are many operators that you can define in C++ like we saw

● There’s a lot of functionality we can unlock with operators



More importantly

“Operators allow you to convey meaning about 
types that functions don’t”



Rules and Philosophies 

● Because operators are intended to convey meaning about a type, the 
meaning should be obvious

● The operators that we can define are oftentimes arithmetic operators. The 
functionality should be reasonably similar to their corresponding 
operations
○ You don’t want to define operator+ to be set subtraction

● If the meaning is not obvious, then maybe define a function for this

This is known as the 
Principle of Least 

Astonishment (PoLA)



In general

● There are some good practices like the rule of contrariety

● For example when you define the operator== use the rule of contrariety to 
define operator!=

bool StanfordID::operator==(const StanfordID& other) const {
return (name == other.name) && (sunet == other.sunet) && 
(idNumber == other.idNumber);

}

bool StanfordID::operator!=(const StanfordID& other) const {
return !(*this == other);

}



● However there’s a lot of flexibility in implementing operators

● For example << stream insertion operator

<<

std::ostream& operator << (std::ostream& out, const StanfordID& sid) { 
    out << sid.name << " " << sid.sunet << " " << sid.idNumber; 
    return out; 
}

std::ostream& operator << (std::ostream& out, const StanfordID& sid) { 
out << "Name: " << sid.name << " sunet: " << sid.sunet << " idnumber: " 
<< sid.idNumber; 

    return out; 
}

The way you use this 
operator may influence 
how you implement it



1. Operator overloading unlocks a new layer of functionality and meaning 
within objects that we define

2. Operators should make sense, the entire point is that convey some meaning 
that functions don’t about the type itself.

3. You should overload when you need to, for example if you’re not using a 
stream with your type, then don’t overload << or >>.

Final thoughts


