
LU C I A N  R A D U  T E O D O R E S C U

Deconstructing Inheritance
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inheritance in C++

heavily used
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why use inheritance?

model real-world concepts

reuse members


subtyping

implement an interface
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1Simple problems are hard
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problem statement

design two classes: Rectangle and Square

operations: get/set dimensions, get area
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two solutions
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1. Rectangle is-a Square
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class Square {

    int size;


public:

    virtual int getSize() const { return size; }

    virtual void setSize(int x) { size = x; }

    virtual int getArea() const { return size * size; }

};


class Rectangle : public Square {

    int width;


public:

    virtual int getWidth() const { return width; }

    virtual int getHeight() const { return Square::getSize(); }

    void setSize(int x) override {

        Square::setSize(x);

        width = x;

    }

    virtual void setWidth(int x) { width = x; }

    virtual void setHeight(int x) { Square::setSize(x); }

    int getArea() const override { return width * getSize(); }

};
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problems

mathematically incorrect

interface of Rectangle is polluted


LSP test broken
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void increaseArea(Square& square) {

    auto oldArea = square.area();


    square.setSize(square.getSize() * 2);


    auto newArea = square.area();

    assert(newArea == 4 * oldArea);

}
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2. Square is-a Rectangle
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class Rectangle {

   int width, height;

public:

    virtual int getWidth() const  { return width; }

    virtual int getHeight() const { return height; }

    virtual void setWidth(int x)  { width = x; }

    virtual void setHeight(int x) { height = x; }

    virtual int getArea() const   { return width*height; }

};


class Square: public Rectangle {

public:

    virtual int getSize() const { return Rectangle::getWidth(); }

    virtual void setSize(int x) {

        Rectangle::setWidth(x);

        Rectangle::setHeight(x);

    }

};



@ Lu cT 3 o

fixes

mathematically seems correct

interface is less polluted
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problems

twice as much storage needed for Square

LSP test broken
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void increaseAreaNew(Rectangle& r) {

    auto oldArea = r.area();


    square.setWidth(r.getWidth() * 2);


    auto newArea = r.area();

    assert(newArea == 2 * oldArea);

}



@ Lu cT 3 o

fix 1

make classes immutable
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class Rectangle {

protected:

    int width, height;

public:

    Rectangle(int w, int h) : width(w), height(h) {}

    virtual int getWidth() const { return width; }

    virtual int getHeight() const { return height; }

    virtual int getArea() const { return width*height; }

};


class Square: public Rectangle {

public:

    Square(int s) : Rectangle(s, s) {}

    virtual int getSize() const { return Rectangle::getWidth(); }

};



@ Lu cT 3 o

problems

twice as much storage needed for Square

inheritance doesn’t buy us anything
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fix 2

remove inheritance
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class Rectangle {

protected:

    int width, height;

public:

    Rectangle(int w, int h) : width(w), height(h) {}

    int getWidth() const { return width; }

    int getHeight() const { return height; }

    int getArea() const { return width*height; }

};


class Square {

    int size;

public:

    Square(int s) : size(s) {}

    int getSize() const { return size; }

    int getArea() const { return size*size; }

};
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Robert C. Martin

The truth is that Squares and 
Rectangles, even immutable 

Squares and Rectangles,

ought not be associated by 

inheritance 

”
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Robert C. Martin

The class Square is not a square, it is 
a program that represents a square. 

The class Rectangle is not a 
rectangle, it is a program that 

represents a rectangle. […] The fact 
that a square is a rectangle does not 

mean that their representatives 
share the ISA relationship. 

”
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Bjørn Konestabo

ISA is useful when trying to model 
real world relations to make class 

hierarchies intuitive,

but classes are metaphors,


and metaphors,

if extended too far will break

”



@ Lu cT 3 o

why use inheritance?

model real-world concepts

reuse members


subtyping

implement an interface
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2The grand IS-A confusion
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problem: elevator system

a lot of buttons
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option 1
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option 2
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option 3
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what is real-world?
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what is a Button?

elevator

arcade game

mechanical


keyboard

UI button


old bell button

…
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in real world

concepts are building blocks of thoughts

fuzzy generalisations


by similitude
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in real world

there is no “the Button”
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in software

concepts are sets of instances

sharp distinctions


algebraically constructed
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IS-A in real world

∄ inside-button IS-A button
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IS-A in software

1. reuse data layout & methods


2. substitutability

composition & typing

Liskov Substitution Principle
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Herb Sutter, Andrei Alexandrescu

The "is-a" description of public inheritance is 
misunderstood when people use it to draw 
irrelevant real-world analogies: A square 
"is-a" rectangle (mathematically) but a 

Square is not a Rectangle (behaviorally). 
Consequently, instead of "is-a," we prefer to 

say "works-like-a" (or, if you prefer, 
"usable-as-a") to make the description less 

prone to misunderstanding. 

”
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public inheritance

is substitutability

it has nothing to do with “real-world”

IS-A — nothing but a metaphor
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why use inheritance?

model real-world concepts

reuse members


subtyping

implement an interface
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3Liskov Substitution Principle
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Liskov Substitution Principle

Subtype requirement: Let ϕ(x) be a property provable about 
objects x of type T. Then ϕ(y) should be true for objects y of 

type S where S is a subtype of T. 

Barbara H. Liskov, Jeannette M., A behavioral notion of subtyping, 
ACM Transactions on Programming Languages and Systems, 1994 ”
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Liskov Substitution Principle

If for each object o1 of type S there is an object o2 of type T 
such that for all programs P defined in terms of T, the behavior 

of P is unchanged when o1 is substituted for o2 then S is a 
subtype of T. 

Barbara H. Liskov, Data Abstraction and Hierarchy, 1988”
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Liskov Substitution Principle

If for each object o1 of type S there is an object o2 of type T 
such that for all programs P defined in terms of T, the behavior 

of P is unchanged when o1 is substituted for o2 then S is a 
subtype of T. 

Barbara H. Liskov, Data Abstraction and Hierarchy, 1988”
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sounds good, but…

it doesn’t work in a strict sense

hard to work in a relaxed sense

increases complexity, not reduce it
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LSP, strict sense

ϕ(Base) = true

ϕ(Derived) == true ?
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ϕ(x) = true, iff x == Base
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Liskov Substitution Principle

Subtype requirement: Let ϕ(x) be a property provable about 
objects x of type T. Then ϕ(y) should be true for objects y of 

type S where S is a subtype of T. 

Barbara H. Liskov, Jeannette M., A behavioral notion of subtyping, 
ACM Transactions on Programming Languages and Systems, 1994 ”
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void lspFailure(Base& poly) {

    assert(typeid(poly) == typeid(Base));

}
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LSP and subtyping

mathematically, LSP doesn’t allow subtyping



@ Lu cT 3 o

relaxed LSP

behaves exactly like Base

returns the same things as Base does

calls exactly the same functions as Base does

same performance as Base

returns a subset of results that Base returns

has the same invariants as Base

…

ϕ(x) =
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what are the properties?

we have to survey all the code

⇒ hard
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LSP can break

when changing Derived


if we don’t know all the properties

of Base

when changing Base/clients


if we don’t know all the assumptions 
for all derived
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example 1
struct Button {

    virtual void push(bool on) { isPushed_ = on; }

    virtual bool isPushed() const { return isPushed_; }

private:

    bool isPushed_{false};

};


// OLD code, in a different module

void clientCode(Button& btn) {

    btn.push(true);

    assert(btn.isPushed()); // Should be ON

}


// NEW code

struct ButtonWithSafety : Button {

    // Only push the button if the safety button is also pushed

    void push(bool on) override { Button::push(on && safety_.isPushed()); }


    Button safety_;

};
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example 2

// OLD code, in some distant module, not directly visible near Button

struct ButtonWithTimer : Button {

    void push(bool on) override {

        Button::push(on);

        // Button automatically unpressed after 1 second

        if (on)

            timer.start(1s, [this] { Button::push(false); })

    }

}


// NEW code, based on observed behaviour of Button

void clientCode(Button& btn) {

    btn.push(true);

    oldVal = btn.isPushed();

    std::this_thread::sleep_for(1s);

    assert(oldVal == btn.isPushed()); // FAILURE

}
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source of problems

indirect coupling

different modules

open-closed principle

increases complexity
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NOT an abstraction

abstraction reduces complexity
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LSP

it doesn’t work in a strict sense

hard to work in a relaxed sense

increases complexity, not reduce it
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why use inheritance?

model real-world concepts

reuse members


subtyping

implement an interface
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4Inheritance and Friendship
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real-life analogy

children are closer than friends
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friendship impact

access to all members

(with a bit of care) does not change interface of class
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inheritance impact

access to most members

can change class invariants

                => affects all clients
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example
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change inertia
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inheritance is

stronger than friendship
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5Inheritance vs Composition



@ Lu cT 3 o

Robert C. Martin

A pox on the ISA relationship.

It’s been misleading and 
damaging for decades.

Inheritance is not ISA. 

Inheritance is the redeclaration 
of functions and variables


in a sub-scope.

No more. No less. 

”
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inheritance

redeclaration

subtyping
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composition

redeclaration can be abstracted out
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Herb Sutter, Andrei Alexandrescu

Inheritance is often overused, 
even by experienced developers. 

A sound rule of software 
engineering is to minimize 

coupling: If a relationship can be 
expressed in more than one way, 

use the weakest relationship 
that's practical.

”
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prefer composition

to inheritance
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Klaus Iglberger, Breaking Dependencies: Type Erasure - A Design Analysis
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Klaus Iglberger, Breaking Dependencies: Type Erasure - A Design Analysis
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why use inheritance?

model real-world concepts

reuse members


subtyping

implement an interface
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When to use and when to avoid inheritance

6Putting things together
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why use inheritance?

model real-world concepts

reuse members


subtyping

implement an interface

composition

implement an interface
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inheritance

use with interfaces

replace by composition
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interfaces

ok with LSP

SOLID player
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interface guidelines

one for each type of client

invariants directed by the clients
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interfaces decouple

concrete classes from users

proper abstraction
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why use inheritance?

model real-world concepts

reuse members


subtyping

implement an interface

composition

implement an interface
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inheritance is

… full of inconsistencies

… overrated

… overused



Thank You
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