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Exploring Polymorphism in C++

Style and conventions
The following shows the execution of a program. | used the Linux way here and skipped supplying the
desired output name, resulting in a.out as the program name.

$ ./a.out

Hello, C++!

+ <string> stands for a header file with the name string

+ [[xyz]] marks a C++ attribute with the name xyz.
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Run-time polymorphism and its costs

1 struct Car {

2 virtual ~Car() = default;

3 void Drive(eDirect d) const

4

5 printf("driving a 4WD: %d\n", Is4WD());
6 3

7

8 virtual bool Is4WD() const = 0;

9};

10

[

1 struct Tesla : public Car {

12 bool Is4WD() const override { return false; }
13 };

14

15 struct Toyota : public Car {

16  bool Is4WD() const override { return true; }
17 };

18

19 void DriveCar(Car& vehicle);
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Curiously Recurring Template Pattern

= Curiously Recurring Template Pattern (CRTP) refers to 1 template<class T>
the case when a class is derived from a class template : djjs B
that owns itself as a class template. 43;
. . . 5
= Basically, CRTP corresponds to static polymorphism. & class Derived
7 : public Base< Derived > {
8 M coo
9};
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Static polymorphism using CRTP

template<typename T>
struct Car {
void Drive(eDirect d) const

printf("driving a 4WD: %d\n",
static_cast<const T*>(this)->Is4WD());
}
b
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10 struct Tesla : public Car<Tesla> {

11 bool Is4WD() const { return false; }
12 };

13

14 struct Toyota : public Car<Toyota> {
15  bool Is4WD() const { return true; }
16 };

17

18 template<typename T>

19 void DriveCar(T& vehicle);
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Curiously Recurring Template Pattern

class CharStorage {
static constexpr int mSize{5};

1
2
3
4 public:

5 char mData[mSize]{};
6

7

8

9

charx begin() { return mData; }
const charx begin() const { return mData; }
charx end() { return mData + mSize; }
10 const charx end() const { return mData + mSize; }
11
12 char& front() { return xbegin(); }
13 char& back() { return skstd::prev(end()); }
14 auto size() const

15
16 return std::distance(begin(), end());
17}
18 char& operator[](size_t i)
19 A
20 return xstd::next(begin(), 1i);
21}
22 };
9 Andreas Fertig Exploring Polymorphism in C++
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Curiously Recurring Template Pattern

1 template<typename T>
2 class Container {
3 T& impl() { return kxstatic_cast<T*>(this); }
const T& impl() const { return skstatic_cast<const T*>(this); }

4
5
6 public:

7 auto& front() { return ximpl().begin(); }

8 auto& back() { return xstd::prev(impl().end()); }

9 auto size() const { return std::distance(impl().begin(), impl().end()); }
10 auto& operator[](size_t i) { return kstd::next(impl().begin(), i); }

11}

12

13 class CharStorage : public Container<CharStorage> {

14  static constexpr int mSize{5};

16 public:
17 char mData[mSize]{};
18

19  charx begin() { return mData; }
20 const charx begin() const { return mData; }
21 charx end() { return mData + mSize; }
22 const charx end() const { return mData + mSize; }
23 };
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Policy based design
“ In brief, policy-based class design fosters assembling a class with complex behavior out of many little classes (called
policies), each of which takes care of only one behavioral or structural aspect. ”

— Alexandrescu [1]

3

“ A policy is a class or class template that defines an interface as a service to other classes. ’

— Lischner [2]

“ Traits define type interfaces, and policies define function interfaces, so they are closely related. ”

— Lischner [2]
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The deleter policy of std: :unique_ptr

s A std::unique_ptr takes not one but two parameters.
= The second, often defaulted parameter is the deleter.

1 struct COMLikeObject {

2 ~COMLikeObject() = default;
3

4 void Release();

5 void Fun();

6 };

7

8 void Deleter (COMLikeObjectk obj)
9 {

10 obj->Release();

11 delete obj;

12}

13

14 void Use()

15 {
16 auto obj = std::unique_ptr<COMLikeObject, void (x)(COMLikeObjects)>(
17 new COMLikeObject{}, Deleter);
18
19  static_assert(sizeof(obj) == (sizeof(COMLikeObjectx) % 2));
20 }
9 Andreas Fertig Exploring Polymorphism in C++

The deleter policy of std: :unique_ptr

» Astd::unique_ptr takes not one but two parameters.
= The second, often defaulted parameter is the deleter.

struct COMLikeObject {
~COMLikeObject() = default;

1

2

3

4 void Release();
5 void Fun();
6};

7

8

9

struct MyDeleter {
void operator()(COMLikeObjectx obj)

10 {

11 obj->Release();
12 delete obj;
13}

14 };

15

6 void Use()

17 {

18 auto obj = std::unique_ptr<COMLikeObject, MyDeleter>(new COMLikeObject{});
19

20 static_assert(sizeof(obj) == (sizeof(COMLikeObjectx)));

21 }

i
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The sort policy of std: :sort

std::array data{6, 7, 4, 2};
std::sort(data.begin(), data.end());
struct MylLess {

bool operator()(int a, int b) const {
bs

0 NV s WN R

9 // different policy, same algorithm, sa
10 std::sort(data.begin(), data.end(), MyL

return a < b; }

me code/function

ess{});
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Policy design decision

= When working with a policy, we have a design decision to make:

» Derive from the policy
= Store a data member of the policy type.
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Policy design - Example

1 template<typename T, size_t SIZE>
2 struct Array {
3 T mData[SIZE];

4
5 T& operator[](size_t idx) { return mData[idx]; }
6};
7
8 void Use()
LR
10 Array<int, 2> ai{3, 5};
11
12 printf("%d\n", ai[2]);
13 }
9 Andreas Fertig Exploring Polymorphism in C++ 12

Policy design - Example

1 template<typename T, size_t SIZE, bool checked = false>
2 struct Array {
3 T mData[SIZE];

4
5 T& operator[](size_t idx)

6

7 if constexpr (checked) { assert(idx < SIZE); }
8

9 return mData[idx];

0 }

11 };

12

13 void Use()

14 {

15  Array<int, 2> ai{3, 5};

16 printf("%d\n", ai[2]);

17

18 Array<int, 2, true> safe{3, 5};
19 printf("%d\n", safe[2]);

20 }
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Policy design - Example

struct Unchecked {
void operator()(size_t idx, size_t max) {}

};

1
2
3
4
5 template<typename T, size_t SIZE, typename CheckingPolicy = Unchecked>
6 struct Array {

7 T mData[SIZE];

8

9

T& operator[](size_t idx)

11 CheckingPolicy{}(idx, SIZE);
12 return mData[idx];

13}

14 };

16 struct Checked {
17 void operator()(size_t idx, size_t max) { assert(idx < max); }
18 };

N
S

void Use()

21 {

22 Array<int, 2> ai{3, 5};
23 printf("%d\n", ai[2]);

25  Array<int, 2, Checked> safe{3, 5};
printf("%d\n", safe[2]);

26
Pe
m Andreas Fertig Exploring Polymorphism in C++
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Policy-based design

= Each policy creates a new type and potential code!

= That code is fast! No vtable lookup and no space overhead.
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Used Compilers & Typography

Used Compilers

= Compilers used to compile (most of) the examples.

= GCC13.2.0
= Clang 17.0.0

Typography
» Main font:

» Camingo Dos Pro by Jan Fromm (https://janfromm.de/)

» Code font:

» CamingoCode by Jan Fromm licensed under Creative Commons CC BY-ND, Version 3.0 http://creativecommons.org/licenses/by-nd/3.0/
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Upcoming Events

Talks

u (++20's Coroutines for Beginners, C++0nline, March o1
u (++20 Coroutinen - Ein Einstieg, ADC, May 07
Training Classes

u A day with coroutines, C++0Online, March o4

u (++20 Coroutinen - Ein Einstieg, ADC, May 06

For my upcoming talks you can check https://andreasfertig.com/talks/.
For my courses you can check https://andreasfertig.com/courses/.
Like to always be informed? Subscribe to my newsletter: https://andreasfertig.com/newsletter/.
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About Andreas Fertig

Andreas Fertig, CEO of Unique Code GmbH, is an experienced trainer and consultant
for C++ for standards 11 to 23.

Andreas is involved in the C++ standardization committee, developing the new stan-
dards. At international conferences, he presents how code can be written better. He
publishes specialist articles, e.g., for iX magazine, and has published several text-
books on C++.

With C++ Insights (https://cppinsights.io), Andreas has created an internationally rec-
ognized tool that enables users to look behind the scenes of C++ and thus under-
stand constructs even better.

Before training and consulting, he worked for Philips Medizin Systeme GmbH for ten
years as a C++ software developer and architect focusing on embedded systems.

You can find Andreas online at andreasfertig.com.
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