10/19/2026

C++ Under the Hood:

Internal Class Mechanisms
version 1.5
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C++ Under the Hood: Internal Class Mechanisms

| find it much easier to use something correctly,
if | can understand what itis doing inside and why.

We are going to talk about the internal C++ class mechanisms:
* C++ Onion

* Object Footprints

* Inheritance and Polymorphic mechanisms,

* Construction / Destruction order,

* Data Pointers / Member Data Pointers,

* Function Pointers / Member Function Pointers,
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C++ Under the Hood: (Internal Class Mechanisms)

About Me: Chris Ryan, Palm Springs area, Ca, USA
Linkedin.com/in/chrisr98008
(No blind invites! Tell me how we know each other)

* Classically trained in Computer Systems Engineering (SW & HW),
» Well experienced in Modern C++ & Classic ‘C’,
* WG21/1S0O C++ Standards Committee member, EWG.

* Large Scale, Complex Problem Spaces, Simple Solutions
* Firmware & Embedded (large & small),

 Prefer Windows, because that is what | know,
* Win32/64 SDK/MFC, Firmware/Embedded, Bare Metal, Linux

» Worked in many domains, for many companies:

* Number Crunching « Data Engines
* Business / Internet « Scientific / Medical
» Networking / Protocols * Engineering / Robotics

* Low-Level Operating System Internals

| believe in reducing complexity through simplification

C++ Under the Hood - The Onion
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C++ Under the Hood - The Onion
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C++ Under the Hood - The Onion (abused inheritance, low cohesion)

C++ Under the Hood

Object Memory Footprint v-table Mechanism
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C++ Under the Hood
]

intFoo(...){...};
b

structB{
intFoo(...){...};
2

structC{
intc;
intFoo(...){...};
2

A::Foo(...){...}

B::Foo(...){...}

C::Foo(...){...}

C++ Under the Hood

intFoo(...){...};
k

structB:A{

13

intFoo(...){...};

structC:B{

intc;
intFoo(...){..};
k

A::Foo(...){...}

B::Foo(...){...}

C::Foo(...){...}

10

10
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C++ Under the Hood
truct A .
s ir:tca; : 0 A::'v_table'= {A::Bar}; ACA()
AL 4 _ A:Bar(...){...}
virtualint Bar(...){...}; A::Foo(...){...}
intFoo(...){...};;
k
struct B{ .
intb; B __v_table_ptr B::'v_table'= {B::Bar}; Bu:B(...) {1}
B(...){...} 4 b B::Bar(...){...}
virtualint Bar(...){...; B::Foo(...){...}
intFoo(...){...};
¥
struct C{
intc; c _v_table_ptr C::'v_table'= {C::Bar}; CuCe) {1
Cla) ik c C:Bar(...){...}
virtualint Bar(...){...}; C:Foo(...){..}
intFoo(...){...};
h
1
11
C++ Under the Hood
truct A .
: ir:tca; : 0 A:'v_table'= {A::~A, A::Bar}; ACA)
Al) (- 1 BN Az~A( {..}
virtual ~ ~A(){...} A:Bar(...){...}
virtualint Bar(...){...}; As:Foo(...){...}
intFoo(...){...};
k
struct B{ .
inth; 0 B __v_table_ptr B::'v_table'= {B::~B, B::Bar}; BuB(..){-.}
B(..){..} 4 b B:~B(){...}
virtual ~ ~B(){...} B::Bar(...){...}
virtualint Bar(...){...}; B::Foo(...){...}
intFoo(...){...};
¥
struct C{ = o
intc; 0 c __v_table_ptr C::'v_table'={C::~C, C::Bar}; CiClew) (-}
Cle) 4 c CiCl)ink
virtual  ~C(){...; C:Bar(...){...}
virtualint Bar(...){...}; C::Foo(...) {...}
intFoo(...){...};
b
12
12



C++ Under the Hood

tructA{
s ir:tca; A::'v_table'= {A:~A, A::Bar}; ACA()
Ak Az~A( L}
virtual ~ ~A(){...} A:Bar(...){..}
virtualint Bar(...) {...} A::Fool...) {...}
intFoo(...){...};
k
structB:A{ .
intb; B::'v_table'= {B::~B, B::Bar}; BBC-E-)
B(.){-.k B:~B(){..}
virtual ~ ~B(){..} B::Bar(...){...}
virtualint Bar(...) {...}; B::F0O(...) {...}
intFoo(...){...};
k
struct C:B{
intc; C:C(...){...}
Cl) (), C::'v_table'={C::~C, C::Bar}; CunC(){.n}
virtual ~ ~C(){...} C:Bar(...){...}
virtualint Bar(...){...}; C::Foo(...) {...}
intFoo(...){...};
k
13
13
C++ Under the Hood
struct A{ e
inta; 0 A:'v_table'= {A::~A, A:Bar}; ACAL )}
Al 4 _ An~A() {3
vitual ~ ~A(){...} A:Bar(...){..}
virtualint Bar(...){...}; AzF00(...) {...}
intFoo(...){...};
k
struct B{
A a; of B B::'v_table'= {B::~B, B::Bar}; B:B(...){.}
intb; B::~B(){...}
B(...){...}; 4 ab A:'v_table'= {A:~A, A::Bar}; B::Bar(...){..}
vitual - ~B(){...; 8 B:F00(...) {...}
virtualint Bar(...) {...};
intFoo{..) (. 12
k
struct C{
B b; C::'v_table'= {C::~C, C::Bar; GGl -}
intc; e m—— — CiCO{..}
e Cle) B0 v table pr_] Bi:v_table'= {B::~B, B::Bar) CuBar(...){..}
x:;ﬂz:int I;::r(()(){}‘}, A::'v_table'= {A::~A, Az:Bar}; C:Foo(...) {...}
intFoo(...){...};
’ [b [ |
14

14
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C++ Under the Hood

structA
inta; . 0 A:'v_table'= {A::~A, A::Bar}; AA()
A} 4 [a] [ | ] Az~A() {2
vitual ~ ~A(){...} A:Bar(...){...}
virtualint Bar(...){...};
k
struct B{
intb; o B[ v table_ptr B::'v_table'= {B::~B, B::Bar}; BuB(){-}
B(.){..k 4 b B:~B(){...}
vitual  ~B(){...}; B::Bar(...){...}
virtualint Bar(...){...}; B::F00(...) {...}

intFoo(...){...};

structC:A{

B b; C g TS iRt CuC(.) {3
e ‘ C::A_'v_table'= {C::~C, C::Bar}; LA
Cl..) b C:Bar(...){...}

virtual  ~C(){...;

Bb

virtualint Bar(...) {...}; 7v7tablr7ptr B::B_'v_table'={B::~B, B::Bar};
h b
[ [ [ ]
15
15
C++ Under the Hood
structA{
inta; 0 A::'v_table'= {A:~A, A::Bar}; AA()

A (e af . ] Az~A( (..}
virtual ~ ~A(){..}; A:Bar(...){...}
virtualint Bar(...){...};

k
struct B{
intb; o|B __v_table_ptr B::'v_table'= {B::~B, B::Bar}; BuB(..) {...}

Bl (b al o BB {..}
virtual ~ ~B(){..}; B::Bar(...){...}
virtual'imBar(...){...); B::Foo(...){...}

intFoo(...){...};
b
structC: A, B{ S
S Cl)ik: C::A_'v_table'={C::~C, C::Bar}; gi(:()){‘}}
virtual ~C()(...);’ 4 _ C:Bar(...){...}
virtualint Bar(...){...}; | " " "
¥ __v_table_ptr | C::B_'v_table'={C::~C_adj8, C::Bar_adj8}; C::~C_adj8(){...}
b C::Bar_adj8(){...}
[c
16
16



C++ Under the Hood - One object, Multiple this pointers

struct A {
int af};

A { cout << "A::AQ) this=" << this << S
virtual ~A() { cout << "A::~A() this=" << this << L
virtual void Bar() { cout << "A::Bar() this=" << this << '"\n'; }

¥
struct B {
int b{};

B() { cout << "B::BQ) this=" << this << '\n'; }
virtual ~B() { cout << "B::~B() this=" << this << '\n'; }
void Foo() { cout << "B::Foo() this=" << this << '\n'; }

&
struct C : A, B {
int e{};

C() { cout << "C::CQ) this=" << this << '\n'; }
virtual ~C() { cout << "C::~C() this=" << this << '\n'; }
virtual void Bar() { cout << "C::Bar() this=" << this << '\n'; Foo(); }

¥

int main() {
€ o3 Cx pC = &c; Ex pB = &c; Ax pA = &c;
cout << "\npA=" << pA << " pA->Bar();\n"; pA->Bar();
cout << "\npC=" << pC << " pC—=>Foo();\n"; pC->Foo();

cout << "\n';

3
Igodbolt.org/z/77Wch4er I

::A() this =
::B() this =
1:C() this =

::Bar() this
::Foo() this
::Foo() this

::~C() this
::~B() this

= B3CFFeF8

= B3CFF6F8

A() this

17

17

C++ Under the Hood - Inheritance & Construction

18

18
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C++ Under the Hood - Inheritance vs. Aggregation / Composite

Inheritance
. Is-a

Aggregation / Composite
. Has-a

A Person has a Name
A Personis NOT a Name

struct Person

{

string name;
date dob;

// ...
};

struct Employee :

{

Person

uint id;
An Employee is a Person /] ...
¥
19
19

C++ Under the Hood - Inheritance & Initialization
struct LegacyDependency
{

int legacyld:

|LegacyDependency[int id)l: legacyId(id) {}
class Widget : public|LegacyDependency public:
{ et
private:

const int m_id;

std::string& m_externalRef;

struct NoDefault

{

double val;
NoDefault{double val) :val(val) {3}

} m_noDefaultObj;

std::string m_name;

std::vector<int> m_largeData;

int m_width;

int m_area;

std: :unique_ptr<int> m_ptr;

int m_version = 1;

static const int s_maxLimit = 100;
public:

Igodbolt.org/z/77Wch4er I
20
20
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C++ Under the Hood -

struct LegacyDependency
{

int legacyld;
LegacyDependency(int id) : legacyId(id) {}

class Widget : public LegacyDependency 1 public:
{ R
private:
const int m_id; 2
std::string& m_externalRef; 3

Widget(int id, std::string& ref, std::string name,
struct NoDefault

std::vector<int> data, int width, int baseId)
{ 1 : LegacyDependency(baseId)

double val; 2, m_id(id)

NoDefault(double val) :val(val) {} 3, m_externalRef(ref)

} m_noDefaultObj; 4 4, m_noDefaultObj(3.14)

std::string m_name;5

std: :vector<int> m_largeData; 6

int m_width;

int m_area;

std: :unique_ptr<int> m_ptr;7

int m_version = 1;8 {1

static const int s_maxLimit = 100; };
public:

Igodbolt.org/z/77Wch4er I

21
21
C++ Under the Hood -
struct LegacyDependency
{
int legacyld;
LegacyDependency(int id) : legacyId(id) {}
b
class Widget : public LegacyDependency 1 public:
{ —egett——
private:
const iﬂF m_id;2 // The Constructor demenstrating all 10 flavors
std::string& m_externalRef; 3 Widget(int id, std::string& ref, std::string name,
struct NoDefault std::vector<int> data, int width, int baseId)
{ 1. LegacyDependency(baseId)
double val; 2, m_id(id)
NoDefault(double val) :val(val) {3} 3 , m_externalRef(ref)
} m_noDefaultObj; 4 4 , m_noDefaultObj(3.1u4)
std::string ﬁvname;5 5, m_name(std: :move(name))
std: :vector<int> m,largeData;G 6 ., m_largeData(std::move(data))
?nt m_width;7 7 + m_width(width)
int mﬁA?Ea;S 8, m_area(m_width * m_width)
std: :unique_ptr<int> m_ptr; 9 9, m_ptr{std: :make_unique<int>(42))
int m_version = 1;10 {1
static const int s_maxLimit = 100; +;
public:
Igodbolt.org/z/77Wch4er I
22

22
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C++ Under the Hood - More construction/initialization examples

struct Person

{
std: :string name{};
std: :string address{};
int age{};
Person() {};

by

23

23

C++ Under the Hood - More construction/initialization examples
struct Person
{

std: :string name{};

std::string address{};

int age{};

Person() {};
Person(std::string name, std::string address, int age)
{

name = name;

age =

i
address = address;

1
s

24

24
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C++ Under the Hood - More construction/initialization examples
struct Person
{

std: :string name{};

std::string address{};

int age{};

Person() {};
Person(std::string name, std::string address, int age)
: name(name), age(age), address(address) {}

25
25
C++ Under the Hood - More construction/initialization examples
struct Person
{
std: :string name{};
std::string address{};
int age{};
Person() {};
Person(std::string name, std::string address, int age)
: name(name), age(age), address(address) {}
1
struct Student : public Person
{
float marks{};
Student() {};
}
26
26
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C++ Under the Hood - More construction/initialization examples

struct Person

{
std: :string name{};
std::string address{};
int age{};
Person() {};
Person(std::string name, std::string address, int age)
: name(name), age(age), address(address) {}
¥;
struct Student : public Person
{
float marks{};
student() {};
Student(std::string name, std::string address, int age, float marks) :
marks(marks)
{
}
¥

27
27
C++ Under the Hood - More construction/initialization examples
struct Person
{
std::string name{};
std: :string address{};
int age{};
Person() {};
Person(std: :string name, std::string address, int age)
: name(name), age(age), address(address) {}
b
struct Student : public Person
{
float marks{};
Student() {};
Student(std: :string name, std::string address, int age, float marks) :
marks(marks)
£
Person::name = name;
Person::age = age;
Person: :address = address;
¥
b
28

28
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C++ Under the Hood - More construction/initialization examples

struct Person

{
std: :string name{};
std::string address{};
int age{};

Person() {};
Person(std: :string name, std::string address, int age)
: name(name), age(age), address(address) {}

};

struct Student : public Person

{
float marks{};

Student() {};

Student(std::string name, std::string address, int age, float marks) :
Person(name, address, age),
marks(marks)

{

}

29
29
C++ Under the Hood - Inheritance Hierarchy
ﬂ !
30
30
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C++ Under the Hood - Inheritance Hierarchy

class A
{
int a{};
std: :string stra{};
public:
AQ) { Bar(); 1}
virtual ~A() { Bar(); 1}

virtual veid Feo() {

std::cout << "A::Foo()"; }

void Bar() { Foo(); }
15
class B : public A
{
int b{};
std: :string strB{};
public:
BO) { Bar(); }
virtual ~B() { Bar(); 1}
virtual void Foo() { std::cout << "B::Foo()"; }
B
31
31
C++ Under the Hood - Inheritance Hierarchy
class A
{
i 20 :
std: :string stra{};
public: 4 _
a0 ) :
virtual ~A(Q) { Bar(); 1}
virtual void Foo() { std::cout << "A::Foo()"; }
void Bar() { Foo(); }
15
class B : public A B
f :
- {r B
std: :string strB{}; 8
public:
BQ) { Bar(); } 12 b
virtual ~B() { Bar(); 1}
16 strB
virtual void Foo() { std::cout << "B::Foo()"; }
B
32
32
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C++ Under the Hood —__vfptr

class A

{

hidden v_table * '__vfptr';

int al}; 0
std: :string stra{};

public: 4 _
oy ) ;
virtual ~A(Q) { Bar(); 1}

virtual void Foo() { std::cout << "A::Foo()"; }

void Bar() { Foo(); }
15
class B : public A B
f :
int bi}; " B
std: :string strB{}; 8
public:
BO) { Bar(); } 12 b
virtual ~B() { Bar(); 1}
16 strB
virtual void Foo() { std::cout << "B::Foo()"; }
B
33
33
C++ Under the Hood - __vfptr & vftable (virtual function pointer & table)
class A
{
static A::'vftable'[] = { A::~A(), A::Foo() }
hidden v_table * '__vfptr';
int a{};
std: :string stra{};
public:
AQ) { Bar(); 1}
virtual ~A() { Bar(); 1}
virtual void Foo() { std::cout << "A::Foo()"; }
void Bar() { Foo(); }
15
class B : public A
{
static B::'vftable'[] = { B::~B(), B::Foo() }
int b{};
std: :string strB{};
public:
BO) { Bar(); }
virtual ~B() { Bar(); 1}
virtual void Foo() { std::cout << "B::Foo()"; }
B
34
34
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C++ Under the Hood - C’tor (Constructor Implementation)

class A
{
static A::
hidden v_table * '__vfptr’;
int a{};
std: :string stra{};
public:
AQ { Bar(); 1} A::AQ)
virtual ~A() { Bar(); 1}

virtual void Foo() { std::cout << "A::Foo()"; }

: __vfptr(A::'vftable'), a(@), strAQ), { Bar(Q); ...;

‘vftable'[] = { A::~AQ), A::Foo() }

void Bar() { Foo(); }
h
class B : public A
{
static B::'vftable'[] = { B::~B(), B::Foo() }
int b{};
std: :string strB{};
public:
BQ) { Bar(); 1} B::B() : A(Q), __vfptr(B::'vftable'), b(®), strB(), { Bar(); ...; }
virtual ~B() { Bar(); 1}
virtual void Foo() { std::cout << "B::Foo()"; }
| H
35
35
C++ Under the Hood - D’tor (Destructor Implementation)
class A
{
static A::'vftable'[] = { A::~A(), A::Foo() }
hidden v_table * '__vfptr';
int a{};
std: :string stra{};
public:
AQ) { Bar(); 1} A::A() : __vfptr(A::'vftable'), a(®), strA(), { Bar(); ...; }
virtual ~AQ) { Bar(); 1} A::~A(Q) @ __vfptr(A::'vftable'), { Bar(); ... }, ~strl()
virtual void Foo() { std::cout << "A::Foo()"; }
void Bar() { Foo(); }
15
class B : public A
{
static B::'vftable'[] = { B::~B(), B::Foo() }
int b{};
std: :string strB{};
public:
B() { Bar(); 1} B::B() : A(), __vfptr(B::'vftable'), b(e®), strB(), { Bar(); ...; }
virtual ~8() { Bar(); 1} B:r:~B() : __vfptr(B::'vftable'), { Bar(); ... }, ~str2(), ~AQ)
virtual void Foo() { std::cout << "B::Foo()"; }
B
36
36
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C++ Under the Hood - Construction & Destruction

37
37
C++ Under the Hood - Construction
class A
{
static A::'vftable'[] = { A::~A(D, A::Foo() }
hidden v_table * '__vfptr';
int a{};
std: :string stra{};
public:
AQ) { Bar(); 1} A::A() : __vfptr(A::'vftable'), a(®), strA(), { Bar(); ...; }
virtual ~AQ) { Bar(); 1} A:i~A() @ __vfptr(A::'vftable'), { Bar(); ... }, ~strl()
virtual void Foo() { std::cout << "A::Foo()"; }
void Bar() { Foo(); }
b¥
class B : public A
{
static B::'vftable'[] = { B::~B(), B::Foo() }
int b{};
std: :string strB{};
public:
B() { Bar(); 1} B::B() : A(), __vfptr(B::'vftable'), b(e®), strB(), { Bar(); ...; }
virtual ~8() { Bar(); 1} B::~B() : __vfptr(B::'vftable'), { Bar(); ... }, ~str2(), ~AQ)
virtual void Foo() { std::cout << "B::Foo()"; }
5
38
38
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C++ Under the Hood - Construction

class A
{
static A::'vftable'[] = { A::~A(), A::Foo() }
hidden v_table * '__vfptr';
int a{};
std: :string stra{};
public:
AQ) { Bar(); 1} A::AQ) @ __vfptr(A::'vftable'), a(@), strA(), { Bar(); ...; }
virtual ~AQ) { Bar(); 1} A::~A(Q) @ __vfptr(A::'vftable'), { Bar(); ... }, ~strl()
virtual void Foo() { std::cout << "A::Foo()"; }
void Bar() { Foo(); }
15
class B : public A
{
static B::'vftable'[] = { B::~B(), B::Foo() }
int b{};
std: :string strB{};
public:
Q) { Bar(); 1} B::B() : A(), __vfptr(B::'vftable'), b(e®), strB(), { Bar(); ...; }
irtual ~B() { Bar(); 1} B::~B() : __vfptr(B::'vftable'), { Bar(); ... }, ~str2(), ~AQ)
virtual void Foo() { std::cout << "B::Foo()"; }
}
39
39
C++ Under the Hood - Construction (construct base members)
class A
{
static A::'vftable'[] = { A::~A(), A::Foo() }
hidden v_table * '__vfptr';
int a{};
std: :string stra{};
public:
AQ) { Bar(); 1} A::AQ) @ __vfptr(A::'vftable'), a(@), stra(), { Bar(); ...; }
virtual ~A() { Bar(); 1} Az:~A() : __vfptr(A::'vftable'), { Bar(); ... }, ~strl(Q)
virtual void Foo() { std::cout << "A::Foo()"; }
void Bar() { Foo(); }
¥
class B : public
{
static B::'vftable'[] = { B::~B(), B::Foo() }
int b{};
std: :string strB{};
public
@ LA T ;Bz:B() TTAQ), __vfptr(B::'vftable'), b(e), strB(), { Bar(); ...; }
irtual ~B() { Bar(); 1} B::~B() : __vfptr(B::'vftable'), { Bar(); ... }, ~str2(), ~AQ)
virtual void Foo() { std::cout << "B::Foo()"; }
}
40
40
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C++ Under the Hood - Construction (construct base members)

class A
{
static A::'vftable'[] = { A::~A(), A::Foo() }
hidden v_table * '__vfptr';
int a{};
std: :string stra{};
public:
AC { Bar(); 1} A::A() : __vfptr(A::'vftable'), a(®), strA(), { Bar(); ...; }
vi { Bar(); 1} A::~A(Q) @ __vfptr(A::'vftable'), { Bar(); ... }, ~strl()

virtua®void Foo() { std::cout << "A::Foo()"; }

void Bar { Foo(); }
15
class B : public
{
static B::'vftable'[] = { B::~B(), B::Foo() }
int b{};
std: :string strB{};
public:
) e S I ;3::B() :A(), __vfptr(B::'vftable'), b(@), strB(), { Bar(); ...; }
irtual ~B() { Bar(); 1} B::~B() : __vfptr(B::'vftable'), { Bar(); ... }, ~str2(), ~AQ)
virtual void Foo() { std::cout << "B::Foo()"; }
}
41
41
C++ Under the Hood - Construction
class A
{
static A::'vftable'[] = { A::~A(), A::Foo() }
hidden v_table * '__vfptr';
int a{};
std: :string stra{};
public: %
AC i ‘rA::A[) 1 __vfptr(A::'vftable'), a(®), strA(), { Bar(); ...; }
vii { Bar(); 1} A::i~A() @ __vfptr(A::'vftable'), { Bar(); ... }, ~strlQ)
virtua®void Foo() { std::cout << "A::Foo()"; }
void Bar { Foo(); }
15
class B : public
{
static B::'vftable'[] = { B::~B(), B::Foo() }
int b{};
std: :string strB{};
public:
(@ e ;3::B() :A(), __vfptr(B::'vftable'), b(@), strB(), { Bar(); ...; }
irtual ~B() { Bar(); 1} B::~B() : __vfptr(B::'vftable'), { Bar(); ... }, ~str2(), ~AQ)
virtual void Foo() { std::cout << "B::Foo()"; }
}
42
42
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C++ Under the Hood - Construction (construct members)

class A
{
static A::'vftable'[] = { A::~A(), A::Foo() }
hidden v_table * '__vfptry;
int a{};
std: :string stra{};
public:
AQ) { Bar(); 1} Az:AQ)  : ™vfptr(A:: vftable'), a(@), strA(), { Bar(); ...; }
virtual ~AQ) { Bar(); 1} A::~A() @ __vfptr(A::'vftable'), { Bar(); ... }, ~strl()
virtual void Foo() { std::cout << "A::Foo()"; }
void Bar() { Foo(); }
15
class B : public A
{
static B::'vftable'[] = { B::~B(), B::Foo() }
int b{};
std: :string strB{};
public:
B() { Bar(); 1} B::B() : A(), __vfptr(B::'vftable'), b(e®), strB(), { Bar(); ...; }
virtual ~B() { Bar(); 1} B::~B() : __vfptr(B::'vftable'), { Bar(); ... }, ~str2(), ~AQ)
virtual void Foo() { std::cout << "B::Foo()"; }
B
43
43
C++ Under the Hood - Construction (set this v_table)
class A
{
static A::'vftable'[] = { A::~A(), A::Foo() }
hidden v_table * '__vfptr';
int af};
std: :string stra{};
public:
AQ) { Bar(); 1} A::AQ) @ __vfptr(A::'vftable'), a(@), strA(), { Bar(); ...; }
virtual ~AQ) { Bar(); 1} A::~A(Q) @ __vfptr(A::'vftable'), { Bar(); ... }, ~strl()
virtual void Foo() { std::cout << "A::Foo()"; }
void Bar() { Foo(); }
15
class B : public A
{
static B::'vftable'[] = { B::~B(), B::Foo() }
int b{};
std: :string strB{};
public:
B() { Bar(); 1} B::B() : A(), __vfptr(B::'vftable'), b(e®), strB(), { Bar(); ...; }
virtual ~B() { Bar(); 1} B::~B() : __vfptr(B::'vftable'), { Bar(); ... }, ~str2(), ~AQ)
virtual void Foo() { std::cout << "B::Foo()"; }
B
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C++ Under the Hood - Polymorphism During Construction

class A
{
static A::'vftable'[] = { A::~A(), A::Foo() }
hidden v_table * '__vfptr';
int a{};
std: :string stra{};
public:
AQ) { Bar(); 1} A:z:AQ) @ __vfptr(A::'vftable'), a(@), strAQ) f=Bar(); ...; }
virtual ~A() { Bar(); 1} Azi~A(Q) @ __vfptr(A:: ' yfisbleddemet=pgeyT]). . }, ~strl()
virtual void Foo() { sid.a R::Foo()"; }
void Bar()=== { Foo(); }
15
class B : public A
{
static B::'vftable'[] = { B::~B(), B::Foo() }
int b{};
std: :string strB{};
public:
B() { Bar(); 1} B::B() : A(), __vfptr(B::'vftable'), b(e®), strB(), { Bar(); ...; }
virtual ~B() { Bar(); 1} B::~B() : __vfptr(B::'vftable'), { Bar(); ... }, ~str2(), ~AQ)
virtual void Foo() { std::cout << "B::Foo()"; }
B
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C++ Under the Hood - Polymorphism During Construction
class A
{
static A::'vftable'[] = { A::~A(), A::Foo() }
hidden v_table * '__vfptr';
int a{};
std: :string stra{};
public:
AQ) { Bar(); A:z:AQ) @ __vfptr(A::'vftable'), a(@), strAQ) f=Bar(); ...; }
virtual ~A() { Bar(); § } Azi~A(Q) @ __vfptr(A:: ' yfisbleddemet=pgeyT]). . }, ~strl()
virtual void Foo() { sid.a R::Foo()"; }
void Bar()=== i FGDCJ"I. }
15
class B : public A
{
static B::'vftable'[] = { B::~B(), B::Foo() }
int b{};
std: :string strB{};
public:
B() { Bar(); 1} B::B() : A(), __vfptr(B::'vftable'), b(e®), strB(), { Bar(); ...; }
virtual ~B() { Bar(); 1} B::~B() : __vfptr(B::'vftable'), { Bar(); ... }, ~str2(), ~AQ)
virtual void Foo() { std::cout << "B::Foo()"; }
B
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C++ Under the Hood - Polymorphism During Construction

class A
{
static A::'vftable'[] = { A::~AQ),_A::Foo() }
hidden v_table * '__vfptrde
int a{};
std::string strA{};
public:
AQ) { Bar(); A::A() @ __vfptr(A::'vftable'), a(e), stra() d=Bar(); ...; }
virtual ~AQ) { Bar();§ } Ari~AQ) @ __wfptr(A:: ' yfishleddem=f=prl). . }, ~strl()
virtual void Foo() { sid.s R::Foo()"; }
void Bar()===" £ FDD(J": }
}
class B : public A
{
static B::'vftable'[] = { B::~B(), B::Foo() }
int b{};
std::string strB{};
public:
B() { Bar(); 1} B::B() : A(), __vfptr(B::'vftable'), b(0), strB(), { Bar(); ...; }
virtual ~B() { Bar(); 1} B::~B() : __vfptr(B::'vftable'), { Bar(); ... }, ~str2(), ~AQ)
virtual void Foo() { std::cout << "B::Foo()"; }
¥
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C++ Under the Hood - Polymorphism During Construction
class A
{
static A::'vftable'[] = { A::~AQ), A::Fgal) }
hidden v_table * '__vfptrd
int a{};
std: :string stra{};
public:
AQ) A::AQ) @ __vfptr(A::'vftable'), a(@), strAQ) f=Bar(); ...; }
virtual ~A() Ar:~A() @ __vFptr(A:: ' yiiableddm=t=gaTT), ... }, ~strl()
virtual void Foo() { sid.a R::Foo()"; }
void Bar()=== i FGDCJ"I. }
15
class B : public A
{
static B::'vftable'[] = { B::~B(), B::Foo() }
int b{};
std: :string strB{};
public:
B() { Bar(); 1} B::B() : A(), __vfptr(B::'vftable'), b(e®), strB(), { Bar(); ...; }
virtual ~8() { Bar(); 1} B:r:~B() : __vfptr(B::'vftable'), { Bar(); ... }, ~str2(), ~AQ)
virtual void Foo() { std::cout << "B::Foo()"; }
B
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C++ Under the Hood - Construction

class A
{
static A::'vftable'[] = { A::~A(), A::Foo() }
hidden v_table * '__vfptr';
int a{};
std: :string stra{};
public:
AQ) { Bar(); } A::AC) @ __ufptr(A::'vftable'), a(@), strA(), { Bar(); ...; }
virtual ~A() { Bar(); 1} A::~A() : __vfptr(A::'vftable'), { Bar(); ... }, ~strl()
virtual void Foo() { std::cout << "A::Foo()"; }
void Bar() { Foo(); }
15
class B : public A
{
static B::'vftable'[] = { B::~B(), B::Foo() }
int b{};
std: :string strB{};
public:
B() { Bar(); 1} B::B() : A(), __vfptr(B::'vftable'), b(e®), strB(), { Bar(); ...; }
virtual ~B() { Bar(); 1} B::~B() : __vfptr(B::'vftable'), { Bar(); ... }, ~str2(), ~AQ)
virtual void Foo() { std::cout << "B::Foo()"; }
B
49
49
C++ Under the Hood - Construction
class A
{
static A::'vftable'[] = { A::~A(), A::Foo() }
hidden v_table * '__vfptr';
int a{};
std::string strA{};
public:
AQ) { Bar(); } A::AQ) @ _ _wfptr(A::'vftable'), a(@), strA(), { Bar(); ...; }
vir { Bar(); } Az:~A(Q) : __wfptr(A::'vftable'), { Bar(); ... I, ~strl()
virtual voi o() { std::cout << "A::Foo()"; }
void Bar() Foo(); }
}
class B : public A
{
static B::'vftable'[] = { B::~B(), B::Foo() }
int b{};
std::string strB{};
public:
BO) { Bar(); } B::B() (), __vfptr(B::'vftable'), b(0), strB(), { Bar(); ...; }
virtual ~B() { Bar(); 1} B::~B() : __vfptr(B::'vftable'), { Bar(); ... }, ~str2(), ~AQ)
virtual void Foo() { std::cout << "B::Foo()"; }
¥
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C++ Under the Hood - Construction (set this v_table)

class A
{
static A::'vftable'[] = { A::~A(), A::Foo() }
hidden v_table * '__vfptr';
int a{};
std: :string stra{};
public:
AQ) { Bar(); 1} A::AQ) @ __vfptr(A::'vftable'), a(@), strA(), { Bar(); ...; }
virtual ~AQ) { Bar(); 1} A::~A() @ __vfptr(A::'vftable'), { Bar(); ... }, ~strl()

virtual void Foo() { std::cout << "A::Foo()"

void Bar() { Foo(); }
15
class B : public A
{
static B::Yvftaple'[] = { B::~B(), B::Foo() }
int b{};
std: :string strB{};
public:
B() { Bar(); 1} B::B() : A(), _Mvfptr(B::'vftable'), b(@), strB(), { Bar(); ...; }
virtual ~B() { Bar(); 1} B::~B() : __vfptr(B::'vftable'), { Bar(); ... }, ~str2(), ~AQ)
virtual void Foo() { std::cout << "B::Foo()"; }
B
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C++ Under the Hood - Construction (construct members)
class A
{
static A::'vftable'[] = { A::~A(), A::Foo() }
hidden v_table * '__vfptr';
int a{};
std: :string stra{};
public:
AQ) { Bar(); 1} A::AQ) @ __vfptr(A::'vftable'), a(@), strA(), { Bar(); ...; }
virtual ~AQ) { Bar(); 1} A::~A(Q) @ __vfptr(A::'vftable'), { Bar(); ... }, ~strl()
virtual void Foo() { std::cout << "A::Foo()"; }
void Bar() { Foo(); }
15
class B : public A
{
static B::'vftable'[] = { B::~B(), B::Foo() }
int b{}; ===
std: :string strB{};
public: =i
B() { Bar(); 1} B::BEC) = AQ), ,,v-Fptr(B::‘thabte ﬁ 10!, strB(), { Bar(); ...; }
virtual ~8() { Bar(); 1} B:r:~B() : __vfptr(B::'vftable'), { Bar(); ... }, ~str2(), ~AQ)
virtual void Foo() { std::cout << "B::Foo()"; }
B
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C++ Under the Hood - Polymorphism During Construction

class A
{
static A::'vftable'[] = { A::~A(), A::Foo() }
hidden v_table * '__vfptr';
int a{};
std: :string stra{};
public:
AQ) A::A() : __vfptr(A::'vftable'), a(®), strA(), { Bar(); ...; }
virtual ~AQ) { __vfptr(A::'vftable'), { Bar(); ... }, ~stri(Q)

virtual void Foo() {

void Bar( {
15
class B : public A
{
static B::'vftabte'[] = { B::~B(), B::Fgo() }
int b{};
std: :string strB{};
public:
BQ) { Bar(Q); 3} - : AQ), __vfptr(B::'vftable'), b(@), strB(), { Bar(); ...; }
virtual ~8() { B::~B() : __vfptr(B::'vftable'), { Bar(); ... }, ~str2(), ~AQ)
virtual void Foo() { std::cout << "B::Foo()"; }
B
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C++ Under the Hood - Construction
class A
{
static A::'vftable'[] = { A::~A(), A::Foo() }
hidden v_table * '__vfptr';
int a{};
std: :string stra{};
public:
AQ) { Bar(); 1} A::A() : __vfptr(A::'vftable'), a(®), strA(), { Bar(); ...; }
virtual ~AQ) { Bar(); 1} A::~A(Q) @ __vfptr(A::'vftable'), { Bar(); ... }, ~strl()
virtual void Foo() { std::cout << "A::Foo()"; }
void Bar() { Foo(); }
15
class B : public A
{
static B::'vftable'[] = { B::~B(), B::Foo() }
int b{};
std: :string strB{};
public:
B() { Bar(d- 1 B::B() : AQ), __vfptr(B::'vftable'), b(®), strB(), { Bar(); ...; }
virtual ~B() { Bar(); 1} B::~B() : __vfptr(B::'vftable'), { Bar(); ... F, ~Str2tJ, ~ACJ
virtual void Foo() { std::cout << "B::Foo()"; }
B
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virtual void Foo() {

class A
{
hidden v_table * '__vfptr';
int a{};
std: :string stra{};
public:
AQ) { Bar(); }
virtual ~A() { Bar(); 1}

static A::

A::AQ)
Az:~A() -

std::cout << "A::Foo()"; }

C++ Under the Hood - Construction

'vftable'[] = { A::~A(), A::Foo() }

: __vfptr(A::'vftable'), a(®), stra(), { Bar(); ...; }

__vfptr(A::'vftable'), { Bar(); ... }, ~stri()

void Bar() { Foo(); }
15
class B : public A
{
static B::'vftable'[] = { B::~B(), B::Foo() }
int b{};
std: :string strB{};
public:
B() { Bar(d- 1 B::B() : AQ), __vfptr(B::'vftable'), b(®), strB(), { Bar(); ...; }
viktual ~B() { Bar(); 1} B::~B() : __vfptr(B::'vftable'), { Bar(); ... F, ~Str2tJ, ~ACJ
vifrtual void Foo() { std::cout << "B::Foo()"; }
B
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C++ Under the Hood - Fully Constructed
class A
{
static A::'vftable'[] = { A::~A(), A::Foo() }
hidden v_table * '__vfptr';
int a{};
std: :string stra{};
public:
AQ) { Bar(); 1} A::AQ) @ __vfptr(A::'vftable'), a(@), strA(), { Bar(); ...; }
virtual ~AQ) { Bar(); 1} A::~A(Q) @ __vfptr(A::'vftable'), { Bar(); ... }, ~strl()
virtual void Foo() { std::cout << "A::Foo()"; }
void Bar() { Foo(); }
15
class B : public A
{
static B::'vftable'[] = { B::~B(), B::Foo() }
int b{};
std: :string strB{};
public:
B() { Bar(); 1} B::B() : A(), __vfptr(B::'vftable'), b(e®), strB(), { Bar(); ...; }
virtual ~B() { Bar(); 1} B::~B() : __vfptr(B::'vftable'), { Bar(); ... }, ~str2(), ~AQ)
virtual void Foo() { std::cout << "B::Foo()"; }
B
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C++ Under the Hood - Destruction

class A
{
static A::'vftable'[] = { A::~A(), A::Foo() }
hidden v_table * '__vfptr';
int a{};
std: :string stra{};
public:
AQ) { Bar(); 1} A::AQ) @ __vfptr(A::'vftable'), a(@), strA(), { Bar(); ...; }
virtual ~AQ) { Bar(); 1} A::~A(Q) @ __vfptr(A::'vftable'), { Bar(); ... }, ~strl()
virtual void Foo() { std::cout << "A::Foo()"; }
void Bar() { Foo(); }
15
class B : public A
{
static B::'vftable'[] = { B::~B(), B::Foo() }
int b{};
std: :string strB{};
public:
B() { Bar(); 1} B::B() : A(), __vfptr(B::'vftable'), b(e®), strB(), { Bar(); ...; }
virtual ~B() SR et B::~B() : __vfptr(B::'vftable'), { Bar(); ... }, ~str2(), ~AQ)
virtual Joid Foo() { std::cout << "B::Foo()"; }
B
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C++ Under the Hood - Destruction (set this v_table)
class A
{
static A::'vftable'[] = { A::~A(), A::Foo() }
hidden v_table * '__vfptr';
int a{};
std: :string stra{};
public:
AQ) { Bar(); 1} A::AQ) @ __vfptr(A::'vftable'), a(@), strA(), { Bar(); ...; }
virtual ~AQ) { Bar(); 1} A::~A(Q) @ __vfptr(A::'vftable'), { Bar(); ... }, ~strl()
virtual void Foo() { std::cout << "A::Fo
void Bar() { Foo(); }
15
class B : public A
{
::'vfgable'[]1 = { B::~B(), B::Foo() }
int b{};
std: :string strB{};
public:
B() { Bar(); 1} B::BO) ), __vfpt®{B::'vftable'), b(e), strB(), { Bar(); ...; }
virtual ~B() { Bar(); 1} B::~B() : _N ::'v¥table'), { Bar(); ... }, ~str2(), ~AQ)
virtual void Foo() { std::cout << "B::Foo()"; }
B
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C++ Under the Hood - Polymorphism During Destruction

class A
{
static A::'vftable'[] = { A::~A(), A::Foo() }
hidden v_table * '__vfp
int a{};
std: :string stra{};
public
AQ) { Bar(); ::AQ) @ __vfptr(A::'vftable'), a(®), stra(), { Bar(); ...; }
virtual ~AQ) { Bar(); ::~A() @ __vfptr(A::'vftable'), { Bar(); ... }, ~strl(Q)

virtual void Foo() { std::fout << "A::Foo()";
void Bar( {
15

class B : public A

{
:i'vftable'[] = { B::~B(), B::Foo() }
int b{};
std: :string strB{};
public:
BQ) { Bar(); : AQ), __vfptr(B:: le'), b(@), strB(), { Bar(); ...; }
virtual ~B() { : __vfptr(B::'vftable'), ar(); ... }, ~str2(), ~A(Q)
virtual void Foo() { std::cout << "B::Foo()"; }
B
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C++ Under the Hood - Destruction (destruct members)
class A
{
static A::'vftable'[] = { A::~A(), A::Foo() }
hidden v_table * '__vfptr';
int a{};
std: :string stra{};
public:
AQ) { Bar(); 1} A::A() : __vfptr(A::'vftable'), a(®), strA(), { Bar(); ...; }
virtual ~AQ) { Bar(); 1} A::~A(Q) @ __vfptr(A::'vftable'), { Bar(); ... }, ~strl()
virtual void Foo() { std::cout << "A::Foo()"; }
void Bar() { Foo(); }
15
class B : public A
{
static B::'vftable'[] = { B::~B(), B::Foo() }
int b{};
std: :string strB{};
public:
B() { Bar(); 1} B::B() : AQ), __viptIlE —=rfeebbaid.b(0), strB(), { Bar(); ...; }
virtual ~B() { Bar(); 1} B::~B() : __vfptr(B::'vftable'), { Bar(); ... f, ~str2(), ~AQ)
virtual void Foo() { std::cout << "B::Foo()"; }
B
60
60

30



10/19/2026

C++ Under the Hood - Destruction (destruct base members)

class A
{
static A::'vftable'[] = { A::~A(), A::Foo() }
hidden v_table * '__vfptr';
int a{};
std: :string stra{};
public:
AQ) { Bar(); 1} A::AQ) @ __vfptr(A::'vftable'), a(@), strA(), { Bar(); ...; }
virtual ~AQ) { Bar(); 1} A::~A(Q) @ __vfptr(A::'vftable'), { Bar(); ... }, ~strl()

virtual void Foo() { std::cout << "A::Foo()"; }
void Bar() { Foo(); }
15

class B : public A

{
static B::'vftable'[] = { B::~B(), B::Foo() }
int b{};
std: :string strB{};
public:
B() { Bar(); 1} B::B() : A(), __vfptr(B::'vftable'), b(e), = i
virtual ~B() { Bar(); 1} B::~B() : __vfptr(B::'vftable'), { Bar(); ... }, ~str2(), ~AQ)
virtual void Foo() { std::cout << "B::Foo()"; }
B
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C++ Under the Hood - Destruction (destruct base members)
class A
{
static A::'vftable'[] = { A::~A(), A::Foo() }
hidden v_table * '__vfptr';
int a{};
std: :string stra{};
public:
AQ) { Bar(); 1} A::AQ) @ __vfptr(A::'vftable'), a(@), strA(), { Bar(); ...; }
virtual ~A0) { Bar(); 1} A::~A(Q) @ __vfptr(A::'vftable'), { Bar(); ... }, ~strl()
virtual void Foo() { std::cout << "A::Foo()"; }
void Bar() { Foo(); }
15
class B : public
{
‘vftable'[] = { B::~B(), B::Foo() }
int b{};
std: :string strB{};
public
BC) { Bar(); 3} : AQ), __vfptr(B::'vftable'), b(e), o |
virtual ~B() { Bar(); 1} B::~B() : __vfptr(B::'vftable'), { Bar(); ... }, ~str2(), ~AQ)
virtual void Foo() { std::cout << "B::Foo()"; }
B
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C++ Under the Hood - Destruction

class A
{
static A::'vftable'[] = { A::~A(), A::Foo() }
hidden v_table * '__vfptr';
int a{};
std: :string stra{};
public:
AQ) { Bar(); 1} A::A() : __vfptr(A::'vftable'), a(®), strA(), { Bar(); ...; }
virtual ~4() B, Ari~A() @ __vfptr(A::'vftable'), { Bar(); ... }, ~strl()

virtual void Foo() { std::cout << "A::Foo()"; }
void Bar() { Foo(); }
15

class B : public

{
static B::'vftable'[] = { B::~B(), B::Foo() }
int b{};
std: :string strB{};
public:
B() { Bar(); 1} B::B() : A(), __vfptr(B::'vftable'), b(e), = i
virtual ~B() { Bar(); 1} B::~B() : __vfptr(B::'vftable'), { Bar(); ... }, ~str2(), ~AQ)
virtual void Foo() { std::cout << "B::Foo()"; }
B
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C++ Under the Hood - Destruction (set this v_table)
class A
{
static A::'vftable'[] = { A::~A(), A::Foo() }
hidden v_table * '__vfptr'y
int a{};
std: :string stra{};
public:
AQ) { Bar(); 1} A::A(T™wg __vFptr(A:\'vftable'), a(®), strA(), { Bar(); ...; }
virtual ~AQ) { Bar(); 1} A::~A() @ ufptr(A::Vvftable'), { Bar(); ... }, ~strl()
virtual void Foo() { std::cout << "A::Foo()"; }
void Bar() { Foo(); }
15
class B : public A
{
static B::'vftable'[] = { B::~B(), B::Foo() }
int b{};
std: :string strB{};
public:
B() { Bar(); 1} B::B() : A(), __vfptr(B::'vftable'), b(e®), strB(), { Bar(); ...; }
virtual ~B() { Bar(); 1} B::~B() : __vfptr(B::'vftable'), { Bar(); ... }, ~str2(), ~AQ)
virtual void Foo() { std::cout << "B::Foo()"; }
B
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C++ Under the Hood - Polymorphism During Destruction

class A
{
static bucdeftable'[] = { A::~A(), A :Foo() }
hidden v_table * '__vfpir's
int a{};
std: :string stra{};
public:
AQ) A::A() : __vfptr(A::'vftable'), a(®), strA(), { Bar(); ...; }
virtual ~A() Azi~A() @ __vfptr(A::'vftable') L Bar(); ... }, ~strl()
virtual void Foo() [ _std mriroo()"; }
void Bar(J { FGDCJ'; }
15
class B : public A
{
static B::'vftable'[] = { B::~B(), B::Foo() }
int b{};
std: :string strB{};
public:
B() { Bar(); 1} B::B() : A(), __vfptr(B::'vftable'), b(e®), strB(), { Bar(); ...; }
virtual ~B() { Bar(); 1} B::~B() : __vfptr(B::'vftable'), { Bar(); ... }, ~str2(), ~AQ)
virtual void Foo() { std::cout << "B::Foo()"; }
B
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C++ Under the Hood - Destruction (destruct members)
class A
{
static A::'vftable'[] = { A::~A(), A::Foo() }
hidden v_table * '__vfptr';
int a{}y
std: :string stra{}f———
public:
AQ) { Bar(); 1} A::A()  : __vfptr(A:TTUrrabbenmalf)  strA(), { Bar(); ...; }
virtual ~A() { Bar(); 1} A::~A() @ __vfptr(A::'vftable'), { Bar(); ..7 T, mstrl()
virtual void Foo() { std::cout << "A::Foo()"; }
void Bar() { Foo(); }
15
class B : public A
{
static B::'vftable'[] = { B::~B(), B::Foo() }
int b{};
std: :string strB{};
public:
B() { Bar(); 1} B::B() : A(), __vfptr(B::'vftable'), b(e®), strB(), { Bar(); ...; }
virtual ~B() { Bar(); 1} B::~B() : __vfptr(B::'vftable'), { Bar(); ... }, ~str2(), ~AQ)
virtual void Foo() { std::cout << "B::Foo()"; }
B
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C++ Under the Hood - Destruction

class A
{
static A::'vftable'[] = { A::~A(), A::Foo() }
hidden v_table * '__vfptr';
int a{};
std: :string stra{};
public:
AQ) { Bar(); 1} A::A() : __vfptr(A::'vftable'), a(®), strA(), { Bar(); ...; }
virtual ~A(Q), L Bar(). 1 Aaaci() o yfptr(A::. ' vftable) { Bar(). bomstrlQ)
virtual void Foo() { std::cout << "A::Foo()"; }
void Bar() { Foo(); }
15
class B : public A
{
static B::'vftable'[] = { B::~B(), B::Foo() }
int b{};
std: :string strB{};
public:
B() { Bar(); 1} B::B() : A(), __vfptr(B::'vftable'), b(e®), strB(), { Bar(); ...; }
virtual ~B() { Bar(); 1} B::~B() : __vfptr(B::'vftable'), { Bar(); ... }, ~str2(), ~AQ)
virtual void Foo() { std::cout << "B::Foo()"; }
B
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C++ Under the Hood - Destruction
class A
{
static A::'vftable'[] = { A::~A(), A::Foo() }
hidden v_table * '__vfptr';
int a{};
std: :string stra{};
public
AQ) { Bar(); 1} A::AQ) @ __vfptr(A::'vftable'), a(@), strA(), { Bar(); ...; }
virtual ~A( L Bar(). 1 Aaaci() o yfptr(A::. ' vftable) { Bar(). bomstrlQ)
virtual void Foo() apcout << "A::Foo()"; }
void Bar() { Foo(;
15
class B : public A
{
'vftable' B::~B(), B::Foo() }
int b{};
std: :string strB{};
public:
BQ) { Bar(Q); 3} B::B() : AQ), __vfptr(B::‘vftable'), b(@), strB arc); ...; ¥
virtual ~B() { Bar(); 1} B::~B() : __vfptr(B::'vftable'), { Bar(); ... }, ~str2(),™aQ)
virtual void Foo() { std::cout << "B::Foo()"; }
B
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C++ Under the Hood - Destruction

class A
{
static A::'vftable'[] = { A::~A(), A::Foo() }
hidden v_table * '__vfptr';
int a{};
std: :string stra{};
public:
AQ) { Bar(); 1} A::A() : __vfptr(A::'vftable'), a(®), strA(), { Bar(); ...; }
virtual ~A( {Rar0- 1 AoamA0) o vfptr(A::'vitable') { Bar(): b ~strlQ
virtual void Foo() apcout << "A::Foo()"; }
void Bar() { Foo(;
b¥
class B : public A
{
static B::'vftable’ B::~B(), B::Foo() }
int b{};
std: :string strB{};
public:
BQ) { Bar(Q); 3} B::B() : AQ), __vfptr(B::‘vftable'), b(@), strB arc); ...; ¥
virtual ~B() { Bar(y- 1 B--~B(Y - yipntr(B: - 'vftable')  { Bar(): 1 ~str2() *~A()
virtual void Foo() { std::cout << "B::Foo()"; }
B
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C++ Under the Hood - Destruction
class A
{
static A::'vftable'[] = { A::~A(), A::Foo() }
hidden v_table * '__vfptr';
int a{};
std: :string stra{};
public:
AQ) { Bar(); 1} A::A() : __vfptr(A::'vftable'), a(®), strA(), { Bar(); ...; }
virtual ~A( {Rar0- 1 AoamA0) o vfptr(A::'vitable') { Bar(): b ~strlQ
virtual void Foo() s Cout << "A::Foo()"; }
void Bar() { Foo(;
b¥
class B : public A
{
'vftable' B::~B(), B::Foo() }
int b{};
std: :string strB{};
public:
BQ) { Bar(Q); 3} B::B() : AQ), __vfptr(B::‘vftable'), b(@), strB arc); ...; ¥
virtual ~8() { Bar(n.- 3 B..~B(Y - yvfptr(B: - vftable') { Bar(): } ~stra() ~~A()
virtual vofd Foo() { std::cout << "B::Foo()"; }
B
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C++ Under the Hood - Fully Destructed

class A
{
static A::'vftable'[] = { A::~A(), A::Foo() }
hidden v_table * '__vfptr';
int a{};
std: :string stra{};
public:
AQ) { Bar(); 1} A::A() : __vfptr(A::'vftable'), a(®), strA(), { Bar(); ...; }
virtual ~A() { Bar(); 1} A::~A(Q) @ __vfptr(A::'vftable'), { Bar(); ... }, ~strl()
virtual void Foo() { std::cout << "A::Foo()"; }
void Bar() { Foo(); }
15
class B : public A
{
static B::'vftable'[] = { B::~B(), B::Foo() }
int b{};
std: :string strB{};
public:
B() { Bar(); 1} B::B() : A(), __vfptr(B::'vftable'), b(e®), strB(), { Bar(); ...; }
virtual ~B() { Bar(); 1} B::~B() : __vfptr(B::'vftable'), { Bar(); ... }, ~str2(), ~AQ)
virtual void Foo() { std::cout << "B::Foo()"; }
B
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C++ Under the Hood - The First will be Last and Inside-Out / Outside-In
BEFpRE Global Object
main () Initialization
00101107 11011110 00110001¢
. " S
// main()
° /igtcr‘:lg'in?')"’%rﬂm Exccusion Program Running ...
maln std::cout << "[2] Running main().."
ié[ﬁ?;ea}ﬂglc runs Program Running :
P " L 20% esn -:
10T00’;T|U'| 101101 © ]111(;_%_\
Wrapping Up and
N___ Cleanup DESTRUCT
f °- .©
el @0 Q
108Q
Deallocation
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C++ Under the Hood - Running code before/after main()

struct MyObject

{
MyObject()
{
std::cout << "MyObject::MyObject() this=" << this << '\n'; Foo();
}
~MyObject()
{
std: :cout << "MyObject::~MyObject() this=" << this << '\n'; Foo();
void Foo() { std::cout << "MyObject::Foo() this=" << this << '\n'; }
I
MyObject::MyObject() this = @xued151
MyObject: :Foo() this = OxU0U151
MyObject: :MyObject() this = @x40ul52
MyObject myObjectl; MyObject: :Foo() this = OxU40U152
MyObject myObject2; start main()
end main()
int main() MyObject: :~MyObject() this = @xu40U152
{ MyObject: :Foo() this = Oxueu152
std::cout << "start main()\n"; MyObject: :~MyObject() this = @x4@ul51
std::cout << "end main()\n"; MyObject: :Foo() this = @xueul51
}
73
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C++ Under the Hood - Run p GotGh in()
struct MyObject C“
{
MyObject& myObject;
MyObject(MyObject& myObject) : myObject(myObject)
{
std::cout << "MyObject::MyObject() this=" << this << '\n'; myObject.Foo();
}
~MyObject()
{
std: :cout << "MyObject::~MyObject() this=" << this << '\n'; myObject.Foo();
}
void Foo() { std::cout << "MyObject::Foo() this=" << this << '\n'; }
I
MyObject::MyObject() this = @xuU0U158
extern MyObject myObject2; MyObject: :Foo() this = @xueuled
MyObject: :MyObject() this = @xuedlsd
MyObject my@Bjectl(myObNect2); MyObject: :Foo() this = OxUOU158
MyObject my®Qgject2(myCbiectl); start main()
end main()
int main() MyObject: :~MyObject() this = OxUOU160
{ MyObject: :Foo() this = @xUeU158
std: :cout << "start main()\n"; MyObject: :~MyObject() this = @xueU158
std::cout << "end main()\n"; MyObject: :Foo() this = OxUOU160
}
74
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C++ Under the Hood - Array Construction & Destruction

#include <iostream>

struct Bar

{
int if}, j{};
Bar(int j) : i(Next()), j(j){ std::cout << "Bar::Bar() [" << i << "] j=" << j << " this=" << this << '\n';
~Bar() { std::cout << "Bar::~Bar() [ << i << "] j=" << j << " this=" << this << '\n’;
static int Next() { static int next{}; return next++; }

H

;nt main() start main()

" ; Bar::Bar() [0] j = 2 this = @x7u0du9e
std: :cout << "start main()\n"; Bar::Bar() [1] ; = 8 this = x7u10du9s
Bar bar[5]{2,8,3,6,7}; A

L : =0 Bar::Bar() [2] j = 3 this = ex7ueddae
Stflealt S5 et weanCie; Bar::Bar() [3] j = 6 this = 0x74dua8

¥ Bar::Bar() [4] j = 7 this = ox7d0dube
end main()
Bar::~Bar() [4] j = 7 this = Ox7u0dube
Bar::~Bar() [3] j = 6 this = Ox7uddUa8
Bar::~Bar() [2] j = 3 this = 0x7u0dua®
Bar::~Bar() [1] j = 8 this = 0x7u40du9s
Bar::~Bar() [0] j = 2 this = @x7u0dU90
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C++ Under the Hood - Static cleanup
struct Bar
{
int i{};
struct Foo
{
int j{};
Foo() { std::cout << "Foo::Foo() this=" << this << i 3
~Foo() { std::cout << "Foo::~Foo() this=" << this << < %
b
Bar() { std::cout << "Bar::Bar() this=" << this << i 3
~Bar() { std::cout << "Bar::~Bar() this=" << this << s %
Foo& Get() { std::cout << "Bar::Get() this=" << this << .
static Foo foo; return foo; }
be start main()
. ) Bar::Bar() this = 0x70869c
int main() Bar::Get() this = Ox70869c
{ " Foo::Foo() this = Oxuediou
std::cout << "start main()\n"; in main()
Bar: bar Bar::Get() this = 0x70869c
auto& fool = b?r.GeF(); e “mainC)
std::cout << "in main()\n"; Bar::~Bar() this = 0x70869c
auto& foo2 = bar.Get(); Foo::~Foo() this = @xupu19L
std::cout << "end main()\n";
}
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C++ Under the Hood - Running code before/after main()

struct MyApp {
enum Event { timeout, event®, eventl, stop, };
struct FiniteStateMachine

{
Event WaitForEvent() { Event event{ stop }; /=...»/ return event; }
bool handleEvent(Event event) {
switch (event) {
default: {/*...%/} return false;
case timeout: break;
case event®: {/#...%/} break; g
case eventl: {/#...*/} break; ;
return true;
¥
} fsm;
MyApp() { 1
init();
while(run());
}
~Myapp() {/*...x/}
bool BackgroundTask() {/*...*/ return true; }
void init() {f*...x/}

bool run() {
if (!BackgroundTask()) return false;
return fsm.handleEvent(fsm.WaitForEvent());
} 1
} myApp;

int main() {}

77
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C++ Under the Hood

‘C’ Pointer types
int*
int(*)(int)

Member Pointer types
int Foo::*
int(Foo::*)(int)

Pointer to Data
Pointer to Function

Pointer to Member Data
Pointer to Member Function

79

79

C++ Under the Hood - ‘C’ Style Pointers - Pointer to Data(aka object)

struct Foo {
int i{};
IH
int* Bar(int* p) {

(¥p)+;
return p;

int main()

int i{2};
Foo foo{3};

int* pl = &i;

int* p2 = &foo.1;
int* p3 = Bar(pl);

return *p2 + *p3;
}
[ godbolt.org/z/rkzdTseiz |
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C++ Under the Hood

‘C’ Pointer types
int*
int(*)(int)

Member Pointer types
int Foo::*
int(Foo::*)(int)

Pointer to Data
Pointer to Function

Pointer to Member Data
Pointer to Member Function
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C++ Under the Hood - ‘C’ Style Pointers — gsort(...) Pointer to Function (PFN)
int compare(const void* a, const void* b)
{

return (*(int#*)a - *(int*)b);
}
#define count 5
int main()
{

int array[ecount] = { 10, 5, 4, 6, 9 };

gsort(array, count, sizeof(int), compare);

printf("Sorted array: "); H

for (int i = 0; i < count; i++)

printf("%d ", array[il);

printf(*\n");

return 0;
}

[ godbolt.org/z/6ckGG397h |
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C++ Under the Hood - ‘C’ Style Pointers - Pointer to Function (PFN)

declares a funchon Pavameter Hpcs sPecif{ch

\ pointer [ for the davget finction.

tnt Z* foo ) (wt , nt);
N

{\3 pe specification
fr the 4m'ﬂet funckon

Retuyn

fo0’ is the variable name

83

83

C++ Under the Hood - ‘C’ Style Pointers - Pointer to Function (PFN)

int Foo(int i)
{

return \i++;

¥

int Bar(int(xpfn) (int), int 1)
{
return pfn(i);

}

int main()
{

return Bar (&Foo, 1);

}

[ godbolt.org/zzhvYM1inotb |
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C++ Under the Hood —<C’ Style Pointers - Pointer to Function (PFN)

int Bar (int(xpFN) (int))
{
return pFN(10);

b

int Foo(int 1)
{

return i * (i+1) / 2;

int main()
{
int(*pFN) (int) = &Foo;

return Bar (pFN);
}

[ godbolt.org/z/v1c7ewjbe |
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C++ Under the Hood —<C’ Style Pointers - Pointer to Function (PFN)

typedef int(*PFN)(int);
int Bar(PFN pFN)

return pFN(10);

int Foo(dint i)

return i *» (i + 1) / 2;

int main()

PFN pFN = Foo;

return Bar(pFN);
}

[ godbolt.org/z/s9cvwaEgs |
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C++ Under the Hood —<C’ Style Pointers - Pointer to Function (PFN)

typedef int(PFN)(int);

int Bar(PFN pFN)

{
return pFN(1@);

}

int Foo(int i)
{
return i * (i+1) / 2;

}

int main()

{
PFN *pFN = &Foo;

return Bar(pFN);
E

[ godbolt.org/z/s9cvwaEag8 |
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C++ Under the Hood - ‘C’ Style Pointers - Pointer to Function (PFN)

typedef int(*PFN)(int);

int Bar(PFN pFN)
{
return pFN(18);

}

int Foo(int i)
{
return i » (i + 1) / 2;

}

int main()

{
PFN pFN = Foo;

return Bar(pFN);
}

I godbolt.org/z/Pr1ovgqvon I

88

88

44



10/19/2026

C++ Under the Hood

‘C’ Pointer types
int* Pointer to Data
int(*)(int) Pointer to Function

Member Pointer types
int Foo::* Pointerto Member Data
int(Foo::*)(int) Pointer to Member Function

89

89

C++ Under the Hood - ‘C’ Style Pointers - Pointer to Function (PFN)

typedef int(*PFN)(int);

int Bar(PFN pFN)
{

return pFN(1@);
}

int Foo(int i)
{

return i » (i +1) / 2;
}

int main()

{
PFN pFN = Foo;

return Bar(pFN);
}

I godbolt.org/z/Pr1ovgqvon I
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C++ Under the Hood - ‘C’ Style Pointers - Pointer to Member Function

typedef int(*PFN)(int);

struct Foo
{
int i
int Bar(int j) { return i + j; }

int main()

{
PFN pFN = &Foo::Bar;
Foo obj{ 10 };
return (obj.*pMF)(20);
}

[ godbolt.org/z/jfradMi7G |
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C++ Under the Hood =“&>Styte-Pointers - Pointer to MemberFunction

typedef int(*PFN)(int);

struct Foo
{
int i;
int Bar(int j) { return i + j; }

¥

int main()
{
—PFN—pFN—&Foo—Bar—

Foo obj{ 10 };

return (obj.*pMF)(20);
}

godbolt.org/z/{frodMj7G |
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C++ Under the Hood - c++ Pointer to Member Function

struct Foo;
typedef int(Foo::* PMF)(int);

struct Foo
{
int 1i;
int Bar(int j) { return i + j; }

int main()

{
PMF pMF = &Foo::Bar;
Foo obj{ 1@ };
return (obj.*pMF)(20);
}

[ godbolt.org/z/eY1n7a97x |
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C++ Under the Hood - C++ Pointer to mixed use PFN & PMF
struct Foo
{
using PMF = int(Foo::%}(int);
using PFN = int(*)(Foo&, PMF, int);
int A%
Foo(int i) : i(i) {}
int Bar(int j) { return i + j; }
static auto Qaz(Foo& obj, PMF pmf, int param) { return (obj.*pmf)(param); }
%
int main()
{
Foo::PMF pMF = &Foo::Bar;
Foo::PFN pFN = &Foo::Qaz;
Foo obj{ 10 };
return pFN(obj, pMF, 208);
}
Igodbolt.org/z/quszeeo I
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C++ Under the Hood - C++ Pointer to (virtual) Member Function

struct Foo;
typedef int(Foo::* PMF)(int);

struct Foo

{
int 1i;
Foo(int i) : i(i) {}
virtual int Bar(int j) { return i + j; }
&
struct Foo2 : Foo
{
Foo2(int i) : Foo(i) {}
int Bar(int j) override { return i * j; }
i
int main()
{
PMF pMF = &Foo::Bar;
Foo2 obj{ 10 };
return (obj.*pMF)(20);
}

[ godbolt.org/z/qWhESErkz |
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C++ Under the Hood - C++ Pointer to (virtual) Member Function
struct Foo;
typedef int(Foo::* PMF)(int);
struct Foo
1
int i;
Foo(int i) : i(i) {}
virtual int Bar(int j) { return i + j; }
¥
struct Foo2 : Foo
{
Foo2(int i) : Foo(i) {}
int Bar(int j) override { return i * j; 1}
¥
int main()
{
PMF pMF = &Foo::Bar;
Foo2 obj{ 10 };
Foo* pFoo = &obj;
return (pFoo->*pMF}(28);
}
[ godbolt.org/znTM143d7 |
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C++ Under the Hood - C++ Pointer to (virtual) Member Function

struct Foo;
using PMF = int(Foo::*)(int);

struct Foo

1
int i;
Foo(int i) : i(i) {}
virtual int Bar(int j) { return i + j; }
¥
struct Foo2 : Foo
{
Foo2(int i) : Foo(i) {}
int Bar(int j) override { return i * j; 1}
¥
int main()
{
PMF pMF = &Foo::Bar;
Foo2 obj{ 10 };
Foo* pFoo = &obj;
return (pFoo->*pMF}(28);
}

[ godbolt.org/z/188fcronz |
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C++ Under the Hood - C++ Pointer to (virtual) Member Function
struct Foo
{
using PMF = int(Foo::*)(int);
int i;
Foo(int i) : i(i) {}
virtual int Bar(int j) { return i + j; }
¥
struct Foo2 : Foo
{
Foo2(int i) : Foo(i) {}
int Bar(int j) override { return i * j; 1}
¥
int main()
{
Foo::PMF pMF = &Foo::Bar;
Foo2 obj{ 10 };
Foo* pFoo = &obj;
return (pFoo->*pMF}(28);
}
[ godbolt.org/z/hE3nMhVET |
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C++ Under the Hood - C++ Pointer to (virtual) Member Function (thunking)

struct Foo

{
using PMF = int(Foo::*)(int);
Int 1:
Foo(int i) : iCdi) {}
virtual int Bar(int j) { return i + j; }
b
struct Foo2 : Foo
{
Foo2(dint i) : Foo(i) {}
int Bar(int j) override { return i % j; }
b
int main()
{
Foo::PMF pMF = &Foo::Bar;
Foo2 obj{ 10 };
Foo* pFoo = &obj;
return (pFoo->*pMF)(20);
}

Igodbolt.org/z/quszeeo I
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C++ Under the Hood - C++ Pointer to (virtual) Member Function (thunking)
struct Foo
{
using PMF = int(Foo::*)(int);
/* compiler supplied */ VFTable* vfptr;
/* compiler supplied */ static VFTable Foo::vftable[]={ &Foo::Bar, };
Int 1:
Foo(int i) : i(i) {}
virtual int Bar(int j) { return i + j; }
b
struct Foo2 : Foo
{
/* compiler supplied */ static VFTable Foo2::vftable[]={ &Foo2::Bar, };
Foo2(int i) : Foo(i) {}
int Bar(int j) override { return i % j; }
b
int main()
{
Foo::PMF pMF = &Foo::Bar;
Foo2 obj{ 10 };
Foo* pFoo = &obj;
return (pFoo->*pMF)(20);
}
Igodbolt.org/z/quszeeo I
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C++ Under the Hood - C++ Pointer to (virtual) Member Function (thunking)

struct Foo

{

i

using PMF = int(Foo::*)(int);
/* compiler supplied */ VFTable* vfptr;
/* compiler supplied */ static VFTable Foo::vftable[]={ &Foo::Bar, };
int i;
Foo(int i) : iCdi) {}
virtual int Bar(int j) { return i + j; }

/* compiler supplied */ int Foo::Bar_Thunk(int i) { return (this->vfptr[0])(int i); }

struct Foo2 : Foo

{

int

}

/* compiler supplied */ static VFTable Foo2::vftable[]={ &Foo2::Bar, };
Foo2(dint i) : Foo(i) {}
int Bar(int j) override { return i % j; }

main()

Foo::PMF pMF = &Foo::Bar; /* compiler supplied */ = &Foo::Bar_Thunk(int i)
Foo2 obj{ 10 };

Foo* pFoo = &obj;

return (pFoo->*pMF)(20);

Igodbolt.org/z/quszeeo I
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C++ Under the Hood - C++ Pointer to (virtual) Member Function (thunking)
struct Foo
{
using PMF = int(Foo::*)(int);
/* compiler supplied */ VFTable* vfptr;
/* compiler supplied */ static VFTable Foo::vftable[]={ &Foo::Bar, };
int i;
Foo(int i) : i(i) {3}
virtual int Bar(int j) { return i + j; }
/* compiler supplied */ int Foo::Bar_Thunk{int i) { return (this—>vfptr[8])(int i); }
b
struct Foo2 : Foo
{
/* compiler supplied */ static VFTablg¢ Foo2::vftable[]={ &Foo2::Bar, };
Foo2(dint i) : Foo(i) {}
int Bar(int j) override { return i % j; }
b
int main()
{
Foo::PMF pMF s—Gres-tt-Bar—t EEn! pplied—il = &Foo::Bar_Thunk(int i)
Foo2 obj{ 10 };
Foo* pFoo = &obj;
return (pFoo->*pMF)(20);
}
Igodbolt.org/z/quszeeo I
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C++ Under the Hood - C++ Pointer to (virtual) Member Function (thunking)

struct Foo

{
using PMF = int(Foo::*)(int);
/* compiler supplied */ VFTable* vfptr;
/* compiler supplied */ static VFTable Foo::vftable[]={ &Foo::Bar, };
int i;
Foo(int i) : iCdi) {}
virtual int Bar(int j) { return i + j; }
/* compiler supplied */ int Foo::Bar_Thunk{int i) { return (this—>vfptr[8])(int i); }
b

struct Foo2 : Foo

{
/* compiler s */ static VFTable Foo2::vftable[]={ &Foo2::Bar, };
Foo2(dint i) : Foo(i) {}
int Bar(int j) override { ret ek B
b
int main()
{
Foo: :PMF pME =—Gres-tt-Bar—t EEn! pplied—il = &Foo::Bar_Thunk(int i)
Foo2 obj{ 10%;
Foo* pFoo = &oby;
return (pFoo->*pRF)(20);
}

Igodbolt.org/z/quszeeo I
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C++ Under the Hood - C++ Pointer to (virtual) Member Function (thunking)
struct Foo
{
using PMF = int(Foo::*)(int);
/* compiler supplied */ VFTable* vfptr;
/* compiler supplied */ static VFTable Foor™wftable[]={ &Foo::Bar, };
int i;
Foo(iét i) @ i) {3
virtual int Bar(int j) { return i + j; }
/* compiler supplied */ int Foo::Bar_Thunk{int i) { return (this—>vfptr[8])(int i); }
b
struct Foo2 : Foo
{
/* compiler supplied */ static VFTable Foo2::vftable[]={ &Foo2::Bar, };
Foo2(int i) : Foo(i) {}
int Bar(int j) override { return i % j; }
b
int main()
{
Foo::PMF pMF s—Gres-tt-Bar—t EEn! pplied—il = &Foo::Bar_Thunk(int i)
Foo2 obj{ 10 };
Foo* pFoo = &obj;
return (pFoo->*pMF)(20);
}
Igodbolt.org/z/quszeeo I
104
104

52



10/19/2026

C++ Under the Hood - C++ Pointer to (virtual) Member Function (thunking)

struct Foo

{
using PMF = int(Foo::*)(int);
/* compiler supplied */ VFTable* vfptr;
/* compiler supplied */ static VFTablé, Foor™wftable[]={ &Foo::Bar, };
int i;
Foo(int i) : iCdi) {}
virtual int Bar(int j) { return i + j; }
/* compiler supplied */ int Foo::Bar_Thunk{int i) { return (this—>vfptr[8])(int i); }
b
struct Foo2 : Foo
{
/* compiler supplied */ static VFTable Foo2::vftable[]={ &Foo2::Bar, };
Foo2(dint i) : Foo(i) {}
int Bar(int j) override { return i % j; }
b
int main()
{
Foo::PMF pMF s—Gres-tt-Bar—t EEn! pplied—il = &Foo::Bar_Thunk(int i)
Foo2 obj{ 10 };
Foo* pFoo = &obj;
return (pFoo->*pMF)(20);
}

Igodbolt.org/z/quszeeo I
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C++ Under the Hood - C++ Pointer to (virtual) Member Function (thunking)
struct Foo
{
using PMF = int(Foo::*)(int);
/* compiler supplied */ VFTable* vfptr;
/* compiler supplied */ static VFTablé, Foor™wftable[]={ &Foo::Bar, };
int i;
Foo(iét i) @ i) {3
virtual int Bar(int j) { return i + j; }
/* compiler supplied */ int Foo::Bar_Thunk{int i) { return (this—>vfptr[8])(int i); }
b
struct Foo2 : Foo
{
/* compiler supplied */ static VFTable Foo2::vftable[]={ &Foo2::Bar; };
Foo2(int i) : Foo(i) {}
int Bar(int j) override { return i % j; }
b
int main()
{
Foo::PMF pMF s—Gres-tt-Bar—t EEn! pplied—il = &Foo::Bar_Thunk(int i)
Foo2 obj{ 10 };
Foo* pFoo = &obj;
return (pFoo->*pMF)(20);
}
Igodbolt.org/z/quszeeo I
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C++ Under the Hood - C++ Pointer to (virtual) Member Function (thunking)

struct Foo
{
using PMF = int(Foo::*)(int);
/* compiler supplied */ VFTable* vfptr;
/* compiler supplied */ static VFTablé, Foo™

table[]={ &Foo::Bar, };

int i;

Foo(int i) : i(i) {}

virtual int Bar(int j) { return i + j; }
/* compiler supplied */ int Foo::Bar_Thunk{jnt i) { return (this->vfptr[0])(int i); }

b
struct Foo2 : Foo
*/ static VFTable Foo2::vftable[]={ &Foo2::Bar| };

Foo2(int i)
int Bar(int j) override { return i % j; }

iy
int main()
{
Foo::PMF pMF s—Gres-tt-Bar—t EEn! pplied—il = &Foo::Bar_Thunk(int i)

Foo2 obj{ 10 };
Foo* pFoo = &obj;
return (pFoo->*pMF)(20);

Igodbolt.org/z/quszeeo I
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C++ Under the Hood
Fundamental Theorem of
Software Engineering:
Any problem can be solved by
adding a layer of indirection.
108
108
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C++ Under the Hood

‘C’ Pointer types
int*
int(*)(int)

Member Pointer types
int Foo::*
int(Foo::*)(int)

Pointer to Data
Pointer to Function

Pointer to Member Data
Pointer to Member Function

109
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C++ Under the Hood - C++ Pointer to Member Data
#include <iostream>
int main()
{
struct Foo { int a, b, ¢, d; };
Foo fool{ 2, 3, 5, 71};
Foo foo2{ 11, 13, 17, 19 };
Foo* pFool = &fool;
Foo*x pFoo2 = &fool;
std::cout << "fool.a = " << fool.a << '\n'; //fool.a =2
std::cout << "foo2.a = " << foo2.a << '\n'; //foo2.a =11
std::cout << "pFool-»>c = " << pFool->c << '\n'; //fool.c =5
std::cout << "pFoo2->c = " << pFool2->c << '\n'; //fo02.c =17
}
[ sodbott.org/z/ksntojypy |
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C++ Under the Hood - c++ Pointer to Member Data

#include <iostream>

int main()

{
struct Foo { int a, b, ¢, d; };
Foo foolf 2, 3, 5, 71}
Foo foo2{ 11, 13, 17, 19 };
Foo* pFool = &fool;
Foo*x pFoo2 = &fool;
int Foo::* p = &Foo::a;
std: :cout << "fool.*p = " << fool.*p << '\n'; //fool.*p = 2 (aka fool.a)
std::cout << "foo2.*p = " << foo2.*p << '\n'; //foo2.%p = 11 (aka foo2.a)
p = &Foo::c;
std::cout << "pFool->#p = " << pFool->*p << '\n'; //pFool->%p = 5 (aka fool.c)
std::cout << "pFpoo2->*p = " << pFoo2->*p << '\n'; //pFoo2->#p2 = 17 (aka feo2.c)
¥

godbolt.org/z/K5nf9jYPv
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NULL
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C++ Under the Hood
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C++ Under the Hood

nullptr
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C++ Under the Hood - C++ Pointer to Member Data
#include <iostream>
int main()
{
struct Foo { int a, b, ¢, d; };
int Foo::* p;
p = nullptr; std::cout << "p = " << p << "\n'; //8 (zero, aka false) unassigned
p = &Foo::a; std::cout << "p = " << p << "\n'; //1 (one, aka true) assigned
p = &Foo::b; std::cout << "p = " << p << "\n\n"; //1 (one, aka true) assigned
}
[ sodbott.org/z/ksntojypy | e
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C++ Under the Hood - c++ Pointer to Member Data

#include <iostream>

int main()

{
struct Foo { int a, b, ¢, d; };
int Foo::* p;
p = nullptr; std::cout << "p = " << p << "\n'; //8
p = &Foo::a; std::cout << "p = " << p << '\n'; /11
p = &Foo::b; std: :cout << "p = " << p << "\n\n"; /71
p = &Foo::a; std::cout << "#(int*)&p = " << »(int*)&p << '\n'; //p
p = &Foo::b; std::cout << "*(int*)&p = " << *(int*)&p << '\n'; //p
p = &Foo::c; std::cout << "#(int*)&p = " << *(int*)&p << '\n'; //p
p = &Foo::d; std::cout << "#(int*)&p = " << »(int*)&p << "\n\n"; /lp
}

[ sodbott.org/z/ksntojypy |

(zero, aka false) unassigned
(one, aka true) assigned
(one, aka true) assigned

nwn
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C++ Under the Hood - C++ Pointer to Member Data
#include <iostream>
int main()
{
struct Foo { int a, b, ¢, d; };
int Foo::* p;
p = nullptr; std::cout << "p = " << p << "\n'; //8 (zero, aka false) unassigned
p = &Foo::a; std::cout << "p = " << p << "\n'; //1 (one, aka true) assigned
p = &Foo::b; std::cout << "p = " << p << "\n\n"; //1 (one, aka true) assigned
p = &Foo::a; std::cout << "(int*)&p = " << *(int*)&p << '\n'; /lp=8
p = &Foo::b; std::cout << "*(int*)&p = " << *(int*)&p << '\n'; //p =4
p = &Foo::c; std::cout << "#(int*)&p = " << *(int*)&p << '\n'; f/p =8
p = &Foo::d; std: :cout << "#(int*)&p = " << *(int*)&p << "\n\n"; /fp = 12
p = nullptr; std::cout << "p = " << p << "\n'; //® (zero, aka false) unassigned
std::cout << "#(int*)&p = " << *(int*x)&p << '\n’'; fp =-1
}
[ sodbott.org/z/ksntojypy |
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C++ Under the Hood - c++ Pointer to Member Data

#include <iostream>

int main()

struct Foo { char q; int a, b, ¢, d; };

{
int
p=
p=
p=
P
p=
p=
p=
p=
std

}

Foo::* p;

nullptr;

&Foo

&Foo:

= &Foo::
&Foo::
&Foo::
&Foo::

tia;
:b;

an ow

nullptr;
picout <<

std: :cout
std: :cout
std: :cout
std: :cout
std: :cout
std: :cout
std: :cout
std: :cout
"*(int*)&p =

<< "P = b e p <<
<< "p = " << p <<
<< "p =" << p <<
<< "t(intw)&p ="

<< "*(int*)&p
<< "*(int*}&p =
<< "s(int*)&p = "

<< "p = " << p <<
"o *(intt]&p <<

[ godbolt.org/z/K5nfojyPy

*(int*)&p
*(int*)&p
*(int*)&p
*(int*)&p

//8
f/1
/71

//p
//p
/lp
//p

//8
//p

(zero, aka false) unassigned

(one, aka true) assigned
(one, aka true) assigned
=y
= 12
= 16

(zero, aka false) unassigned
=-1
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C++ Under the Hood - C++ Pointer to Member Data
#include <iostream>
int main()
£
#pragma pack(1)
struct Foo { char q; int a, b, ¢, d; };
int Foo::% p;
p = nullptr; std::cout << "p = " << p << //8 (zero, aka false) unassigned
p = &Foo::a; std::cout << "p = " << p << //1 (one, aka true) assigned
p = &Foo::b; std::cout << "p = " << p << H //1 (one, aka true) assigned
p = &Foo::a; std::cout << "#(intx)&p = " << x(int*x)&p << * flp =1
p = &Foo::b; std::cout << "#(int*)&p = " << *(int*)&p << ° //lp=5
p = &Foo:ic; std::cout << "#(int*)&p = " << #(int*)&p << '\ flp =9
p = &Foo::d; std::cout << "#(int*)&p = " << *(intx)&p << " " //p =13
p = nullptr; std::cout << "p = " << p << '\n'; //8 (zero, aka false) unassigned
std::cout << "#(int*)&p = " << *(int*)&p << '\n'; f/p = -1
}
[ sodbott.org/z/ksntojypy | 12
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C++ Under the Hood - ‘C’ Style Pointers — gsort{(...) Pointer to Function (PFN)

int compare(const void* a, const void* b)
{
return (*(int#*)a - *(int*)b);

}
#define count 5

int main()

{
int array[ecount] = { 10, 5, 4, 6, 9 };
gsort(array, count, sizeof(int), compare);
printf("Sorted array: "); H
for (int i = 0; i < count; i++)

printf("%d ", array[il);

printf(*\n");
return 0;

}

[ godbolt.org/z/6ckGG397h |
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C++ Under the Hood — C++ style Sort(...) using a lambda

int main()
{
int array[] = { 1, 5, 4, 6, 9 };

std: :sort(std: :begin(array), std::end(array), [](int const lhs, int const rhs) { return lhs < rhs; });

std::cout << "sorted ascending:";
for (const auto& item : array)

std::cout << ' ' << item;
std: :cout << '\n'

std::sort(std: :begin(array), std::end(array), [](int const lhs, int const rhs) { return lhs > rhs; });
std::cout << "sorted descending:";
for (const auto& item : array)

std::cout << ' ' << item;

std: :cout << '\n';

return 0;

[ godbolt.org/z/eYavvdws7 |
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C++ Under the Hood — C++ style Sort(...) with lambda

struct Foo {
int a, b, c, d;
friend std::ostream& operator<<(std::ostream& os, const Foo& obj)

{ return os << std::format("{} {} {} {}\n", obj.a, obj.b, obj.c,obj.d); }
HH
std::ostream& operator<<(std::ostreamf os, std::vector<Foo>& vFoo)
{
os << "a b c d\n";
for (const auto& item : vFoo)
os << item;
return os << '\n';
]
auto GetData()
{
return std::vector<Foo>{{3, 8, 8, 4}, {1,8,9,0}, { 9,2,9,6 }, {3,6,9,1}, {2,9,7,3}, {1,59,0}, {1,9,4,5}}
H

void Sort(auto& data, auto compare) { std::sort(data.begin(), data.end(), compare); }

int main()

{
auto data = GetData();
Sort(data, [J(Foo& lhs, Foo& rhs) { return lhs.a < rhs.a; }); std::cout << "sort .a\n" << data << '\n';
Sort(data, [J(Foo& lhs, Foo& rhs) { return lhs.b < rhs.b; }); std::icout << "sort .b\n" << data << ‘\n';
Sort(data, +[1(Foo& lhs, Foo& rhs) { return lhs.c < rhs.c; }); std::cout << "sort .c\n" << data << '\n';
Sort(data, +[]1(Foo& lhs, Foo& rhs) { return lhs.d < rhs.d; }); std::cout << "sort .d\n" << data << '\n';
}

Igodbolt.org/z/YTPnjaaee I
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C++ Under the Hood - C++ Sort using Pointer to Member Data
struct Foo { int a, b, ¢, d; };
3
template<typename T>
void Sort(auto& data, int T::% key) {
std: :sort(std: :begin(data), std::end(data),
[key](auto& lhs, aute& rhs){ return lhs.xkey < rhs.*key; });
¥
int main()
{
auto data = GetData();
Sort(data, &Foo::a); std::cout << "sort .a:\n" << data;
Sort(data, &Foo::b); std::cout << "sort .b:\n" << data;
Sort(data, &Foo::c); std::cout << "sort .c:\n" << data;
Sort(data, &Foo::d); std::cout << "sort .d:\n" << data;
}
Igodbolt.org/z/nx7snano I 124
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C++ Under the Hood - C++ Sort using Multiple Pointers to Member Data

template<typename T>
bool compare(auto& lhs, auto& rhs, auto T::x key, auto...keys) {
if (lhs.*key < rhs.*key) return true;
if (lhs.*key » rhs.xkey) return false;
if constexpr (sizeof...(keys) > @)
return compare(lhs, rhs, keys...);
return false;

H

void Sort(auto& data, auto ...keys) {
std: :sort(std: :begin(data), std::end(data),
[keys...]Cauto& lhs, auto& rhs)
{ return compare(lhs, rhs, keys...); 1);

}

int main()

{
std: ;vector<Data> data = GetData(); std::cout << "raw data (unsorted))
Shuffle(data); Sort(data, &Data::a); std::cout << "Sort on a\n"
Shuffle(data); Sort(data, &Data::b, &Data::c); std::cout << "Sort on b,c\n"
Shuffle(data); Sort(data, &Data::b, &Data::a); std::cout << "Sort on b,a\n"
Shuffle(data); Sort(data, &Data::c, &Data::d, &Data::e); std::cout << "Sort on c,d,e\n"

}

[ sodbolt.org/z/nzaM1bTYT |

data;
data;
data;
data;
data;
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C++ Under the Hood - C++ structs/tuple and operator<=>
struct MyStruct
{
int a;
int b;
int ¢;
auto operator<=>(const MyStruct&) const = default; //auto generates <, ==, =, <=, I=, >=
friend std::ostrean& operator<<(std::ostream& os, const MyStruct& obj)
{ return os << std::format("( {}, {}, {}, )", obj.a, obj.b, obj.c); }
iy
int main()
{
MyStruct s1E2, 3.5 F;
MyStruct s2{ 2, 3, 4 };
if (s1 < s2)
std::cout << 51 << " <« " << g) << "\n';
else if (s1 > s2)
std::cout << 51 << " 5 " << 52 << "\n';
else
std::cout << s1 << " = " << 52 << '\n';
}
Igodbolt.org/z/Wso6E9b50 I 126
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C++ Under the Hood - C++ Sort using a better compare
template<typename T>
bool comp(const T& lhs, const T& rhs, aute T::* key, auto...keys)
{
. if constexpr (sizeof...(keys) > @)
{
if (lhs.*key < rhs.*key) return true;
if (lhs.*key > rhs.*key) return false;
return comp{lhs, rhs, keys...);
}
return (lhs.skey < rhs.xkey);
}
 void Sort_old(auto& data, auto ...keys)
{
std: :sort(std::begin(data), std::end(data),
[keys...](const auto& lhs, const auto& rhs)
{ return comp(lhs, rhs, keys...); }
%
i
+ void Sort_new(auto& data, auto ...keys)
{
std: :sort(std::begin(data), std::end(data),
[keys...l(const auto& lhs, const auto& rhs)
{ return std::tie(lhs.*keys...) < std::tie(rhs.*keys...); }
);
}
Igodbolt.org/z/nz3M1bIYI I
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C++ Under the Hood - c++ Sort using Tie vs Tuple using Pointers to Member Data
void Sort_newl(auto& data, auto ...keys)
{
std: :sort(std: :begin(data), std::end(data),
[keys...]l(const auto& lhs, const auto& rhs)
{ return std::tie(lhs.*keys...) < std::tie(rhs.xkeys...); }
);
}
void Sort_new2(autok data, aute ...keys) //&Data::c, &Data::d, &Data::e
{
std: :sort(std: :begin(data), std::end(data),
[keys...](const aute& lhs, const auto& rhs)
{ return std::tuple(lhs.*keys...) < std::tuple(rhs.xkeys...); }
//lhs. data { 3, 5, 1, 8, 2 } < rhs. data { 6, 4, 1, 8, 6} (exmaple data)
//lhs. aka Data:: *c, *d, *e < rhs. aka Data:: *c, *d, *e
//tuple { 1, 8, 2 } < tuple { 1. 8, &F
//bool Tuple::operator<(tuple&)
2
}
Igodbolt.org/z/nz3M1bIYI I
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C++ Under the Hood - What did we learn today ?

* Inheritance vs. Aggregation:
* Memory layout,
* v-table pointer placement.

* The first shall be last,

e C’tor, D’tor, Virtual Mechanism Mechanics:
* Member Initialization/Initialization List
» Set up the v-table pointer before constructing member objects in the C’tor,

* Set up the v-table pointer before destructing member objects in the D’tor,
* Inside-Out/Outside-In.

* Pointers vs Member Pointers:
*int* vs int Foo::*
* int(*)(int) vs int(Foo::*)(int)
* Magic of a nullptr (not always ©-).
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C++ Under the Hood
Questions?

Thank You!

Linkedin.com/in/chrisr98008
(No blind invites!
Tell me how we know each other)
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