class X

{
public:

X(int n) { this->n = n; }

~X(0) {1}

int get() const { return n; }

std: :shared ptr<X> sharedPointer() { return std::shared ptr<X>(this); }

private: X
int n; ! re ‘{ 'E L '
}; | pv o]
x; )
int main(int argc, char **argv)
{

std: :shared ptr<X> x1 = std::make shared<xX>(10); x3 = |
std: :shared ptr<X> x2 x1l->sharedPointer () ;

std: :cout << "x1=" << xl->get() << ", x2=" << x2->get() << std::endl;
x1 = std::make_shared<X>(20) ;
std: :cout << "x1=" << xl->get() << ", x2=" << x2->get() << std::endl;
}
x| Y
rc-r &0
1,4(
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class A
{
public:
virtual void foo();
virtual void quux() ;
private:
int w, v;
};
class B

{

: public A

public:
void foo();
virtual void bar() ;
virtual void baz() ;

private:

\ 7

A

vl [
w [}

v @ |

A va: W) A(>'

¥
Iz

N DWW fdn‘evt/in“ ¢ ‘,7‘:5 J'm wLn LN rﬂu‘i
a=d v j vebew 10t (2 Gghg Loun whit o ?oiu
a2 soux(),  diew v (sowme adde “s
t g rehteve Q@ H' « ‘7"5 rg,s"' \['LCL?
call  Hat  (in

A%z = ww AD

private:
int x; qE:}__-——’? &ZD
};
class C : public A b
{ A IE}_‘)_-
public: -
virtual void bar(); %”’ - B(3
virtual void £f1() { £2(); }
virtual void £2(); L=>do() n
private: 1
int y;
};
class D : public B, public C AVC:M (4 (> .
{ 14 .
public: C R :
virtual void baz(); IC i
virtual void £2() { cout << z; } {il
Vj

int z; -
}; Tvit
A A 4 G/_’?\B P Vw L A
! ) D *d=nuw DO) 1z v 3
R ¢ 14 X D
\ / A-> B'-:W V‘\“ﬁ '
D 0(9 C:6ar O c A[
A“'JS‘M'
d->8: suw() \ aside - 4o
P EXATI § id [
$ Cve=4,
&"\/
T emur
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cla

P

};

class

{
P

P

};

cla

};

cla

P

P

ss A
ublic:
virtual void
rivate:

int w;
B : public
ublic:

void foo() ;
virtual wvoid
virtual wvoid
rivate:

int x;

ss C : public
ublic:
virtual void
rivate:

int y;

ss D : public
ublic:
virtual wvoid
rivate:

int z;

)

foo ()
8 vhile
virtual A
S D vhik
bar () ;
baz () ;
B. 0(: (¥ ) b()'
i-—n ) & - § l.lns ,4’(}
virtual A Yw d h w U g"
7 Y byhs r..s‘ ‘;lffk & "’w

bar () ;

B, public C

baz () ;
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#include <iostream>

class A

{

public:
A() : w(l), v(2) {}
virtual ~A() {}

virtual void foo () {
std::cout << "A::foo " << this << " " << w << std::endl;
}
virtual void quux() = 0;
protected:
virtual void quuux(int a) {
std::cout << "A::quuux " << this << " " << w << " " << a << std::endl;
}
private:
int w, v;

bi

class B : public A
{

public:

B() { x=3;1}

void foo() {
std::cout << "B::foo " << this << " " << x << std::endl;
}
virtual void bar () {
std::cout << "B::bar " << this << " " << x << std::endl;
}
void quux () {
std::cout << "B::quux " << this << " " << x << std::endl;
}
private:
int x;

bi

class C : public A
{

public:

cO {y=4;1}

virtual void baz () {

std::cout << "C::baz " << this << " " << y << std::endl;
foo ()
quux () ;
}
private:
int y;

}i

class D : public B, public C
{

public:

DO { z=25;1}

virtual void quux() {

std::cout << "D::quux " << this << " " << z << std::endl;
std::cout << "D::B::A::w = " << *((int *) (((char *)this) + 8)) << std::endl;
}
private:
int z;

}i
typedef void(*method) (A*, int);

int main(int argc, char **argv)

{

new B();

B *b
D *d = new D();

// static calls
d->B::foo();
d=>C::foo();

// polymorphic calls
((B*)d)->foo () ;
((C*)d)->foo();
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// no pointer adjustment

d->bar () ;

// pointer adjustment before calls (equivalent to ((C*)d)->baz())
d->baz();

d->quux () ;

// error: quuux is protected...
//d=>B::quuux () ;

//...but we can get a pointer to it from the vtable
method *vtable = *((method **)d);
vtable[4] ((B*)d, 99);

w ln" ‘r ~A l”(
wn-km Fopt Wil newr e A)
derved clagig Al’wﬁ {le

delete d;
}
/*
An instance of A (as seen partway through the construction of an instance of D) 4
0x00000001004019de 6 AO :ow(l), v(2) {) G_.a,‘vhu. =
(gdb) print *this
$2 = {_vptr.A = 0x1004031b0 <vtable for A+l6>, w =1, v = 2} W I:J
(gdb) x/4xw this v E
Ox6000394f0:,é Il!aiom%lbo 1 OxOOOOOOOle OxOOOOOOOl’V 0x00000002
(gdb) x/8xg —
0x1004031a0 <_ZTVIA>: 0x0000000000000000 0x00000001004030d0
0x1004031b0 < ZTVIA+16>: 0x0000000000000000 0x0000000000000000
0x1004031c0 <_ZTV1A+32>: A"‘“ 0x00000001004018d0 xOOOOOOOlOO401230’w¢ virbal
0x1004031d0 <_ZTVIA+48>:1 AL et OxOOOOOOOlOO40l94O [ xOOOOOOOOOnmnnm&
(gdb) x/1i 0x00000001004UTeore=

0x1004018d0 <A::foo()>:
(gdb) x/1i 0x0000000100401230
0x100401230 <_ cxa pure virtual>:

push

%rbp
*0x6ff24%rip)
%rbp

jmpg
(gdb) x/1i 0x0000000100401940
0x100401940 <A::quuux(int)> push
. b -
An instance of B
(gdb) x/8xw b . G—% vhale |
0x6000394f£0: 0x004031f0 @ 0x00000001 ) w Ox@QOOOOOl \V 0x00000002 , w m
0x600039500 3 0x00000003f x J0x00000000™ 0x00p0005 pop:vAvavAvATAVY) .
(gdb) x/8xg Ox1004031c0 Y v
0x1004031e0 <_ZTV1B>: 0x0000000000000000 0x00000001004030e0 * ml
0x1004031f0 < ZTVIB+16>: 0x000000010020TCcZ0 ¢0=x0000000100401b£f0 g--,‘,s
0x100403200 <_ZTVIB+32>: 0x0000000100401a90 0x00000001004010b00 @2,
0x100403210 < ZTV1B+48>: 0x0000000100401940 x0000000100401a20
(gdb) x/14i 0x0000000100401 '
0x100401c20 push $rbp \
0x100401c21 mov $rsp, $rbp \
0x100401c24 sub $0x20, $rsp
0x100401c28 mov %rcx, 0x10 ($rbp) !
0x100401c2c lea 0x15bd (%rip), %r # 0x1004031£f0 < ZTV1B+16>
0x100401c33 mov 0x10 (%rbp) , $rax deived "’65 ‘“}Wl 734
0x100401c37 mov $rdx, ($rax)
0x100401c3a mov 0x10 (%rbp) , $rax \I+h94, '; v*‘u‘
0x100401c3e mov $rax, $rcx
0x100401c4l callg 0x100401a00 < hetmed P "n-lddw'b A deshwdor
0x100401c46 nop .
0x100401c47 add $0x20, $rsp !
0x100401c4b pop $rbp
0x100401cé4c retq ‘
(gdb) x/131i OxOOOOOOOlOO40lbe \
0x100401b£f0 s push %rbp \
0x100401bfl mov %rsp, ®bp
0x100401bf4 sub $0x20, $rsp ]
0x100401bf8 mov %rcx, 0x10 ($rbp) )
0x100401bfc mov 0x10 (3rbp) , $rcx
0%100401c00 callg 0x100401c20 <B::~ eall .......ul.lnb deshibov. ..
0x100401c05 mov $0x18, %edx .
0x100401c0Oa mov 0x10 (%rbp) , $rcx /
0x100401c0e callg 0x100401260 < zd . Mun Lt
0x100401cl13 nop /
0x100401c14 add $0x20, $rsp y
0x100401c18 pop Srbp '
0x100401cl9 retq /
(gdb) x/14i 0x100401a0 )
0x100401a00 <A:: > push Srbp
0x100401a0l1 <A:: +1>: mov $rsp, $rbp ‘
0x100401a04 <A +4>: mov $rcx, 0x10 (%5rb 1)
0x100401a08 <A +8>: lea 0x17al ($rip) , # 0x1004031b0 <_ZTV1A+16>
0x100401a0f <A:: +15> mov 0x10 (%rbp) , %, ¢
0x100401al3 <A:: +19> mov $rdx, ($rax)
0x100401al6 <A:: +22> nop
0x100401al7 <A:: +23> pop $rbp
0x100401al1l8 <A::~A()+24>: retq
(gdb) x/1i 0x0000000100401a90
0x100401a90 <B::foo()>: push %rbp
(gdb) x/1i 0x0000000100401b00
Nx10040THON <R+ -z () >+ rish %rhn
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0x100401al8 <A::~A()+24>: retq
(gdb) x/11 0x0000000100401a90 J
0x100401a90 <B::foo()>: push $rbp,
(gdb) x/11 0x0000000100401b00
0x100401b00 <B::quux()>: push $rbp
(gdb) x/11 0x0000000100401940
0x100401a20 <B::bar()> push Srbp 8
(gdb) x/12xw & \\ge 3
0x600039510: 0x00403270 0x00000001 \JOxOOOOOO VO 00000002 a‘ [
0x600039520:J= % 0x00000003 Ux00000000 V* AU
0x600039530: 0x00000001 v Ux000000T Y OIOOO‘ OXOOOOOOO
(gdb) x/l6xg 0x1004032%0. 7—‘—
0x100403260 <_zTV1D>: 0x0000000000000000 // 000000100403120
0x100403270 < ZTVID+16>: D::}? 0x0000000100401eal 7 x0000000100401e70 plor
0x100403280 <_ZTV1D+32>:| Qs 4w 0x0000000100401a90 0x0000000100401d70 D:tgew
0x100403290 < ZTV1D+48>: &, 0x0000000100401940¢4 0x0000000100401a20 L3
0x1004032a0 <_ZTV1D+64>: OxfITfffffffrirres / OxOOOOOOOlOO4O o0 ¢
0x1004032b0 < ZTV1D+80>: [ 3>) 0x0000000100401£10 / 000000100401£00 D"1D
0x1004032c0 <_ZTVID+96>: o foo 0x000000010040184, OOOOOOOlOO40lefO
0x1004032d0 < ZTV1D+112>1 0x0000000100401 O>\ 0000100401c80 b}
(gdb) x/1i 0x100401ea0 / __E’

0x100401leal <D::~D()> push Srbp
(gdb) x/11 0x100401e70

0x100401e70 <D::~D()> push 3rbp *L.wls
(gdb) x/11i 0x100401d70

0x100401d70 <D::quux()>: push %rbp
(gdb) x/31 0x100401f10

0x100401£10 < ZThn24 N1DD1Ev>: sub $0x18, $rcx

0x100401f14 <_2ZThn24 N1DD1Ev+4>: jmpg 0x100401eal0 <D{:~D()>

0x100401£19 < ZThn24 NlDDlEv+9>: nop
(gdb) x/31i 0x100401£00

0x100401£f00 < ZThn24 N1DDOEv>: sub $0x18, %rcx

0x100401f04 < ZThn24 N1DDOEv+4>: jmpg 0x100401e70 <Df:~D()>

0x100401£09 < ZThn24 N1DDOEv+9>: nop
(gdb) x/21 0x100401ef0

0x100401ef0 < ZThn24 N1D4quuxEv>: sub $0x18, %rcx mh, ﬁ‘,u(,‘mw* ‘\ “Is (‘J,"’NJ

0x100401efd4 < ZThn24 N1D4quuxEv+4>: Jmpg 0x100401d70 <D::quux()> ;'Vok‘ VN(LLO

0x1004010e0 <main (int, char**)> push Srbp

0x1004010el <main (int, char**)+1> push Srbx

0x1004010e2 <main(int, char**)+2>: sub $0x48,%rsp

0x1004010e6 <main (int, char**)+6>: lea 0x80 (%rsp), $rbp

0x1004010ee <main(int, char**)+14>: mov %ecx, -0x20 ($rbp)

0x1004010f1 <main (int, char**)+17>: mov $rdx, -0x18 ($rbp)

0x1004010£f5 <main (int, char**)+21>: callg 0x100401300 < main>

0x1004010fa <main(int, char**)+26>: mov $0x18, $ecx

0x1004010ff <main(int, char**)+31>: callg 0x100401310 < wrap Znwm> &llpe Y l,\,hs L«B

0x100401104 <main(int, char**)+36>: mov $rax, $rbx

0x100401107 <main(int, char**)+39>: mov $rbx, $rcx

0x10040110a <main(int, char**)+42>: callg 0x100401bc0 <B::B()>

0x10040110f <main(int, char**)+47>: mov %rbx, -0x48 ($rbp)

0x100401113 <main(int, char**)+51>: mov $0x30, $ecx

0x100401118 <main(int, char**)+56>: callg 0x100401310 <_ wrap_ Znwm> GJ'"' q% ‘,1"{5 L{ D

0x10040111d <main(int, char**)+61>: mov $rax, $rbx

0x100401120 <main (int, char**)+64>: mov %rbx, $rcx

0x100401123 <main(int, char**)+67>: callg 0x100401e80 <D::D()>

0x100401128 <main(int, char**)+72>: mov %rbx, -0x50 ($rbp)

0x10040112c <main(int, char**)+76>: mov -0x50 (%rbp) , $rax

0x100401130 <main(int, char**)+80>: mov $rax, $rcx

0x100401133 <main(int, char**)+83>: callg 0x10040lae0 <B::foo()>

0x100401138 <main(int, char**)+88>: mov -0x50 (%rbp) , 5rax

0x10040113c <main (int, char**)+92>: add $0x18, $rax

0x100401140 <main (int, char**)+96>: mov %rax, $rcx

0x100401143 <main(int, char**)+99>: callg 0x100401920 <A::foo()>

0x100401148 <main(int, char**)+104>: mov -0x50 (%rbp) , Srax

0x10040114c <main(int, char**)+108>: mov ($rax), %rax

0x10040114f <main(int, char**)+111>: add $0x10, $rax

0x100401153 <main (int, char**)+115>: mov ($rax), %rax

0x100401156 <main(int, char**)+118>: mov -0x50 ($rbp) , srdx

0x10040115a <main(int, char**)+122>: mov $rdx, $rcx

0x10040115d <main(int, char**)+125>: callg *%rax g. \)&)_b‘o()

0x10040115f <main(int, char**)+127>: cmpg $0x0, -0x507(%

0x100401164 <main (int, char**)+132>: cmpqgq $Ox0,—OX50(orbp)

0x100401169 <main(int, char**)+137>: je 0x100401175 <main (int, char**)+149>

0x10040116b <main (int, char**)+139>: mov -0x50 (%rbp) , 5rax

0x10040116f <main(int, char**)+143>: add $0x18, %rax

0x100401173 <main(int, char**)+147>: jmp 0x10040117a <main (int, char**)+154>

0x100401175 <main (int, char**)+149>: mov $0x0, %eax

0x10040117a <main (int, char**)+154>: mov ($rax), srax

0x10040117d <main (int, char**)+157>: add $0x10, $rax

0x100401181 <main (int, char**)+161>: mov ($rax), srax

0x100401184 <main (int, char**)+164>: cmpq $0x0, -0x50 (%$rbp)

0x100401189 <main(int, char**)+169>: Jje 0x100401195 <main (int, char**)+181>

0x10040118b <main (int, char**)+171>: mov -0x50 (%rbp) , $rdx

0x10040118f <main (int, char**)+175>: add $0x18, $rdx (—?«lr ul)udwvd DaOC

0x100401193 <main(int, char**)+179>: jmp 0x10040119%9a <mailn (int, char**)+186>

0x100401195 <main(int, char**)+181>: mov $0x0, $edx

0x10040119a <main(int, char**)+186>: mov $rdx, $rc

0x10040119d <main(int. char**)+189>: calla *$rax 7((»\ A>= LD
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*/

0x10040118f
0x100401193
0x100401195
0x10040119a
0x10040119d
0x10040119f
0x1004011a3
0x1004011a6
0x1004011laa
0x1004011ad
0x1004011b1
0x1004011b4
0x1004011b6
0x1004011ba
0x1004011be
0x1004011c2
0x1004011c5
0x1004011c9
0x1004011cd
0x1004011d0
0x1004011d2
0x1004011d6
0x1004011d9
0x1004011dd
0x1004011e0
0x1004011e4
0x1004011e7
0x1004011e9
0x1004011led
0x1004011£0
0x1004011f4
0x1004011£8
0x1004011fc
0x1004011ff
0x100401203
0x100401208
0x10040120a
0x10040120f
0x100401211
0x100401215
0x100401218
0x10040121c
0x10040121f
0x100401223
0x100401226
0x100401228
0x10040122d
0x100401231
0x100401232

char**
char**
char*x*
char**
char*x*
char**
char**
char**
char*x*
char**
char*x*
char**
char*x*
char**
char*x*
char**
char*x*
char**
char**
char**
char**
char**
char*x*
char**

<main (
<main (
<main (
<main (
<main (
<main (
<main (
<main (
<main (
<main (
<main (
<main (
<main (
<main (
<main (
<main (
<main (
<main (
<main (
<main (
<main (
<main (
<main (int,
<main (int,
<main (int,
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(

int,
int,
int,
int,
int,
int,
int,
int,
int,
int,
int,
int,
int,
int,
int,
int,
int,
int,
int,
int,
int,
int,

char**
char**
char**
char**
char**
char**
char**
char*x*
char**
char*x*
char**
char**
char**
char*x*
char**
char*x*
char**
char**
char**
char*x*
char**
char*x*
char**
char*x*

<main (int,
<main (int,
<main (int,
<main (int,
<main (int,
<main (int,
<main (int,
<main (int,
<main (int,
<main (int,
<main (int,
<main (int,
<main (int,
<main (int,
<main (int,
<main (int,
<main (int,
<main (int,
<main (int,
<main (int,
<main (int,
<main (int,
<main (int,
<main (int,
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)+175>:
)+179>:
)+181>:
)+186>:
) +189>:
)+191>:
) +195>:
)+198>:
) +202>:
)+205>:
) +209>:
)+212>:
) +214>:
)+218>:
) +222>:
) +226>:
) +229>:
) +233>:
) +237>:
) +240>:
) +242>:
)+246>:
) +249>:
)+253>:

char**)+256>:
)+260>:
) +263>:
) +265>:
) +269>:
)+272>:
) +276>:
) +280>:
) +284>:
) +287>:
) +291>:
)+296>:
) +298>:
)+303>:
)+305>:
)+309>:
) +312>:
)+316>:
) +319>:
)+323>:
) +326>:
) +328>:
) +333>:
) +337>:
) +338>:

add
jmp
mov
mov
callg
mov
mov
add
mov
mov
mov
callg
mov
mov
add
mov
mov
add
mov
callg
mov
mov
add
mov
mov
mov
callg
mov
mov
mov
mov
add
mov
mov
mov
callg
cmpq
Jje
mov
mov
add
mov
mov
mov
callg
mov
add
pop
pop

S0x18, srdx E=—
0x10040119%a <mailn (int,
$0x0, $edx

$rdx, $rc

*$rax )(( e A= held
-0x50 (%rbp) , Srax

($rax), $rax

$0x28, %rax

($rax), $rax

-0x50 (%rbp) , 5rdx

$rdx, $rcx

*$rax A—"SAI")
-0x50 (%rbp), $rax
0x18 (%rax), %$rax
$0x28, $rax
($rax),srax
—OXSO(arbp),ordx

$0x18, %rdx &= D =€ ptr -.l)

$rdx, $rcx

*Srax ‘-7',0\%()
-0x50 (%rbp), $rax
($rax),srax
$0x18, $rax
($rax),srax
-0x50 (%$rbp) ,
%rdx,orcx
*Srax bvuvf)
-0x50 ( orbp ,orax
($rax), $rax

%rax, —0x58 ($rbp)
-0x58 (%rbp) , srax
$0x20, $rax
(%rax),%rax

-0x50 (%rbp) , 5rcx
$0x63, sedx

*Srax -Ut(‘l)(d 1)
$0x0, -0x50 ($rbp)
0x100401228 <main (int,
-0x50 (%rbp), $rax
($rax),srax
$0x8, $rax
($rax),%srax
-0x50 (%$rbp) , $rdx
$rdx, $rcx

*$rax uh"t
$0x0, $eax

$0x48, %rsp

Srbx

$rbp

Srdx

¢ aAvstwunT Y ¢
char**)+186>

vhlle = ¥4
(-.n\-\. —WWrt\slt la'nh)

char**)+328>

3 4 b hu‘vs esdmibov fwun vinble



