Jlekuma 2.
Kak 6opoTbCA C yTeYKamm
DecypcoB?



Yactb 1. [lamaTb



[lpouecc M NOTOKM

* [1pouecc — pecypcsl:
* 3 pecHoe NPOoCTPaHCTBO (MamATb)

e 06beKTbl Aapa (barnosble 4EeCKPUNTOPbLI, OOBEKTbI
CMHXPOHM3ALMUN, COKETHI, ...)

* [TOTOK — BbINO/IHEHUE UHCTPYKL NI
* nocaenoBate/sibHOCTb KOMaHA

* CTEK
 thread local storage (TLS)
* MCNONb3YIOT 0bLLMe pecypcbl NpoLecca



YCTPOMNCTBO NaMATU NpoLecca

 CermeHT Kopa (text)

* CermeHT AaHHbIX:
— [nobanbHblie NepemMeHHble

— BSS (rnobanbHbie
nepemeHHble be3
NHULUMaNN3aLmnm)

— Heap (morkeT 6biTb HE 0AUH)

e CermeHT CTEeKa

— CTEeK MOMKeT bbITb He OoAUH

e from http://www.sw-at.com
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http://www.sw-at.com/

* 3a4a4Mm:

CTpaHMUYHaA NaMATb

Virtual address space

0x00000000
0x00010000

n3bexxatb GparmeHTaUmIo
N301AUMA NPOLLECCOB

CTPaHULbl TONIbKO ANA YTEHUA oxioosooso.

N HENCIMOJ/IHAEMDbIE
CBOMUHT

oTobpaxKeHne B NaMATb
dannos

pa3gensemas npoueccamum
obLlaa namaTb

Ox TFEFFFE |

Physical address space

0x00000000

e \
| . “ . -\x\%k‘

y

D page belonging to process

Ox00ffffff

|:| page not belonging to process

from http://en.wikipedia.org/wiki/Page table



http://en.wikipedia.org/wiki/Page_table

YKasaTtenwum

* ObblyHaA NnepemeHHasn

— Ox4c24 42 int c, pasmep 4 Ganta
— Pa3mep: malunHHoe
CNOBO
— 3Ha4vYeHue: aapec Ox4a08 | Ox4c24 |int* p, pasmep 4/8 GaiT
ApYyron nepemeHHou

1. |int c = 42;
2. |int* p = &c;
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PasbimeHOoBaHUe. B3aTne agpeca

* B3aTtne agpeca:

int ¢
int *p

42;
&c;

std: :cout << &c;

=P W

Ox0038f7d8

* Pa3bimeHOBaHUe:

1. |int = 10;

2. |1int = &cC;

3.

4. |*p = 5;

5. |std::cout << *p << " " << € << endl;
1. |55
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Hynesoun yka3aTtenb u nullptr

e [apaHTUPYETCH, YTO HET OOBEKTOB C HY/N1EBLIM a4PECOM —
MCNOJIb3yeM KaK YKa3aTesb, KOTOPbIX HE CCbl1IaeTca Ha
0bbeKT

1. |[void make(int value) { cout << "int value"; }
2. |void make(char* object){ cout << "char* object"; }
3.

4. |int main()

5. ¢

6. char* uno = 0;

/.

8. const int NULL = ©;

9. char* due = NULL;

10.

11. char* tre = nullptr;

12.

13. make(0);

14. make(nullptr);

15.

16. return 0;

17. | };
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KOHCTaAHTbI

* lcnonb3ynte BMecTo magic numbers

* HacTto ONTMMN3INPYOTCA Ha 3Talne KOMNMIAuunuu

N N I
> WwnNE o

Lo e = en b s e e b=

const double pi = 3.14;
const double e; // error: must be initialized if not extern
const double coef[3] = {1, 2, 1};

// just C++ type, not memory allocation type
int value = 5;
const int* pvalue = &value;

value = 7; // good
*pvalue = 9; // error

// no optimization
extern const int answer;
const double* ppi = &pi;
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KOHCTaHTHbIe YKa3aTenu

—FUK4024 const int ¢ —» Ox4c24 42 int ¢
pasmep 4 bawTa pasmep 4 banTta
0x4a08 | Oxdc24 | const int* p 0Ox4a08 nt *const p

pasmep 4/8 bant |pasmep 4/8 Gait
1. 1. int ¢ = 5;
2. const int c = ©; 2. int *const p = &c;
3. const int *p = &c; 3.
4. int const *q = &c; 4. *p = 5; // ok
5. 5. p=20; // error
6. *p = 5; // error 6.
7. p=0; // ok 7. int const *const full = &c;
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BblaeneHne namatu

* BoigeneHne/ocsoboxaeHne namatu B heap:
onepartopbl new/delete

* [Ipn HexBaTKe NaMATU FreHepupyeTCca NCKAKDYeHne
std: :bad _alloc

1.
2 try
A
3. int* p = new int (42);
4. int* arr = new int [get count()];
5.
6. delete p;
7. delete [] arr;
8. |1}
9. |catch(std::bad_alloc const&)
10. |1
11 /] ...
12. ’
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new & delete *

* Placement new:

1. void* p = ..;

2. T* pt = new (p) T(..);
3. pt->~T();

o

[epeonpeneneHne onepaTopos:

v wWNBR

void* operator new (size t );
void operator delete(void* p);

void* operator new [] (size t );
void operator delete[] (void *p);
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YTeykn namatm (memory leaks)™

* Windows (debug runtime):

coNOUT D WNDN R

int main()
{
_CrtSetDbgFlag(
_CrtSetDbgFlag( CRTDBG_REPORT FLAG) |
CRTDBG_LEAK_CHECK_DF);
/]l ...
}

* Unix, linux: valgrind (with debug symbols)

vih WN PR

% valgrind --tool=memcheck --leak-check=yes my test

==5015== 100 bytes in 1 blocks are definitely lost in loss record 1 of 1
==5015== at ©x1B900DDO: malloc (vg_replace_malloc.c:131)

==5015== by Ox804840F: main (in /home/cpp/my_ test.cpp:15)
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YacTtb 2. Kak 60opoTbca € yTeyKamm?



[Topmep yTeuykun pecypcos

* EcTb 1M npobembl B 3TOM Koge”?

{

OooNOULDES, WDN R

R R R R R R R
OV WNRO® -

=
~N
-

void save to(char* filename, document const& doc)

// allocates memory and concatenates with folder prefix
char* path = to_sys path(filename);

FILE* £ = fopen(path, "bw+");
if (f == 0)
return;

// allocates memory and construct contiguous buffer

size t size = doc.size();

if (fwrite(doc.data(), 1, doc.size(), f) == size)
doc.set modified(false);

delete [] path;
fclose(f);
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[lpnmep yTeuykun pecypcoB

* Auto, ecnin set _modified 6pocaeTt ncknUveHmnA?

{

OO0 ~NOUL D WDN PR

R R RPRRRRR
oV PdwWNR® -

=
N
-

void save to(char* filename, document const& doc)

// allocates memory and concatenates with folder prefix
char* path = to _sys path(filename);

FILE* f = fopen(path, "bw+");
if (f == 0)
return;

// allocates memory and construct continuous buffer

size t size = doc.size();

if (fwrite(doc.data(), 1, doc.size(), f) == size)
doc.set _modified(false);

delete [] path;
fclose(f);

Valery Lesin, C++, 2019




RAIl, onpepgeneHune

* Resource Acquisition Is Initialization

e CuMmMmeTpUuYHaa paboTta c pecypcom:
* [lonyyaem pecypc (Mam co3gaem) B KOHCTPYKTOpPE
* OcBoboXKaaem ero B AecTpyKTope

* Koraa 10KanbHbIM 06bEKT BbIXOANUT U3 0bnacTy
nencTemaA (cBoero ckoyna), Bbi3biBaeTCA
NeCTPYKTOp — 0cBOOOXKAaeTcAa CBA3aHHbIN C HUM

pecypc.

* O6beKTbl yaanaoTca B nopAaKke obpaTHOM UX
CO34aHu0 — yaobHO ANA yaaneHmna 3aBUCUMbIX
0OBbEeKTOoB.



[Toumep RAIl Knacca

OWooONOUVIDWDNPRE

R R R R
WNNR O -

NNNNNNMNMNNRRRERERRR
NOUDdWNREOUOWWONO U N

struct out _bin file

{
out _bin file(const char* name)
: file (fopen(name, "bw+")){}
~out _bin file(){ fclose(file ); }
private:
out _bin file(out _bin file const&);
out _bin file& operator=(out _bin file const&);
private:
FILE* file_;
¥
void foo()
{
// this file will be always closed
// before returning from this function
out bin file file("~/some.txt");
if (...)
return;
throw std::runtime_error("oops...");
//.. some code
}
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[Toumep RAIl Knacca

OWooONOUVIDWDNPRE

R R R R
WNNR O -

NNNNNNMNMNNRRRERERRR
NOUDdWNREOUOWWONO U N

struct out _bin file

{

out _bin file(const char* name)

: file (fopen(name, "bw+")){}
~out _bin file(){ fclose(file ); }

//.. from C++11

out _bin file(out bin file const&) = delete;

out_bin_ file& operator=(out bin file const&) = delete;
private:

FILE* file_;
¥
void foo()
{

// this file will be always closed

// before returning from this function

out bin file file("~/some.txt");

if (...)

return;

throw std::runtime_error("oops...");

//.. some code
}
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[Toumep RAIl Knacca

OWooONOUL D WNPE

struct out _bin file
: boost::noncopyable

{
out_bin file(const char* name)
: file (fopen(name, "bw+")){}
~out _bin file(){ fclose(file ); }
private:
FILE* file_;
¥
void foo()
{
// this file will be always closed
// before returning from this function
out_bin file file("~/some.txt");
if (...)
return;
throw std::runtime_error("oops...");
//.. some code
}
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CHOBa Npumep yTeuykn pecypcos

OooNOTUVTDS, WDN PR

R PR RPRRRRR
NoOubDwNR© -

{

void save to(char* filename, document const& doc)

// allocates memory and concatenates with folder prefix
char* path = to_sys path(filename);

FILE* £ = fopen(path, "bw+");
if (f == 0)
return;

// allocates memory and construct continuous buffer

size t size = doc.size();

if (fwrite(doc.data(), 1, doc.size(), f) == size)
doc.set modified(false);

delete [] path;
fclose(f);
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A Tenepb c ucnonb3osaHmem RAIl

1. void save to(string const& filename, document const& doc)
2. {

3. ofstream ofs(to_sys path(filename), ios base::binary);
4.

5. if(ofs.write(doc.data(), doc.size()))

6. doc.set _modified(false);

7. }

* Tako KO, He COAEePXKUT yTeYEK Pecypcos

* OH CcTa/l KOMNaKTHee, Bbipa3uTe/sibHee U npoLe and
NOHMMaHUA.




YMHbIe yKa3aTenu

* [louTun Te e YRa3aTeJ/in, TOJZIbKO CJ/1IeErka yMmHee
* npeacTtaBnAtoT cobon RAIl Knaccbl

* YaCTO NOAAEPKMBAIOT TOT XKe NHTEPENC, YTO U
0OblyHble YKa3aTenu: op->, op™*, op< (Hanpumep,
4Tobbl NONOXKUTL B std: :set)

* CAMM YyNpPaBASAIOT BPpEMEHEM XKN3HM 0ObeKTa —
BOBPEMSA BbI3bIBAOT AECTPYKTOPbI M 0OCBOOOKAAQIOT
namaATb



[lonb3a YMHbIX YKa3aTeneu

e ABTOMaTM4eCcKoe ocBObOKaAeHUe NamATH Npu
yYAANEHUN CAMOTO YKa3aTens

* be30nacHOCTb UCKNHOYEHUN

1. void fool()

2. {

3. shared ptr<my class> ptr(new my class("arg"));

4, // or shorter definition:

5. auto ptr = make_shared<my class>("arg");

6.

7. ptr->bar(); // if throws exception, nothing bad happens
8. }

9.

10. void foo2()

11. | {

12. my class* ptr = new my class(/*...*/);

13. ptr->bar(); // oops, troubles in case of exception
14. delete ptr; // common trouble is to forget to delete
15. |}
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[TonynAapHblie YMHble YKa3aTenu

* boost :: scoped ptr (yxe HerT)
e std::unique ptr

* std:: shared ptr

* std ::weak ptr

 boost :: intrusive ptr

* Deprecated: std :: auto ptr (3ameHeH Ha
unique ptr)
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scoped ptr

* YnobeH ANnA XxpaHEeHMA YKa3aTena Ha CTEKE UK

nosnem Knacca. He nossongaer KOMMNPOBATbCA.

cONO UL P~ WDN PR

R PR R R R
R R RPUDNWNROUO
m\lm.......

template<class T> struct scoped ptr : noncopyable

{
public:

typedef T element_type;

explicit scoped ptr(T* p = 0);
~scoped _ptr();

void reset(T* p = 0);
T& operator *() const;
T* operator->() const;

T* get() const;

explicit operator bool() const;

Iy

scoped ptr<int> p(new int(5));
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[Toyemy explicit KOHCTPYKTOpP?

//what if scoped ptr had NOT explicit constructor
void foo(scoped ptr<my class> ptr)

{
¥

/¥, %/
auto p = new my class(/*...*/);
foo(p); // epic fail, p is not valid after this call

p->do_smth();// error
delete p; // one more error

R R, OOCONOUVIA WDNPR

R ® -
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BO3MOXHOCTU scoped ptr

e CambI¥ NpocTon, bbICTPbIN

* Henb3s KonupoBaTb U NepemeLLaTb (move)
* Henb3a ncnonb3oBaTb B Sstl KOHTENMHEpPaX

e lna maccuBa: scoped_array

* [Mpn onpegeneHnun He TpebyeT NONHbIKM TUN, ANA
MHCTaHUMPOBaHUN — TpebyeT

* HeT 0cobbIX NPUYNH MCNONB30BATb, ECAN AOCTYNEH
std::unique_ptr



BO3MOXHOCTU scoped ptr

* [Mpn onpegeneHnun He TpebyeT NONHbIKM TUN, ANA
MHCTaHUMPOBaHUN — TpebyeT
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TpeboBaHMe NOAHOTLI TUNA

1 #include <boost/scoped ptr.hpp>
2

3 // b.h

4 struct A;

5 struct B

6 {

7 boost::scoped ptr<A> a;

8 // some declarations

9 // but no explicit destructor
10 |};

11

12 // main.cpp

13 #include "b.h"

14

15 int main()

16 {

17 B b;

18 return 0;

19 }

* TaKOM Ko, NPUBOAMUT K OLLMBOKE KOMNUAALNM




checked delete

// scoped ptr.hpp

~scoped ptr() // never throws

{
boost::checked delete(ptr);

}

// checked delete.hpp
template<class T>

coNOUV1T A W N R

9|inline void checked delete(T * x)

10| {

11 // intentionally complex - simplification causes regressions
12 typedef char type must be complete[ sizeof(T)? 1: -1 ];

13 (void) sizeof(type_must be complete);

14 delete x;

15|}

* In60 CTOUT 06BABUTHL NOJHOCTBLIO TUN A B TOM }Ke
3arosioBoYyHoM ¢pamne nocne Tmna B

e JlInb6o Tmny B Heobxoanmo nobaBuUTb 0bbABAEHME
%ecquy)KTopa (onpeneneHmne moxeT bbITb B APYrom cpp-
anne
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std: :unique ptr

* Bnapgeet 06beKTOM 3KCK/IHO3MBHO

* Henb3a KonnpoBsaTb, HO MOXKHO NepemeLaTb

* YNoH6HO Mcnonb3oBaTh Npu Bo3BpaTte nU3 GpyHKLUU
* YNobHO ncnonb3oBatb Ana pimpl

* [TONHbIN TUN HYXEH NINLLIb HA MOMEHT yAaNeHUA

* YnobHO MCNonb30BaTb A1A NOAA Knacca (Ho
BO3MOXHO, nyywe optional<T>)

* Ectb pyHKUMA T* release(), oTaaeT BNageHue

template<class T, class Deleter = std::default delete<T>>
class unique_ ptr;

template<class T, class Deleter>
class unique ptr<T[], Deleter>;

vi A WIN PR
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shared ptr

* MMoppepr*KMBaeT OOLWMIM CYETYMNK CCbIIOK Ha
BblAeNeHHbIA OOBbEKT

* Ynanset o6beKT ToNbKO, KOraa nocieaHnin ms
ccbinatowmxca shared_ptr’os yaanserca nam
MPUHMMAET YKa3aTe/lb Ha APYron o6 bekT

shared ptr<T> a

T object

shared ptr<T>Db

size_t count: 3

shared ptr<T>c
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shared ptr

* YnobeH ana pasaeneHus BnageHnem
* MOXXHO BO3BpaLLaTb U3 GYHKLUNN

* (*)MorKHO nepenaBaTb MexXay MOAYAAMMU - 3aNOMUHAET
NPaBUAbHYIO PYHKLUMIO yaaneHusa (U3 Hy*KHon bubanoTeKkn)

template<class T> struct shared ptr
{
/* more than scoped ptr has */
shared ptr(shared ptr const & r);
template<class Y> shared ptr(shared ptr<Y> const & r);

shared ptr(shared ptr && r);
template<class Y> shared ptr(shared ptr<Y> && r);

OWoONOUVIT D WN B

R PR R
WNR O -

bool unique() const;
long use _count() const;

/X0 %/

¥
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shared ptr

* Mo»KHO KnacTtb B STL KOHTEeMHepbl (ecTb AaXKe cpaBHeHUe)

* [loNHbIN TUN TPebyeT TO/IbKO Ha MOMEHT
KOHCTPYMPOBAHMA OT YKasaTensa

* N36eramte unknoB (ncnonb3ymte weak ptr)

* N36erante nepenaym BpeMeEHHbIX YKa3aTenen B
shared ptr B choXHblIN BbipaXKeHUsAX:

void foo(shared ptr<A> a, int){/*...*/}
int bar() {/*may throw exception*/}

int main()

{

// be careful, it’s dangerous!
foo(shared ptr<A>(new A), bar());

oo NOYUVTL A WDN P
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make shared, allocate shared

// usual way
shared ptr<some struct> ptr(new some struct(a, b, c));

// better way
auto ptr = make_shared<some_struct>(a, b, c);

o b W N B

* YMHbIN YKa3aTeNnn U30ANPYIOT HE TO/IbKO OnepaTopbl
delete, HO M new

* BoioenseT namaTb Ha CYETYMK OAHUM BJTIOKOM C
0bbEeKToOM

e [1nA BblAEeNEeHUA CO CBOU A/I/IOKAaTOPOM UCMONb3YUTE
allocate shared
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weak ptr

LoNOTULITA WNBER

struct client;
struct server

{
//...
using client ptr = shared ptr<client>;
vector<client ptr> clients ;
¥
struct client
{
/] ...
weak_ptr<server> srv_;
}
//... in client member function
if(auto srv = srv_.lock())
{
srv->send(/*...*/)
}

Valery Lesin, C++, 2019




boost::intrusive ptr

e XpaHUT CYETUYMK CCbIJIOK HEMNOCPEACTBEHHO B 0OBbEKTE

+ HeT 4ONONHUTENbHbIX PAacXxoAoB Ha BblAe/ieHue
namaATu

+ MoXHO nepeaasaTb «CbIPOMN» yKasaTenb

+ Cambln BbICTPbIN N3 YMHbIX YKa3aTenemn,
pasgenarwmx sBnageHune

TpebyeT BMeLWwaTenbCcTBO B Kaacc
MoryT 6bITb Npobs1eMbl NPU NOCTPOEHUN NEPAPXUN

* Ecnv HeoueBmaHo, yto intrusive ptr pacr Bam
BbIUTPbILW, NonpobyinTte cnepsa shared ptr
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shared from this*

W 0 N O U1 b W N PR

R R R R R R
i D W N RO

struct client

: enable _shared_from_this

typedef shared ptr<client> ptr _t;

ptr_t create(/*...*/) { return ptr_t(new client(/*...*/)); }

void on_connected(service* srv)

srv->handle read(bind(&client::on_read, shared from this(), 1));

X D){/*.. %/ // private constructor (1)

void on_read(/*...*/){/*...*/}

{

private:
{
}
client(/*
/[]e...

}s
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boost optional

* OYyeHb NOXOX Ha YKa3aTesib, HO XPaHWUT NO 3HAYEHMUIO B
KayecTtBe cBoero nons. Bmecrte ¢ dnarom

MHUUMANU3aLUNN.

1 optional<double> try get value()

2 {

3 if (has_value)

4 return value;

5 else

6 return nullopt;

7 }

8 [/

9 struct A

10 {

11 A(some_struct& s, double d);

12 }

13 Jio 0o

14 optional<A> a (A(s, 5.)); // makes copy
15 optional<A> b (in_place, ref(s), 5.); // inplace construction
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Bonpocobi?



3aBTpa

* Move semantics, rvalue reference, perfect forwarding
e Callbacks: lambda, bind & function

* 3aa4a4a ANAa camoctoAaTenbHoro peweHua: linked _ptr<T>



