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@ Sekcja 1.7: The C ++ memory model

@ The fundamental storage unit in the C ++ memory model is the byte. A byte is at least large enough to
contain any member of the basic execution character set (2.3) and the eight-bit code units of the Unicode
UTF-8 encoding form and is composed of a contiguous sequence of bits, the number of which is
implementation- defined. The least significant bit is called the low-order bit; the most significant bit is
called the high-order bit. The memory available to a C ++ program consists of one or more sequences of
contiguous bytes. Every byte has a unique address. [ Note: The representation of types is described in
3.9. — end note ] A memory location is either an object of scalar type or a maximal sequence of adjacent
bit-fields all having non-zero width. [ Note: Various features of the language, such as references and
virtual functions, might involve additional memory locations that are not accessible to programs but are
managed by the imple- mentation. — end note ] Two or more threads of execution (1.10) can update and
access separate memory locations without interfering with each other. [ Note: Thus a bit-field and an
adjacent non-bit-field are in separate memory locations, and therefore can be concurrently updated by
two threads of execution without interference. The same applies to two bit-fields, if one is declared inside
a nested struct declaration and the other is not, or if the two are separated by a zero-length bit-field
declaration, or if they are separated by a non-bit-field declaration. It is not safe to concurrently update
two bit-fields in the same struct if all fields between them are also bit-fields of non-zero width. — end note
1[ Example: A structure declared as struct char a; int b:5, c:11, :0, d:8; struct int ee:8; e; ; contains four
separate memory locations: The field a and bit-fields d and e.ee are each separate memory locations,
and can be modified concurrently without interfering with each other. The bit-fields b and c together
constitute the fourth memory location. The bit-fields b and c cannot be concurrently modified, but b and
a, for example, can be. — end example ]
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1[ Example: A structure declared as struct char a; int b:5, c:11, :0, d:8; struct int ee:8; e; ; contains four
separate memory locations: The field a and bit-fields d and e.ee are each separate memory locations,
and can be modified concurrently without interfering with each other. The bit-fields b and c together
constitute the fourth memory location. The bit-fields b and c cannot be concurrently modified, but b and
a, for example, can be. — end example ]

@ Sekcja 1.10: Multi-threaded executions and data races

@ (niecate 4 strony)
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@ ,Conflicting access”:

e Ta sama lokacja w pamieci

e Min. 1 watek czyta

@ Min. 1 (inny) watek pisze
@ ,Data race”:

e ,Conflicting access”

e Jednoczesnie z min. 2 watkdéw
@ ,Data race” != ,race condition”
@ Standard:

e Wymaga - ,data race free” (DRF)
e Zapewnia — ,sequential consistency” (SC)
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Sequential consistency

@ Poczatkowox =y =a=b =0
@ Jaki bedzie wynik?

1 void threadl(void) 1 void thread2(void)
> A > A
3 x = 1; 3 y =1;
s a=y; o b=x;
s} s}
@ Mozliwe wyniki:
ea=0b=1
ea=1,b=0
ea=1b=1
@ Bylenie:a=0,b=0!
@ SC == mozliwos¢ zrozumienia kodu

@ Niezaleznie od optymalizacji :-)



Done!
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1 struct Hmmm

> A

3 char a;

4 char b;

s}

s Hmmm h;
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g // thread 2: h.b=42;
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Z punktu widzenia programisty. ..

@ Standard == wspdlna ptaszczyzna
@ Spdjny, ustandaryzowany, przenosny...
@ Definuje co oznacza ,shared variable”

1 struct Hmmm

> A

3 char a;

4 char b;

s}

s Hmmm h;

7 // thread 1: h.a=42;
g // thread 2: h.b=42;

@ Wyscig czy nie?
@ C++11: nie
@ pthreads: mozliwe. ..
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Prosty model (SC)

@ Model ,przeplatania watkéw”. ..

1 void threadl(void) 1 void thread2(void)
2 A 2 A

3 X = 3 y =1,

4 a=y; 4 b = x;

5} 5}

@ Jedlia,b,x,y toint
@ Mozliwe a = b = 0!
@ Pozadane optymalizacje
e Kompilatory
@ Sprzet
@ Jak zapewni¢ SC?
@ Powiedzie¢ o tym kompilatorowi! :-)
e X,y typu std::atomic<int>
e Alternatywnie uzy¢ std::mutex
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Ograniczanie radosnych optymalizacji

@ Kompilator nie moze robi¢ wszystkiego
e Musi zapewnic¢ SC (dla DRF)
o Nie moze wprowadza¢ DR

1 // INPUT: 1 // OPTL: 1 // OPT2:

2 int foo(int a) 2 int foo(int a) 2 int foo(int a)
3 { 3 3 {

4 if(a<l) 4 if(a>2) 4 const int tmp=b;
5 b=2; 5 b=2; 5 b=2;

6 if(a==2) 6 else 6 if(a==1)

7 b=2; 7 if(a<l) 7 b=tmp;

8 if(a>2) 8 b=2; 8 return b;

9 b=2; 9 else 9

10 return b; 10 if(a==2) 10

11 11 b=2; 11

12 12 return b; 12

13} 13} 13}

@ Poprawne czy nie?
@ Tylko optl
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Const czy nie-const

C++98/03:
e const-logiczny (,,obserwowalny”)
e const-faktyczny (,binarny”)

o C++11:

e const-binarny

e const-synchronizowany

Nie jest wymagane ale. ..
Inaczej:

e Ograniczone uzycie...
e Mozliwy DR...

STL zaktada const-binarny

Réwniez dla typdw uzytkownika
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@ Przekazywanie sygnatu gotowosci:

void threadl(void)

{

answer
done

askComputer();
true;

1

2
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void thread2(void)

{

while(not done)
yield();
cout << "the_answer_is "
<< answer << endl;
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1 void thread2(void)

void threadl(void) > |
{ 3 while(not done)
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Hej — skoriczytem!

@ Przekazywanie sygnatu gotowosci:

1 void thread2(void)

1 void threadl(void) > |
> A 3 while(not done)
3 answer = askComputer(); : yield();
a done = true; 5 cout << "the_answer_is_ "
5} 6 << answer << endl;
7}
@ Co moze pojsc nie tak?
@ DR na done
@ Dlaczego nie DR na answer?
@ Moze volatile bool done?
@ volatile | = std::atomic!
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4 thread th2( [&]() 1 void thread2(ThreadSafeQueue& q)
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6 thread2(q); 3 while(true)

7 ) 4 {

8 th2.detach(); 5 auto e=q.pop(); // blocks
9 for(int i=0; i<10; ++i) 6 process(e);

10 { 7 }

11 g.push(i+42); g }

12 yield();

13 }

14}
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Konczymy prace?

@ Wspdtpraca z odtgczonym watkiem 2:

1 int main(void)

2 A

3 ThreadSafeQueue q;

4 thread th2( [&]() 1 void thread2(ThreadSafeQueue& q)
5 { 2 A

6 thread2(q); 3 while(true)

7 ) 4 {

8 th2.detach(); 5 auto e=q.pop(); // blocks
9 for(int i=0; i<10; ++i) 6 process(e);

10 { 7 }

11 g.push(i+42); g }

12 yield();

13 }

14}

@ Co moze pojsc nie tak?
@ DR podczas niszczenia q
@ Jak to naprawi¢?
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Sprawdzmy co$

@ Poczatkowox =y =10

@ Zmienne typu int

1 void threadl(void) 1 void thread2(void)
2 { 2 A

3 if(x) 3 if(y)

4 y=1; 4 x=1;

5 0} 5 0}

@ Jaki problem?

@ Zaden!
o Wystepuje ,conflicting access”
@ Brak jednoczesnosci

@ Ale x =y = 2 implikuje DR...
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Warto zobaczy¢

@ C++ And Beyond 2012
@ Threads and Shared Variables in C++11
@ Hans Boehm

@ nhttp://channel9.msdn.com/Events/GoingNative/GoingNative- 2012/
Threads-and-Shared-Variables-in-C-11
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