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https://godbolt.org/z/5xz8hjj5E
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CPU операции
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bool atomic_compare_exchange_weak(atomic<T>* obj, T* expected, T desired);

CAS
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bool atomic_compare_exchange_weak(atomic<T>* obj, T* expected, T desired);

CAS

template <class T>  

struct atomic {  

    void store(T data);  

    T load() const;  

    T exchange(T data);  

    bool compare_exchange_weak(T& expected, T desired); 

}; 
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template<class T> 

class stack{ 

  std::atomic<node<T>*> head; 

 public: 

  void push(const T& data){ 

    node<T>* new_node = new node<T>(data); 

    new_node->next = head.load(); 

    while(!std::atomic_compare_exchange_weak(&head, &new_node->next, new_node)); 

  } 

};

CAS

bool atomic_compare_exchange_weak(atomic<T>* obj, T* expected, T desired);



HEAD

New

CAS

13



HEAD

New

CAS

14



HEAD

New

CAS

15



HEAD

CAS как удалять?

16



Hazard pointer



protected

retired

18



protected

retired

HEAD
1 2 3 4

19



protected

retired

HEAD
1 2 3 4

Read 
Thread

20



protected
2

retired

HEAD
1 2 3 4

Read 
Thread

21



protected
2

retired

HEAD
1 2 3 4

Read 
Thread

Delete 
Thread

22



protected
2

retired

HEAD
1

2

3 4

Read 
Thread

Delete 
Thread

23



protected
2

2retired

HEAD
1

2

3 4

Read 
Thread 24



protected
2

2retired

HEAD
1

2

3 4

Read 
Thread 25



protected

2retired

HEAD
1

2

3 4

26



protected

2retired

HEAD
1

2

3 4

Delete 
Thread

27



protected

2retired

HEAD
1

2

3 4

Delete 
Thread

28



protected

2retired

HEAD
1

2

3

Delete 
Thread

29



protected

2retired

HEAD
1 3

Delete 
Thread

30



protected

retired

HEAD
1 3

Delete 
Thread

31



protected

retired

const unsigned max_hazard_pointers = 100; 
 
struct hazard_pointer{ 
  std::atomic<std::thread::id> id; 
  std::atomic<void*> pointer; 
}; 
 
hazard_pointer hazard_pointers[max_hazard_pointers]; 
std::atomic<data_to_reclaim*> nodes_to_reclaim;
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std::shared_ptr<T> pop(){ 
  std::atomic<void*>& hp = get_hazard_pointer_for_current_thread(); 
  node<T>* old_head = head.load(); 
 
  do { 
    node<T>* temp; 
    do{ 
      temp = old_head; 
      hp.store(old_head); 
      old_head = head.load(); 
    } while(old_head != temp) 
  } while(old_head &&  
          !head.compare_exchange_weak(old_head, old_head->next)); 
   
  hp.store(nullptr); 
 
  std::shared_ptr<T> res; 
  if (old_head){ 
    res.swap(old_head->data); 
    if(outstanding_hazard_pointers_for(old_head)){ 
      reclaim_latter(old_head); 
    } else { 
      delete old_head; 
    } 
  }  
  delete_nodes_with_no_hazards(); 
  return res; 
}
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std::shared_ptr<T> pop(){ 
  std::atomic<void*>& hp = get_hazard_pointer_for_current_thread(); 
  // ... 
}
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class hp_owner{ 
  hazard_pointer* hp_; 
public: 
  hp_owner(const hp_owner&) = delete; 
  hp_owner operator=(const hp_owner&) = delete; 
 
  hp_owner(); 
  ~hp_owner(); 
 
  std::atomic<void*>& get_pointer(){ 
    return hp_->pointer; 
  } 
}; 

 
std::atomic<void*>& get_hazard_pointer_for_current_thread(){ 
  thread_local static hp_owner hazard; 
  return hazard.get_pointer(); 
}
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const unsigned max_hazard_pointers = 100; 
 
struct hazard_pointer{ 
  std::atomic<std::thread::id> id; 
  std::atomic<void*> pointer; 
}; 

hazard_pointer hazard_pointers[max_hazard_pointers]; 

 
hp_owner(): hp_(nullptr) { 
  for(auto& hazard_pointer : hazard_pointers){ 
    std::thread::id old_id; 
    if(hazard_pointer.id.compare_exchange_strong(old_id,  
                                                 std::this_thread::get_id())) 
    { 
      hp_ = &hazard_pointer; 
      break; 
    } 
  } 
  if(!hp_) throw std::runtime_error(«No hp available»); 
} 36



 
~hp_owner(){ 
  hp->pointer.store(nullptr); 
  hp->id.store(std::thread::id()); 
}
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class hp_owner{ 
  hazard_pointer* hp; 
public: 
  hp_owner(const hp_owner&) = delete; 
  hp_owner operator=(const hp_owner&) = delete; 
 
  hp_owner(); 
  ~hp_owner(); 
 
  std::atomic<void*>& get_pointer(); 
}; 

 
std::atomic<void*>& get_hazard_pointer_for_current_thread(){ 
  thread_local static hp_owner hazard; 
  return hazard.get_pointer(); 
}
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std::shared_ptr<T> pop(){ 
  std::atomic<void*>& hp = get_hazard_pointer_for_current_thread(); 
  node<T>* old_head = head.load(); 
 
  do { 
    node<T>* temp; 
    do{ 
      temp = old_head; 
      hp.store(old_head); 
      old_head = head.load(); 
    } while(old_head != temp) 
  } while(old_head && !head.compare_exchange_weak(old_head, old_head->next)); 
   
  // ... 
}
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std::shared_ptr<T> pop(){ 
  std::atomic<void*>& hp = get_hazard_pointer_for_current_thread(); 
  node<T>* old_head = head.load(); 
 
  do { 
    node<T>* temp; 
    do{ 
      temp = old_head; 
      hp.store(old_head); 
      old_head = head.load(); 
    } while(old_head != temp) 
  } while(old_head && !head.compare_exchange_weak(old_head, old_head->next)); 
   
  // ... 
}
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std::shared_ptr<T> pop(){ 
  std::atomic<void*>& hp = get_hazard_pointer_for_current_thread(); 
  node<T>* old_head = head.load(); 
 
  do { 
    node<T>* temp; 
    do{ 
      temp = old_head; 
      hp.store(old_head); 
      old_head = head.load(); 
    } while(old_head != temp) 
  } while(old_head && !head.compare_exchange_weak(old_head, old_head->next)); 
   
  // ... 
}

t

Head_1 Head_2

read 1

Head_2

read 3

Head_2

read 2
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std::shared_ptr<T> pop(){ 
  std::atomic<void*>& hp = get_hazard_pointer_for_current_thread(); 
  node<T>* old_head = head.load(); 
 
  do { 
      // ... 
  } while(old_head &&  
          !head.compare_exchange_weak(old_head, old_head->next)); 
   
  hp.store(nullptr); 
 
  std::shared_ptr<T> res; 
  if (old_head){ 
    res.swap(old_head->data); 
    if(outstanding_hazard_pointers_for(old_head)){ 
      reclaim_latter(old_head); 
    } else { 
      delete old_head; 
    } 
  }  
  delete_nodes_with_no_hazards(); 
  return res; 
}
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std::shared_ptr<T> pop(){ 
  // .. 
 
  std::shared_ptr<T> res; 
  if (old_head){ 
    res.swap(old_head->data); 
    if(outstanding_hazard_pointers_for(old_head)){ 
      reclaim_latter(old_head); 
    } else { 
      delete old_head; 
    } 
  }  
  delete_nodes_with_no_hazards(); 
  return res; 
}
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bool outstanding_hazard_pointers_for(void* p){ 
  for(auto & hazard_pointer : hazard_pointers){ 
    if(hazard_pointer.pointer.load() == p){ 
      return true; 
    } 
  } 
  return false; 
}

const unsigned max_hazard_pointers = 100; 
 
struct hazard_pointer{ 
  std::atomic<std::thread::id> id; 
  std::atomic<void*> pointer; 
}; 

hazard_pointer hazard_pointers[max_hazard_pointers]; 
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std::shared_ptr<T> pop(){ 
  // .. 
 
  std::shared_ptr<T> res; 
  if (old_head){ 
    res.swap(old_head->data); 
    if(outstanding_hazard_pointers_for(old_head)){ 
      reclaim_latter(old_head); 
    } else { 
      delete old_head; 
    } 
  }  
  delete_nodes_with_no_hazards(); 
  return res; 
}
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template<typename T> 
void do_delete(void* p){ 
  delete static_cast<T*>(p); 
} 
 
struct data_to_reclaim 
{ 
    void* data; 
    std::function<void(void*)> deleter; 
    data_to_reclaim* next; 
 
    template<typename T> 
    data_to_reclaim(T* p): 
      data(p), 
      deleter(&do_delete<T>), 
      next(nullptr) 
    {} 
 
    ~data_to_reclaim(){ 
      deleter(data); 
    } 
}; 
 
 

void add_to_rlist(data_to_reclaim* node){ 
  node->next = nodes_to_reclaim.load(); 
  while(!nodes_to_reclaim.compare_exchange_weak( 
    node->next, node)); 
} 
 
template<typename T> 
void reclaim_later(T* data){ 
  add_to_reclaim_list(new data_to_reclaim(data)); 
}

 
std::atomic<data_to_reclaim*> nodes_to_reclaim; 
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template<typename T> 
void do_delete(void* p){ 
  delete static_cast<T*>(p); 
} 
 
struct data_to_reclaim 
{ 
    void* data; 
    std::function<void(void*)> deleter; 
    data_to_reclaim* next; 
 
    template<typename T> 
    data_to_reclaim(T* p): 
      data(p), 
      deleter(&do_delete<T>), 
      next(nullptr) 
    {} 
 
    ~data_to_reclaim(){ 
      deleter(data); 
    } 
}; 
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void add_to_rlist(data_to_reclaim* node){ 
  node->next = nodes_to_reclaim.load(); 
  while(!nodes_to_reclaim.compare_exchange_weak( 
    node->next, node)); 
} 
 
template<typename T> 
void reclaim_later(T* data){ 
  add_to_reclaim_list(new data_to_reclaim(data)); 
}

 
std::atomic<data_to_reclaim*> nodes_to_reclaim; 



std::shared_ptr<T> pop(){ 
  // ... 
 
  std::shared_ptr<T> res; 
  // ... 
  delete_nodes_with_no_hazards(); 
  return res; 
}
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void delete_nodes_with_no_hazard(){ 
  data_to_reclaim* current = nodes_to_reclaim.exchange(nullptr); 
  while (current) 
  { 
    data_to_reclaim* const next = current->next; 
    if(!outstanding_hazard_pointers_for(current->data)){ 
      delete current; 
    } else { 
      add_to_reclaim_list(current); 
    } 
    current = next; 
  } 
} 

 
std::atomic<data_to_reclaim*> nodes_to_reclaim; 
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std::shared_ptr<T> pop(){ 
  std::atomic<void*>& hp = get_hazard_pointer_for_current_thread(); 
  node<T>* old_head = head.load(); 
 
  do { 
    node<T>* temp; 
    do{ 
      temp = old_head; 
      hp.store(old_head); 
      old_head = head.load(); 
    } while(old_head != temp) 
  } while(old_head &&  
          !head.compare_exchange_weak(old_head, old_head->next)); 
   
  hp.store(nullptr); 
 
  std::shared_ptr<T> res; 
  if (old_head){ 
    res.swap(old_head->data); 
    if(outstanding_hazard_pointers_for(old_head)){ 
      reclaim_latter(old_head); 
    } else { 
      delete old_head; 
    } 
  }  
  delete_nodes_with_no_hazards(); 
  return res; 
}

58

// однопоточный stack 
std::shared_ptr<T> pop(){ 
  if (head == nullptr) 
    return nullptr; 
 
  std::shared_ptr<T>  
       res = head->data; 
 
  head = head->next; 
  return res; 
} 
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Data 

Время (D) (D)

1 (0) (0)

2 (1) (0)

3 (1) (1)

4 (2) (0)

Регистры LOCK-FREE

Data 
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Время (D,V) (D,V)

1 (0, v0) (0, v0)

2 (1, v1) (0, v0)

3 (1, v1) (1, v1)

4 (2, v2) (0, v2)

Регистры LOCK-FREE

Data 
------------- 

Version

Data 
------------- 

Version
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16  
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——— 
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read 1 read 2
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Регистры LOCK-FREE
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Data 
------------- 

Version

Время (D,V) (D,V)

1 (0, v0) (0, v0)

2 (1, v1) (0, v0)

3 (1, v1) (1, v1)

4 (2, v2) (0, v2)

Регистры LOCK-FREE

Data 
------------- 

Version

SCAN() -> 
 (0, v0) (1, v1)
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Data 
------------- 

Version

Время (D,V) (D,V)

1 (0, v0) (0, v0)

2 (1, v1) (0, v0)

3 (1, v1) (1, v1)

4 (2, v2) (0, v2)

Регистры LOCK-FREE

Data 
------------- 

Version

SCAN() -> 
 (0, v0) (1, v1) 

 (1, v1) (1, v1)
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Регистры LOCK-FREE

Data 
------------- 

Version

Data 
------------- 

Version

Время (D,V) (D,V)

1 (0, 0) (0, 0)

2 (1, 1) (0, 0)

3 (1, 1) (1, 1)

4 (2, 2) (0, 2)

SCAN() -> 
 (0, v0) (1, v1) 

 (1, v1) (1, v1)
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Регистры LOCK-FREE

Data 
------------- 

Version

Data 
------------- 

Version

Время (D,V) (D,V)

1 (0, v0) (0, v0)

2 (1, v1) (0, v0)

3 (1, v1) (1, v1)

4 (2, v2) (0, v2)

SCAN() -> 
 (0, v0) (1, v1) 

 (1, v1) (1, v1) 

 (1, v1) (0, v2)



69

Регистры LOCK-FREE

Data 
------------- 

Version

Data 
------------- 

Version

Время (D,V) (D,V)

1 (0, v0) (0, v0)

2 (1, v1) (0, v0)

3 (1, v1) (1, v1)

4 (2, v2) (0, v2)

SCAN() -> 
 (0, v0) (1, v1) 

 (1, v1) (1, v1) 

 (1, v1) (0, v2) 

 (2, v2) (0, v2)



70

Регистры LOCK-FREE

Data 
------------- 

Version

SCAN() -> 
 (0, v0) (1, v1) 

 (1, v1) (1, v1) 

 (1, v1) (0, v2) 

 (2, v2) (0, v2) 

 (2, v2) (0, v2)

Data 
------------- 

Version

Время (D,V) (D,V)

1 (0, v0) (0, v0)

2 (1, v1) (0, v0)

3 (1, v1) (1, v1)

4 (2, v2) (0, v2)
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Время (D,V) (D,V)

1 (0, v0) (0, v0)

2 (1, v1) (0, v0)

3 (1, v1) (1, v1)

4 (2, v2) (0, v2)

Регистры SWMR WAIT-FREE

Data 
------------- 

Version

Data 
------------- 

Version
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Время (D,V,Snapshot) (D,V,Snapshot)

1 (0, v0,[0;0]) (0, v0,[0;0])

2 (1, v1,[0;0]) (0, v0,[0;0])

3 (1, v1,[0;0]) (1, v1,[1;0])

4 (2, v2,[1;1]) (0, v2,[1;1])

Регистры SWMR WAIT-FREE

Data 
-------------

Version 
------------- 
Snapshot

Data 
-------------

Version 
------------- 
Snapshot
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update(Data d) { 
  Snapshot s = get_snapshot(); 
  write(d, v + 1, s); 
} 

t

Регистры SWMR WAIT-FREE

Data 
-------------

Version 
------------- 
Snapshot

Data 
-------------

Version 
------------- 
Snapshot

get_snapshot():
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get_snapshot():

t

Регистры SWMR WAIT-FREE
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-------------
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------------- 
Snapshot

Data 
-------------

Version 
------------- 
Snapshot

r

update(Data d) { 
  Snapshot s = get_snapshot(); 
  write(d, v + 1, s); 
} 



75

t

Регистры SWMR WAIT-FREE

Data 
-------------

Version 
------------- 
Snapshot

Data 
-------------

Version 
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r r
V      =       V

update(Data d) { 
  Snapshot s = get_snapshot(); 
  write(d, v + 1, s); 
} 

get_snapshot():
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t

Регистры SWMR WAIT-FREE

Data 
-------------
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------------- 
Snapshot

Data 
-------------

Version 
------------- 
Snapshot

rr

u1
get_snapshot

update(Data d) { 
  Snapshot s = get_snapshot(); 
  write(d, v + 1, s); 
} 

get_snapshot():

V      ≠       V
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Data 
-------------
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V      =       V

update(Data d) { 
  Snapshot s = get_snapshot(); 
  write(d, v + 1, s); 
} 
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get_snapshot
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16  
—— 
v2 

—— 
[?, ?]

t

t

R1

R2

77 
—— 
v33 
—— 
[?, ?]

16  
—— 
v2 

—— 
[?, ?]

88 
—— 
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—— 
[?, ?]

read 1 read 2

get_snapshot

88 
—— 
v34 
—— 
[?, ?]

read 3

89 
——— 

v35 
——— 

[16, 88]

16  
—— 
v2 

—— 
[?, ?]

89 
—— 
v35 
—— 

[16, 88]

get_snapshot

Регистры SWMR WAIT-FREE
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Конец


