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int atomicAdd(int* address, int val);

float atomicAdd(float* address, float val);

int atomicSub(int* address, int val);

int atomicExch(int* address, int val);

float atomicExch(float* address, float val);

int atomicMin(int* address, int val);

int atomicMax(int* address, int val);

unsigned int atomicInc(unsigned int* address, unsigned int val);

unsigned int atomicDec(unsigned int* address, unsigned int val);

int atomicCAS(int* address, int compare, int val);

int atomicAnd(int* address, int val);  // bitwise

int atomicOr(int* address, int val);   // bitwise

int atomicXor(int* address, int val);  // bitwise
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// atomicCAS:
// atomic compare and swap performs this logic atomically 
int atomicCAS(int* addr, int compare, int val) {

int old = *addr;
*addr = (old == compare) ? val : old;
return old;

}

void atomic_max(int* addr, int x) {
int old = *addr;
int new = max(old, x);
while (atomicCAS(addr, old, new) != old) {
old = *addr;
new = max(old, x);

}
}

▪
int atomic_increment(int* addr, int x);   // for signed values of x
void lock(int* addr);
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atomic<int> i;

i++; // atomically increment i

int a = i;

// do stuff

i.compare_exchange_strong(a, 10);   // if i has same value as a, set i to 10

bool b = i.is_lock_free();          // true if implementation of atomicity

// is lock free
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struct Node {

int value;

Node* next;

};

struct List {

Node* head;

};

void insert(List* list, int value) {

Node* n = new Node;

n->value = value;

// assume case of inserting before head of

// of list is handled here (to keep slide simple)

Node* prev = list->head;

Node* cur = list->head->next;

while (cur) {

if (cur->value > value)

break;

prev = cur;

cur = cur->next;

}

n->next = cur; 

prev->next = n;

}

void delete(List* list, int value) {

// assume case of deleting first element is

// handled here (to keep slide simple)

Node* prev = list->head;

Node* cur = list->head->next;

while (cur) {

if (cur->value == value) {

prev->next = cur->next;

delete cur;

return;

}

prev = cur;

cur = cur->next;

}

}
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void insert(List* list, int value) {

Node* n = new Node;

n->value = value;

lock(list->lock);

// assume case of inserting before head of

// of list is handled here (to keep slide simple)

Node* prev = list->head;

Node* cur = list->head->next;

while (cur) {

if (cur->value > value)

break;

prev = cur;

cur = cur->next;

}

n->next = cur;

prev->next = n;

unlock(list->lock);

}

void delete(List* list, int value) {

lock(list->lock);

// assume case of deleting first element is

// handled here (to keep slide simple)

Node* prev = list->head;

Node* cur = list->head->next;

while (cur) {

if (cur->value == value) {

prev->next = cur->next;

delete cur;

unlock(list->lock);

return;

}

prev = cur;

cur = cur->next;

}

unlock(list->lock);

}

struct Node {

int value;

Node* next;

};

struct List {

Node* head;

Lock  lock;

};
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struct Node {

int value;

Node* next;

};

struct List {

Node* head;

};
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void insert(List* list, int value) {

Node* n = new Node;

n->value = value;

// assume case of inserting before head of

// of list is handled here (to keep slide simple)

Node* prev = list->head;

Node* cur = list->head->next;

while (cur) {

if (cur->value > value)

break;

prev = cur;

cur = cur->next;

}

prev->next = n;

n->next = cur;

}

void delete(List* list, int value) {

// assume case of deleting first element is

// handled here (to keep slide simple)

Node* prev = list->head;

Node* cur = list->head->next;

while (cur) {

if (cur->value == value) {

prev->next = cur->next;

delete cur;

return;

}

prev = cur;

cur = cur->next;

}

}
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struct Node {

int value;

Node* next;

Lock* lock;

};

struct List {

Node* head;

Lock* lock;

};

void insert(List* list, int value) {

Node* n = new Node;

n->value = value;

// assume case of insert before head handled

// here (to keep slide simple)

Node* prev, *cur;

lock(list->lock);

prev = list->head;

cur = list->head->next;

lock(prev->lock);

unlock(list->lock); 

if (cur) lock(cur->lock);

while (cur) {

if (cur->value > value)

break;

Node* old_prev = prev;

prev = cur;

cur = cur->next;

unlock(old_prev->lock);

if (cur) lock(cur->lock);

}

n->next = cur; 

prev->next = n;

unlock(prev->lock);

if (cur) unlock(cur->lock);

}

void delete(List* list, int value) {

// assume case of delete head handled here

// (to keep slide simple)

Node* prev, *cur;

lock(list->lock);

prev = list->head;

cur = list->head->next;

lock(prev->lock);

unlock(list->lock); 

if (cur) lock(cur->lock)

while (cur) {

if (cur->value == value) {

prev->next = cur->next;

unlock(prev->lock);

unlock(cur->lock);

delete cur; 

return;

}

Node* old_prev = prev;

prev = cur;

cur = cur->next;

unlock(old_prev->lock);

if (cur) lock(cur->lock);

}

unlock(prev->lock);

}
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struct Tree {

Node* root;

};

struct Node {

int value;

Node* left;

Node* right;

};

void insert(Tree* tree, int value);

void delete(Tree* tree, int value);
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struct Queue { 

int data[N];

int head;   // head of queue

int tail;   // next free element

};

void init(Queue* q) {

q->head = q->tail = 0;

}

// return false if queue is full
bool push(Queue* q, int value) {

// queue is full if tail is element before head  
if (q->tail == MOD_N(q->head - 1))

return false;

q.data[q->tail] = value;
q->tail = MOD_N(q->tail + 1);
return true;

}

// returns false if queue is empty
bool pop(Queue* q, int* value) {

// if not empty
if (q->head != q->tail) {

*value = q->data[q->head];
q->head = MOD_N(q->head + 1); 
return true;

}
return false;

}
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struct Node {

Node* next;

int value;

};

struct Queue { 

Node* head; 

Node* tail;

Node* reclaim;

};

void init(Queue* q) {

q->head = q->tail = q->reclaim = new Node;

}

void push(Queue* q, int value) {

Node* n = new Node;
n->next = NULL;
n->value = value;

q->tail->next = n;
q->tail = q->tail->next;

while (q->reclaim != q->head) {
Node* tmp = q->reclaim;
q->reclaim = q->reclaim->next;
delete tmp;

}
}

// returns false if queue is empty
bool pop(Queue* q, int* value) {

if (q->head != q->tail) {
*value = q->head->next->value;
q->head = q->head->next; 
return true;

}
return false;

}
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struct Node {

Node* next;

int value;

};

struct Stack { 

Node* top;

};

void init(Stack* s) {

s->top = NULL;

}

void push(Stack* s, Node* n) {

while (1) {

Node* old_top = s->top;

n->next = old_top;

if (compare_and_swap(&s->top, old_top, n) == old_top)

return;

}

}

Node* pop(Stack* s) {

while (1) {

Node* old_top = s->top;

if (old_top == NULL)

return NULL;

Node* new_top = old_top->next;

if (compare_and_swap(&s->top, old_top, new_top) == old_top)

return old_top;

}

}



A B C

top

B C

top

D B C

top

D B CA

top

B C

top



struct Node {

Node* next;

int value;

};

struct Stack { 

Node* top;

int pop_count;

};

void init(Stack* s) {

s->top = NULL;

}

void push(Stack* s, Node* n) {

while (1) {

Node* old_top = s->top;

n->next = old_top;

if (compare_and_swap(&s->top, old_top, n) == old_top)

return;

}

}

Node* pop(Stack* s) {

while (1) {

int pop_count = s->pop_count;

Node* top = s->top;

if (top == NULL)

return NULL;

Node* new_top = top->next;

if (double_compare_and_swap(&s->top,       top,       new_top,

&s->pop_count, pop_count, pop_count+1))

return top;

}

}

▪
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struct Node {
Node* next;
int value;

};

struct Stack { 
Node* top;
int pop_count;

};

void init(Stack* s) {
s->top = NULL;

}

void push(Stack* s, int value) {
Node* n = new Node;
n->value = value;
while (1) {

Node* old_top = s->top;
n->next = old_top;
if (compare_and_swap(&s->top, old_top, n) == old_top)

return;
}

}

int pop(Stack* s) {
while (1) {

Stack old;
old.pop_count = s->pop_count;
old.top = s->top;

if (old.top == NULL)
return NULL;

Stack new_stack;
new_stack.top = old.top->next;
new_stack.pop_count = old.pop_count+1; 

if (doubleword_compare_and_swap(&s, &old, new_stack))
int value = top->value;
delete top;
return value;

}
}

}



struct Node {
Node* next;
int value;

};

struct Stack { 
Node* top;
int pop_count;

};

// per thread ptr (node that cannot 
// be deleted since the thread is 
// accessing it)
Node* hazard;

// per-thread list of nodes thread 
// must delete
Node* retireList;
int   retireListSize;

void init(Stack* s) {
s->top = NULL;

}

void push(Stack* s, int value) {
Node* n = new Node;
n->value = value;
while (1) {

Node* old_top = s->top;
n->next = old_top;
if (compare_and_swap(&s->top, old_top, n) == old_top)

return;
}

}

int pop(Stack* s) {
while (1) {

Stack old;
old.pop_count = s->pop_count;
old.top = s->top;

if (old.top == NULL) return NULL;

hazard = old.top;
Stack new_stack;
new_stack.top = old.top->next;
new_stack.pop_count = old.pop_count+1; 

if (doubleword_compare_and_swap(&s, &old, new_stack)) 
{

int value = old.top->value;
retire(old.top);
return value;

}
hazard = NULL;

}
}

// delete nodes if possible
void retire(Node* ptr) {

push(retireList, ptr);
retireListSize++;

if (retireListSize > THRESHOLD)
for (each node n in retireList) {

if (n not pointed to by any
thread’s hazard pointer) {

remove n from list
delete n;

}
}

}



struct Node {

int value;

Node* next;

};

struct List {

Node* head;

};

// insert new node after specified node

void insert_after(List* list, Node* after, int value) {

Node* n = new Node;

n->value = value;

// assume case of insert into empty list handled

// here (keep code on slide simple for class discussion)

Node* prev = list->head;

while (prev->next) {

if (prev == after) {

while (1) {

Node* old_next = prev->next;

n->next = old_next;

if (compare_and_swap(&prev->next, old_next, n) == old_next)

return;

}

}

prev = prev->next;

}

}
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http://developers.memsql.com/blog/common-pitfalls-in-writing-lock-free-algorithms/

