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1971
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1979



vCPU 1

MOV [a] ← 0 ; MOV [b] ← 0

MOV [a] ← 1
MOV [b] ← 2

r2 = 2; r1 = 0 

vCPU 2

MOV _r2 ← [b]
MOV _r1 ← [a]



1️⃣ MOV [a] ← _1_2️⃣ MOV [b] ← _2_

3️⃣ MOV  r2 ← [b]4️⃣ MOV  r1 ← [a]

r2 = 2; r1 = 0 



r2 = 2; r1 = 0 



2️⃣ MOV [a] ← _1_3️⃣ MOV [b] ← _2_

1️⃣ MOV  r2 ← [b]4️⃣ MOV  r1 ← [a]

r2 = 2; r1 = 0 
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2009
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CPU 1 CPU 2

MOV [a] ← 0 ; MOV [b] ← 0

MOV [a] ← 1
MOV [b] ← 2

MOV r2 ← [b]
MOV r1 ← [a]

r2 = 2; r1 = 0 



CPU 1 CPU 2

MOV [a] ← 0 ; MOV [b] ← 0

MOV [a] ← _1_
MOV r2  ← [b]

MOV [b] ← _1_
MOV r1  ← [a]

r2 = 0; r1 = 0 





CPU 1 CPU 2

MOV [a] ← 0 ; MOV [b] ← 0

MOV [a] ← 1
MOV [b] ← 2

MOV r2 ← [b]
MOV r1 ← [a]

r2 = 2; r1 = 0 





CPU 1

MOV [x] ← 0

MOV [x] ← 1

r1 = 1; r2 = 2; r3 = 2; r4 = 1 

CPU 2

MOV [x] ← 2
CPU 3

MOV r1 ← [x]
MOV r2 ← [x] 

CPU 4

MOV r3 ← [x]
MOV r4 ← [x] 





Thread 1

int x = 0

x = 1

r1 = 1; r2 = 2; r3 = 2; r4 = 1 

Thread 2

x = 2
Thread 3

r1 = x
r2 = x

Thread 4

r3 = x
r4 = x



ỉ



(1996)

Thread 1 Thread 2

_________int x___ = 0
volatile int flag = 0

___x = 1
flag = 1

while (flag == 0) { sleep() }
assert x == 1 _______________



(2004)





Thread 1

int x = 0

lock a__

x = 1

unlock a

Thread 2

lock b__

x = 2

unlock b

Thread 3

lock a________
lock b____

r1 = x
x = r1
r2 = x

unlock b__
unlock a______r1 == r2



Thread 1

int x = 0

lock a__

x = 1

unlock a

Thread 2

lock b__

x = 2

unlock b

Thread 3

lock a________
lock b____

r1 = x
x = r1
r2 = x

unlock b__
unlock a______r1 == r2



Thread 1

int x = 0

lock a__

x = 1

unlock a

Thread 2

lock b__

x = 2

unlock b

Thread 3

lock a________
lock b____

r1 = x

r2 = x

unlock b__
unlock a______r1 == r2



Thread 1

int x = 0

lock a__

x = 1

unlock a

Thread 2

lock b__

x = 2

unlock b

Thread 3

lock a________
lock b____

r1 = x
x = r1
r2 = x

unlock b__
unlock a______r1 == r2



Thread 1

int x = 0

lock a__

x = 1

unlock a

Thread 2

lock b__

x = 2

unlock b

Thread 3

lock a________
lock b____

r1 = x
x = r1
r2 = x

unlock b__
unlock a______x = r1



https://bugs.openjdk.org/browse/JDK-8262877


(2011)



Thread 1

std::atomic<int> x = 0
std::atomic<int> y = 0

if (x.load(relaxed) == 1)
y.store(1, relaxed)

Thread 2

if (y.load(relaxed) == 1)
x.store(1, relaxed)

x = 1; y = 1 



Thread 1

int a = 0
std::atomic<int> x = 0
std::atomic<int> y = 0

if (x.load(rlx) == 1)
if (a == 1)_______
y.store(1, rlx)

Thread 2

if (y.load(rlx) == 1)
x.store(1, rlx)

x = 0 ; y = 0

Thread 0

a = 1



Thread 1

int a = 0
std::atomic<int> x = 0
std::atomic<int> y = 0

if (x.load(rlx) == 1)
if (a == 1)_______
y.store(1, rlx)

Thread 2

if (y.load(rlx) == 1)
x.store(1, rlx)

Thread 0

a = 1

ị



Thread 1

int a = 0
std::atomic<int> x = 0
std::atomic<int> y = 0

a = 1________________
if (x.load(rlx) == 1)
if (a == 1)_______
y.store(1, rlx)

Thread 2

if (y.load(rlx) == 1)
x.store(1, rlx)

Thread 0

ị
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2018



b == a + 10
b, a

b = a + 10_

Thread 0



b == a + 10

c = a + 10_

//some code
b = a + 10_

b, a

Thread 1Thread 0

c = 1

int c = 0



b == a + 10

t = a + 10_
c = t______
//some code
b = t______

b, a

Thread 1Thread 0

c = 1

int c = 0



t = a + 10_
c = t______
//some code
b = c______

b, a

Thread 1Thread 0

c = 1

int c = 0

b == a + 10



t = a + 10_
c = t______
//some code
b = c______

b, a

Thread 1Thread 0

c = 1

int c = 0

b == a + 10



Thread 0

C c = new C()
c.x = 42____
int a = c.x_

__

class C { int x }

a == 42
a



Thread 0

C c = new C()
c.x = 42____
int a = c.x_
global = c__

Thread 1

global.x = 7

class C { int x }

C global = new C() 

a == 42
a



Thread 0

C c = new C()
c.x = 42____
global = c__
int a = c.x_

Thread 1

global.x = 7

class C { int x }

C global = new C() 

a == 42
a
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