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P1 : x := 2

memory

pool of 
views

local 
view

2 33 2

x := 3

1 6

x := 1

4 1

Read
1. select view in memory
2. variable time stamp      yours
3. update local view





y := 5

8 7

x := 1

4 1

y := 1

9 0

Release-Acquire (RA)

P1

P2

P4

P3

P1 : a := x

P1 : b := y

P1 : x := 2

memory

pool of 
views

local 
view

2 33 2

x := 3

1 6

max

x := 1

4 1

Read
1. select view in memory
2. variable time stamp      yours
3. update local view





y := 5

8 7

x := 1

4 1

y := 1

9 0

Release-Acquire (RA)

P1

P2

P4

P3

P1 : a := x

P1 : b := y

P1 : x := 2

memory

pool of 
views

local 
view

2 33 2

x := 3

1 6

max

x := 1

4 1

Read
1. select view in memory
2. variable time stamp      yours
3. update local view



4 2



y := 5

8 7

x := 1

4 1

y := 1

9 0

Release-Acquire (RA)

P1

P2

P4

P3

P1 : a := x

P1 : b := y

P1 : x := 2

memory

pool of 
views

local 
view

2 33 2

x := 3

1 6

max

x := 1

4 1

Read
1. select view in memory
2. variable time stamp      yours
3. update local view



4 2



Release-Acquire (RA)

P1

P2

P4

P3

P1 : a := x

P1 : b := y

P1 : x := 2

memory

pool of 
views

x := 1

4 1

local 
view

2 34 2

y := 1

9 0

x := 3

1 6

Read
1. select view in memory
2. variable time stamp      yours
3. update local view



y := 5

8 7



Release-Acquire (RA)

P1

P2

P4

P3

P1 : a := x

P1 : b := y

P1 : x := 2

memory

pool of 
views

x := 1

4 1

local 
view

2 34 2

y := 1

9 0

x := 3

1 6

1

Read
1. select view in memory
2. variable time stamp      yours
3. update local view



y := 5

8 7



Release-Acquire (RA)

P1

P2

P4

P3

P1 : a := x

P1 : b := y

P1 : x := 2

memory

pool of 
views

x := 1

4 1

local 
view

2 34 2

y := 1

9 0

x := 3

1 6

1

Read
1. select view in memory
2. variable time stamp      yours
3. update local view



y := 5

8 7

a := 1e1 



Release-Acquire (RA)

P1

P2

P4

P3

view

P1 : a := x

P1 : b := y

P1 : x := 2

memory

pool of 
views

x := 1

4 1

y := 1

9 0

local 
view

4 2

x := 3

1 6

1

y := 5

8 7

a := 1e1 



Release-Acquire (RA)

P1

P2

P4

P3

view

P1 : a := x

P1 : b := y

P1 : x := 2

memory

pool of 
views

x := 1

4 1

y := 1

9 0

local 
view

4 2

x := 3

1 6

P4

Write
1. create new local view
2. variable time stamp: 

i.  newer than yours
ii. not in memory

3. copy new view to memory

1

y := 5

8 7

a := 1e1 



Release-Acquire (RA)

P1

P2

P4

P3

view

P1 : a := x

P1 : b := y

P1 : x := 2

memory

pool of 
views

x := 1

4 1

y := 1

9 0

local 
view

4 2

x := 3

1 6

P4

Write
1. create new local view
2. variable time stamp: 

i.  newer than yours
ii. not in memory

3. copy new view to memory

1

y := 5

8 7

a := 1e1 



Release-Acquire (RA)

P1

P2

P4

P3

view

P1 : a := x

P1 : b := y

P1 : x := 2

memory

pool of 
views

x := 1

4 1

y := 1

9 0

local 
view

4 2

x := 3

1 6

P4

Write
1. create new local view
2. variable time stamp: 

i.  newer than yours
ii. not in memory

3. copy new view to memory

1

y := 5

8 7

a := 1e1 



Release-Acquire (RA)

P1

P2

P4

P3

view

P1 : a := x

P1 : b := y

P1 : x := 2

memory

pool of 
views

x := 1

4 1

y := 1

9 0

local 
view

4 2

x := 3

1 6

P4

Write
1. create new local view
2. variable time stamp: 

i.  newer than yours
ii. not in memory

3. copy new view to memory

1

y := 5

8 7

a := 1e1 



Release-Acquire (RA)

P1

P2

P4

P3

view

P1 : a := x

P1 : b := y

P1 : x := 2

memory

pool of 
views

x := 1

4 1

y := 1

9 0

local 
view

4 2

x := 2

5 2

x := 3

1 6

P4

Write
1. create new local view
2. variable time stamp: 

i.  newer than yours
ii. not in memory

3. copy new view to memory

1

y := 5

8 7

a := 1e1 



Release-Acquire (RA)

P1

P2

P4

P3

view

P1 : a := x

P1 : b := y

P1 : x := 2

memory

pool of 
views

x := 1

4 1

y := 1

9 0

local 
view

4 2

x := 2

5 2

x := 3

1 6

P4

Write
1. create new local view
2. variable time stamp: 

i.  newer than yours
ii. not in memory

3. copy new view to memory

5 2

1

y := 5

8 7

a := 1e1 



Release-Acquire (RA)

P1

P2

P4

P3

view

P1 : a := x

P1 : b := y

P1 : x := 2

memory

pool of 
views

x := 1

4 1

y := 1

9 0

local 
view

4 2

x := 2

5 2

x := 3

1 6

P4

Write
1. create new local view
2. variable time stamp: 

i.  newer than yours
ii. not in memory

3. copy new view to memory

5 2

1

y := 5

8 7

a := 1e1 



Release-Acquire (RA)

P1

P2

P4

P3

view

P1 : a := x

P1 : b := y

P1 : x := 2

memory

pool of 
views

x := 1

4 1

y := 1

9 0

local 
view

4 2

x := 2

5 2

x := 3

1 6

P4

Write
1. create new local view
2. variable time stamp: 

i.  newer than yours
ii. not in memory

3. copy new view to memory

5 2

1

y := 5

8 7

a := 1e1 



Release-Acquire (RA)

P1

P2

P4

P3

view

P1 : a := x

P1 : b := y

P1 : x := 2

memory

pool of 
views

x := 1

4 1

y := 1

9 0

local 
view

4 2

x := 2

5 2

x := 3

1 6

P4

Write
1. create new local view
2. variable time stamp: 

i.  newer than yours
ii. not in memory

3. copy new view to memory

5 2

1

y := 5

8 7

a := 1e1 
x := 2e2 



Release-Acquire (RA)

P1

P2

P4

P3

P1 : a := x

P1 : b := y

P1 : x := 2

memory

pool of 
views

x := 1

4 1

y := 1

9 0

local 
view

5 2

x := 2

5 2

x := 3

1 6

1

y := 5

8 7

a := 1e1 
x := 2e2 



Release-Acquire (RA)

P1

P2

P3

P1 : a := x

P1 : b := y

P1 : x := 2

memory

pool of 
views

x := 1

4 1 x := 3

1 6

local 
view

x := 2

5 2

1

P4

y := 1

9 0

y := 5

8 7

5 2 a := 1e1 
x := 2e2 

Read
1. select view in memory
2. variable time stamp      yours
3. update local view





Release-Acquire (RA)

P1

P2

P3

P1 : a := x

P1 : b := y

P1 : x := 2

memory

pool of 
views

x := 1

4 1 x := 3

1 6

local 
view

x := 2

5 2

1

P4

y := 1

9 0

y := 5

8 7

5 2 a := 1e1 
x := 2e2 

Read
1. select view in memory
2. variable time stamp      yours
3. update local view





Release-Acquire (RA)

P1

P2

P3

P1 : a := x

P1 : b := y

P1 : x := 2

memory

pool of 
views

x := 1

4 1 x := 3

1 6

local 
view

x := 2

5 2

1

P4

y := 1

9 08
y := 5

8 7

5 2 a := 1e1 
x := 2e2 

Read
1. select view in memory
2. variable time stamp      yours
3. update local view





Release-Acquire (RA)

P1

P2

P3

P1 : a := x

P1 : b := y

P1 : x := 2

memory

pool of 
views

x := 1

4 1 x := 3

1 6

local 
view

x := 2

5 2

1

P4

y := 1

9 08
4

y := 5

8 7

5 2 a := 1e1 
x := 2e2 

Read
1. select view in memory
2. variable time stamp      yours
3. update local view





Release-Acquire (RA)

P1

P2

P3

P1 : a := x

P1 : b := y

P1 : x := 2

memory

pool of 
views

x := 1

4 1 x := 3

1 6

local 
view

x := 2

5 2

1

P4

4

y := 5

8 7

5 2 a := 1e1 
x := 2e2 

Read
1. select view in memory
2. variable time stamp      yours
3. update local view





Release-Acquire (RA)

P1

P2

P3

P1 : a := x

P1 : b := y

P1 : x := 2

memory

pool of 
views

x := 1

4 1 x := 3

1 6

local 
view

x := 2

5 2

1

P4

4

y := 5

8 7

5 2

8 7
a := 1e1 
x := 2e2 

Read
1. select view in memory
2. variable time stamp      yours
3. update local view





Release-Acquire (RA)

P1

P2

P3

P1 : a := x

P1 : b := y

P1 : x := 2

memory

pool of 
views

x := 1

4 1 x := 3

1 6

local 
view

x := 2

5 2

1

P4

4

y := 5

8 7

5 28 7 a := 1e1 
x := 2e2 

Read
1. select view in memory
2. variable time stamp      yours
3. update local view





y := 5

8 7

Release-Acquire (RA)

P1

P2

P3

P1 : a := x

P1 : b := y

P1 : x := 2

memory

pool of 
views

x := 1

4 1 x := 3

1 6

y := 1

9 0

local 
view

x := 2

5 2

1

8 7 a := 1e1 
x := 2e2 

Read
1. select view in memory
2. variable time stamp      yours
3. update local view





y := 5

8 7

Release-Acquire (RA)

P1

P2

P3

P1 : a := x

P1 : b := y

P1 : x := 2

memory

pool of 
views

x := 1

4 1 x := 3

1 6

y := 1

9 0

local 
view

x := 2

5 2

1

5
8 7 a := 1e1 

x := 2e2 

Read
1. select view in memory
2. variable time stamp      yours
3. update local view





y := 5

8 7

Release-Acquire (RA)

P1

P2

P3

P1 : a := x

P1 : b := y

P1 : x := 2

memory

pool of 
views

x := 1

4 1 x := 3

1 6

y := 1

9 0

local 
view

x := 2

5 2

1

5
8 7 a := 1e1 

x := 2e2 
b := 5e3

Read
1. select view in memory
2. variable time stamp      yours
3. update local view





b := x

P2

y := 1x := 1

P1

a := y

x = y = 0Initially:

assertion (a = 0)^ (b = 0)?

0 00 0

x := 0

0 0

y := 0

0 0

Release-Acquire (RA)
Store  

Buffering 
(SB)



b := x

P2

y := 1x := 1

P1

a := y

x = y = 0Initially:

assertion (a = 0)^ (b = 0)?

0 00 0

x := 0

0 0

y := 0

0 0

Release-Acquire (RA)
Store  

Buffering 
(SB)



b := x

P2

y := 1x := 1

P1

a := y

x = y = 0Initially:

assertion (a = 0)^ (b = 0)?

0 00 0

x := 1

2 0

x := 0

0 0

y := 0

0 0

Release-Acquire (RA)
Store  

Buffering 
(SB)



b := x

P2

y := 1x := 1

P1

a := y

x = y = 0Initially:

assertion (a = 0)^ (b = 0)?

0 00 02 0

x := 1

2 0

x := 0

0 0

y := 0

0 0

Release-Acquire (RA)
Store  

Buffering 
(SB)



b := x

P2

y := 1x := 1

P1

a := y

x = y = 0Initially:

assertion (a = 0)^ (b = 0)?

0 00 02 0

x := 1

2 0

x := 0

0 0

y := 0

0 0

Release-Acquire (RA)
Store  

Buffering 
(SB)



b := x

P2

y := 1x := 1

P1

a := y

x = y = 0Initially:

assertion (a = 0)^ (b = 0)?

x := 0

0 0

0 00 02 0

x := 1

2 0

y := 0

0 0

Release-Acquire (RA)
Store  

Buffering 
(SB)



b := x

P2

y := 1x := 1

P1

a := y

x = y = 0Initially:

assertion (a = 0)^ (b = 0)?

x := 0

0 0

0 00 02 0

x := 1

2 0

y := 1

0 5

y := 0

0 0

Release-Acquire (RA)
Store  

Buffering 
(SB)



b := x

P2

y := 1x := 1

P1

a := y

x = y = 0Initially:

assertion (a = 0)^ (b = 0)?

x := 0

0 0

0 00 02 0

x := 1

2 0

0 5

y := 1

0 5

y := 0

0 0

Release-Acquire (RA)
Store  

Buffering 
(SB)



b := x

P2

y := 1x := 1

P1

a := y

x = y = 0Initially:

assertion (a = 0)^ (b = 0)?

x := 0

0 0

0 00 02 0

x := 1

2 0

0 5

y := 1

0 5

y := 0

0 0

Release-Acquire (RA)
Store  

Buffering 
(SB)



b := x

P2

y := 1x := 1

P1

a := y

x = y = 0Initially:

assertion (a = 0)^ (b = 0)?

x := 0

0 0

0 00 02 0

x := 1

2 0

0 5

y := 1

0 5

y := 0

0 0

Release-Acquire (RA)
Store  

Buffering 
(SB)



b := x

P2

y := 1x := 1

P1

a := y

x = y = 0Initially:

assertion (a = 0)^ (b = 0)?

x := 0

0 0

0 00 02 0

x := 1

2 0

0 5

y := 1

0 5

y := 0

0 0

0

Release-Acquire (RA)
Store  

Buffering 
(SB)



b := x

P2

y := 1x := 1

P1

a := y

x = y = 0Initially:

assertion (a = 0)^ (b = 0)?

x := 0

0 0

0 00 02 0

x := 1

2 0

0 5

y := 1

0 5

y := 0

0 0

0

Release-Acquire (RA)
Store  

Buffering 
(SB)



b := x

P2

y := 1x := 1

P1

a := y

x = y = 0Initially:

assertion (a = 0)^ (b = 0)?

x := 0

0 0

0 00 02 0

x := 1

2 0

0 5

y := 1

0 5

y := 0

0 0

0

Release-Acquire (RA)
Store  

Buffering 
(SB)



b := x

P2

y := 1x := 1

P1

a := y

x = y = 0Initially:

assertion (a = 0)^ (b = 0)?

x := 0

0 0

0 00 02 0

x := 1

2 0

0 5

y := 1

0 5

y := 0

0 0

0

0

Release-Acquire (RA)
Store  

Buffering 
(SB)



b := x

P2

y := 1x := 1

P1

a := y

x = y = 0Initially:

assertion (a = 0)^ (b = 0)?

x := 0

0 0

0 00 02 0

x := 1

2 0

0 5

y := 1

0 5

y := 0

0 0

0 0

Release-Acquire (RA)
Store  

Buffering 
(SB)



b := x

P2

y := 1x := 1

P1

a := y

x = y = 0Initially:

assertion (a = 0)^ (b = 0)?

x := 0

0 0

0 00 02 0

x := 1

2 0

0 5

y := 1

0 5

y := 0

0 0

0 0

reachable

Release-Acquire (RA)
Store  

Buffering 
(SB)



b := x

P2

y := 1x := 1

P1

a := y

x = y = 0Initially:

assertion (a = 0)^ (b = 0)?

x := 0

0 0

0 00 02 0

x := 1

2 0

0 5

y := 1

0 5

y := 0

0 0

0 0

reachable

Release-Acquire (RA)
Store  

Buffering 
(SB)

"Dekker’s Protocol 
faulty under RA”



a1 := x

a2 := y

P3

0 0

P2

y := 1x := 1
P1

b1 := y

b2 := x

P4

0 0

x := 0

0 0

y := 0

0 0

0 0

(a1 = 1)^ (a2 = 0)^
(b1 = 1)^ (b2 = 0)?

0 0

x = y = 0Initially: IRIW
Release-Acquire (RA)



a1 := x

a2 := y

P3

0 0

P2

y := 1x := 1
P1

b1 := y

b2 := x

P4

0 0

x := 0

0 0

y := 0

0 0

0 0

(a1 = 1)^ (a2 = 0)^
(b1 = 1)^ (b2 = 0)?

0 00 43 0

x := 1

3 0

y := 1

0 4

x = y = 0Initially: IRIW
Release-Acquire (RA)



a1 := x

a2 := y

P3

0 0

P2

y := 1x := 1
P1

b1 := y

b2 := x

P4

0 0

x := 0

0 0

y := 0

0 0

0 0

(a1 = 1)^ (a2 = 0)^
(b1 = 1)^ (b2 = 0)?

0 00 43 0

x := 1

3 0

y := 1

0 4

x = y = 0Initially: IRIW
Release-Acquire (RA)



a1 := x

a2 := y

P3

0 0

P2

y := 1x := 1
P1

b1 := y

b2 := x

P4

0 0

x := 0

0 0

y := 0

0 0

0 0

(a1 = 1)^ (a2 = 0)^
(b1 = 1)^ (b2 = 0)?

0 00 43 0

x := 1

3 0

y := 1

0 4

x = y = 0Initially: IRIW
Release-Acquire (RA)



a1 := x

a2 := y

P3

0 0

P2

y := 1x := 1
P1

b1 := y

b2 := x

P4

0 0

x := 0

0 0

y := 0

0 0

0 0

(a1 = 1)^ (a2 = 0)^
(b1 = 1)^ (b2 = 0)?

0 00 43 0

x := 1

3 0

y := 1

0 4

3 0
1

x = y = 0Initially: IRIW
Release-Acquire (RA)



a1 := x

a2 := y

P3

0 0

P2

y := 1x := 1
P1

b1 := y

b2 := x

P4

0 0

x := 0

0 0

y := 0

0 0

0 0

(a1 = 1)^ (a2 = 0)^
(b1 = 1)^ (b2 = 0)?

0 00 43 0

x := 1

3 0

y := 1

0 4

3 0
1

x = y = 0Initially: IRIW
Release-Acquire (RA)



a1 := x

a2 := y

P3

0 0

P2

y := 1x := 1
P1

b1 := y

b2 := x

P4

0 0

x := 0

0 0

y := 0

0 0

0 0

(a1 = 1)^ (a2 = 0)^
(b1 = 1)^ (b2 = 0)?

0 00 43 0

x := 1

3 0

y := 1

0 4

3 0
1

x = y = 0Initially: IRIW
Release-Acquire (RA)



a1 := x

a2 := y

P3

0 0

P2

y := 1x := 1
P1

b1 := y

b2 := x

P4

0 0

x := 0

0 0

y := 0

0 0

0 0

(a1 = 1)^ (a2 = 0)^
(b1 = 1)^ (b2 = 0)?

0 00 43 0

x := 1

3 0

y := 1

0 4

3 0
1

0

x = y = 0Initially: IRIW
Release-Acquire (RA)



a1 := x

a2 := y

P3

0 0

P2

y := 1x := 1
P1

x = y = 0Initially:

b1 := y

b2 := x

P4

0 0

x := 0

0 0

y := 0

0 0

0 0

(a1 = 1)^ (a2 = 0)^
(b1 = 1)^ (b2 = 0)?

0 00 43 0

x := 1

3 0

y := 1

0 4

3 0
1

0

IRIW
Release-Acquire (RA)



a1 := x

a2 := y

P3

0 0

P2

y := 1x := 1
P1

x = y = 0Initially:

b1 := y

b2 := x

P4

0 0

x := 0

0 0

y := 0

0 0

0 0

(a1 = 1)^ (a2 = 0)^
(b1 = 1)^ (b2 = 0)?

0 00 43 0

x := 1

3 0

y := 1

0 4

3 0
1

0
1 0 4

IRIW
Release-Acquire (RA)



a1 := x

a2 := y

P3

0 0

P2

y := 1x := 1
P1

x = y = 0Initially:

b1 := y

b2 := x

P4

0 0

x := 0

0 0

y := 0

0 0

0 0

(a1 = 1)^ (a2 = 0)^
(b1 = 1)^ (b2 = 0)?

0 00 43 0

x := 1

3 0

y := 1

0 4

3 0
1

0
1 0 4
0

reachable

IRIW
Release-Acquire (RA)



a1 := x

a2 := y

P3

0 0

P2

y := 1x := 1
P1

x = y = 0Initially:

b1 := y

b2 := x

P4

0 0

x := 0

0 0

y := 0

0 0

0 0

(a1 = 1)^ (a2 = 0)^
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x := 2
b := 2

a := 1

a := 1

x := 1
x := 2

b := 1

a := 2

x := 1
x := 2
b := 2

b := 2

x := 2

a := 2

x := 1

rffrpo

co

porf

b := 2

x := 2

a := 2

x := 1

rf
frpo

co

porf

po

b := 1a := 1

x := 1 x := 2

rf po
rf

co

po po

b := 2a := 2

x := 1 x := 2

rf

co

rf



x := 1
x := 2

b := 2

x := 1
x := 2

a := 1
x := 1

x := 2
b := 2

a := 2

b := 1
a := 1

(optimal)
DPOR x := 1

x := 2
b := 2

a := 1

a := 1

x := 1
x := 2

b := 1

a := 2

x := 1
x := 2
b := 2

b := 2

x := 2

a := 2

x := 1

rffrpo

co

porf

b := 2

x := 2

a := 2

x := 1

rf
frpo

co

porf

po

b := 1a := 1

x := 1 x := 2

rf po
rf

co

po po

b := 2a := 2

x := 1 x := 2

rf

co

rf



x := 1
x := 2

b := 2

x := 1
x := 2

a := 1
x := 1

x := 2
b := 2

a := 2

b := 1
a := 1

(super- 
optimal)

DPOR x := 1

x := 2
b := 2

a := 1 b := 2

x := 2

a := 2

x := 1

rffrpo

co

porf

po po

b := 2a := 2

x := 1 x := 2

rf

co

rf

b := 2

x := 2

a := 2

x := 1

rf
frpo

co

porf

po

b := 1a := 1

x := 1 x := 2

rf po
rf

co



x := 1
x := 2

b := 2

x := 1
x := 2

a := 1
x := 1

x := 2
b := 2

a := 2

b := 1
a := 1

(super- 
optimal)

DPOR x := 1

x := 2
b := 2

a := 1 b := 2

x := 2

a := 2

x := 1

rffrpo

co

porf

po po

b := 2a := 2

x := 1 x := 2

rf

co

rf

b := 2

x := 2

a := 2

x := 1

rf
frpo

co

porf

po

b := 1a := 1

x := 1 x := 2

rf po
rf

co



x := 1
x := 2

b := 2

x := 1
x := 2

a := 1
x := 1

x := 2
b := 2

a := 2

b := 1
a := 1

(super- 
optimal)

DPOR x := 1

x := 2
b := 2

a := 1 b := 2

x := 2

a := 2

x := 1

rffrpo

co

porf

po po

b := 2a := 2

x := 1 x := 2

rf

co

rf

b := 2

x := 2

a := 2

x := 1

rf
frpo

co

porf

po

b := 1a := 1

x := 1 x := 2

rf po
rf

co



b := 2

x := 2

a := 2

x := 1

rffrpo

co

porf

x := 1
x := 2

b := 2

x := 1
x := 2

a := 1
x := 1

x := 2
b := 2

a := 2

b := 1
a := 1

(super- 
optimal)

DPOR

b := 2

x := 2

a := 2

x := 1

rffrpo

co

porf

po po

b := 2a := 2

x := 1 x := 2

rf

co

rf

b := 2

x := 2

a := 2

x := 1

rf
frpo

co

porf

po

b := 1a := 1

x := 1 x := 2

rf po
rf

co



x := 1
x := 2

b := 2

x := 1
x := 2

a := 1
x := 1

x := 2
b := 2

a := 2

b := 1
a := 1

(super- 
optimal)

DPOR

b := 2

x := 2

a := 2

x := 1

rffrpo

co

porf

po po

b := 2a := 2

x := 1 x := 2

rf

co

rf

b := 2

x := 2

a := 2

x := 1

rfpo porf

po

b := 1a := 1

x := 1 x := 2

rf po
rf

co



x := 1
x := 2

b := 2

x := 1
x := 2

a := 1
x := 1

x := 2
b := 2

a := 2

b := 1
a := 1

b := 2

x := 2

a := 2

x := 1

rffrpo

co

porf

po po

b := 2a := 2

x := 1 x := 2

rf

co

rf

b := 2

x := 2

a := 2

x := 1

rfpo porf

po

b := 1a := 1

x := 1 x := 2

rf po
rf

co



x := 1
x := 2

b := 2

x := 1
x := 2

a := 1
x := 1

x := 2
b := 2

a := 2

b := 1
a := 1

b := 2

x := 2

a := 2

x := 1

rffrpo

co

porf

po po

b := 2a := 2

x := 1 x := 2

rf

co

rf

b := 2

x := 2

a := 2

x := 1

rfpo porf

po

b := 1a := 1

x := 1 x := 2

rf po
rf

co

(super- 
optimal)

DPOR
only traces with 

different po and rf
Prog



Release-Acquire (RA)

x := 1

y := 2b := x

a := x y := 1

x := 2

c := y

d := y

⌧

RA: 8x. acyclic(po[ rf[ cox [ frx)po rf cox frx



Release-Acquire (RA)

x := 1

y := 2b := x

a := x y := 1

x := 2

c := y

d := y

y := 2

x := 1

⌧

RA: 8x. acyclic(po[ rf[ cox [ frx)po rf cox frx



Release-Acquire (RA)

x := 1

y := 2b := x

a := x y := 1

x := 2

c := y

d := y

y := 2

x := 1

⌧

po

RA: 8x. acyclic(po[ rf[ cox [ frx)po rf cox frx



Release-Acquire (RA)

x := 1

y := 2b := x

a := x y := 1

x := 2

c := y

d := y

x := 2

y := 1

y := 2

x := 1

⌧

po

RA: 8x. acyclic(po[ rf[ cox [ frx)po rf cox frx



Release-Acquire (RA)

x := 1

y := 2b := x

a := x y := 1

x := 2

c := y

d := y

x := 2

y := 1

y := 2

x := 1

⌧

popo

RA: 8x. acyclic(po[ rf[ cox [ frx)po rf cox frx



Release-Acquire (RA)

x := 1

y := 2b := x

a := x y := 1

x := 2

c := y

d := y

x := 2

y := 1

y := 2

a := 2 x := 1

b := 1

⌧

popo

RA: 8x. acyclic(po[ rf[ cox [ frx)po rf cox frx



Release-Acquire (RA)

x := 1

y := 2b := x

a := x y := 1

x := 2

c := y

d := y

x := 2

y := 1

y := 2

a := 2 x := 1

b := 1

⌧

popopo

RA: 8x. acyclic(po[ rf[ cox [ frx)po rf cox frx



Release-Acquire (RA)

x := 1

y := 2b := x

a := x y := 1

x := 2

c := y

d := y

x := 2

y := 1

y := 2

a := 2 x := 1

d := 1

c := 2

b := 1

⌧

popopo

RA: 8x. acyclic(po[ rf[ cox [ frx)po rf cox frx



Release-Acquire (RA)

x := 1

y := 2b := x

a := x y := 1

x := 2

c := y

d := y

x := 2

y := 1

y := 2

a := 2 x := 1

d := 1

c := 2

b := 1

⌧

popopopo

RA: 8x. acyclic(po[ rf[ cox [ frx)po rf cox frx



Release-Acquire (RA)

x := 1

y := 2b := x

a := x y := 1

x := 2

c := y

d := y

x := 2

y := 1

y := 2

a := 2 x := 1

d := 1

c := 2

b := 1

rf
⌧

popopopo

RA: 8x. acyclic(po[ rf[ cox [ frx)po rf cox frx



Release-Acquire (RA)

x := 1

y := 2b := x

a := x y := 1

x := 2

c := y

d := y

x := 2

y := 1

y := 2

a := 2 x := 1

d := 1

c := 2

b := 1

rf
⌧

popoporfpo

RA: 8x. acyclic(po[ rf[ cox [ frx)po rf cox frx



Release-Acquire (RA)

x := 1

y := 2b := x

a := x y := 1

x := 2

c := y

d := y

x := 2

y := 1

y := 2

a := 2 x := 1

d := 1

c := 2

b := 1

rf rf

⌧

popoporfpo

RA: 8x. acyclic(po[ rf[ cox [ frx)po rf cox frx



Release-Acquire (RA)

x := 1

y := 2b := x

a := x y := 1

x := 2

c := y

d := y

x := 2

y := 1

y := 2

a := 2 x := 1

d := 1

c := 2

b := 1

rf rf

⌧

rf popoporfpo

RA: 8x. acyclic(po[ rf[ cox [ frx)po rf cox frx



Release-Acquire (RA)

x := 1

y := 2b := x

a := x y := 1

x := 2

c := y

d := y

x := 2

y := 1

y := 2

a := 2 x := 1

d := 1

c := 2

b := 1

rf rf

⌧

rf popoporfpo co x

RA: 8x. acyclic(po[ rf[ cox [ frx)po rf cox frx



Release-Acquire (RA)

x := 1

y := 2b := x

a := x y := 1

x := 2

c := y

d := y

x := 2

y := 1

y := 2

a := 2 x := 1

d := 1

c := 2

b := 1

rf rf

⌧

rf popoporfpo
co
y co x

RA: 8x. acyclic(po[ rf[ cox [ frx)po rf cox frx



Release-Acquire (RA)

x := 1

y := 2b := x

a := x y := 1

x := 2

c := y

d := y

x := 2

y := 1

y := 2

a := 2 x := 1

d := 1

c := 2

b := 1

rf rf

⌧

rf popoporfpo
co
y co x

frx

RA: 8x. acyclic(po[ rf[ cox [ frx)po rf cox frx



Release-Acquire (RA)

x := 1

y := 2b := x

a := x y := 1

x := 2

c := y

d := y

x := 2

y := 1

y := 2

a := 2 x := 1

d := 1

c := 2

b := 1

rf rf

⌧

rf popoporfpo
co
y co x

frx fry

RA: 8x. acyclic(po[ rf[ cox [ frx)po rf cox frx



Release-Acquire (RA)

x := 1

y := 2b := x

a := x y := 1

x := 2

c := y

d := y

x := 2

y := 1

y := 2

a := 2 x := 1

d := 1

c := 2

b := 1

rf rf

⌧ |= RA

⌧

rf popoporfpo
co
y co x

frx fry

RA: 8x. acyclic(po[ rf[ cox [ frx)po rf cox frx



Release-Acquire (RA)

x := 1

y := 2b := x

a := x y := 1

x := 2

c := y

d := y

x := 2

y := 1

y := 2

a := 2 x := 1

d := 1

c := 2

b := 1

rf rf

⌧

rf popoporfpo
co
y co x

frx fry

⌧ |= RARA: 8x. acyclic(po[ rf[ cox [ frx)po rf cox frx

SC: acyclic(po[ rf[ co[ fr)po rf co fr



Release-Acquire (RA)

x := 1

y := 2b := x

a := x y := 1

x := 2

c := y

d := y

x := 2

y := 1

y := 2

a := 2 x := 1

d := 1

c := 2

b := 1

rf rf

⌧

rf popoporfpo
co
y co x

frx fry

⌧ 6|= SC

⌧ |= RARA: 8x. acyclic(po[ rf[ cox [ frx)po rf cox frx

SC: acyclic(po[ rf[ co[ fr)po rf co fr



Release-Acquire (RA)

x := 1

y := 2b := x

a := x y := 1

x := 2

c := y

d := y

x := 2

y := 1

y := 2

a := 2 x := 1

d := 1

c := 2

b := 1

rf rf

⌧

rf popoporfpo
co
y co x

frx fry

⌧ 6|= SC

⌧ |= RARA: 8x. acyclic(po[ rf[ cox [ frx)po rf cox frx

SC: acyclic(po[ rf[ co[ fr)po rf co fr



Release-Acquire (RA)

x := 1

y := 2b := x

a := x y := 1

x := 2

c := y

d := y

x := 2

y := 1

y := 2

a := 2 x := 1

d := 1

c := 2

b := 1

rf rf

⌧

rf popoporfpo
co
y co x

frx fry

⌧ 6|= SC

⌧ |= RARA: 8x. acyclic(po[ rf[ cox [ frx)po rf cox frx

SC: acyclic(po[ rf[ co[ fr)po rf co fr

(a = 2)^ (b = 1)^ (c = 2)^ (d = 1)?



Release-Acquire (RA)

x := 1

y := 2b := x

a := x y := 1

x := 2

c := y

d := y

x := 2

y := 1

y := 2

a := 2 x := 1

d := 1

c := 2

b := 1

rf rf

⌧

rf popoporfpo
co
y co x

frx fry

⌧ 6|= SC

⌧ |= RARA: 8x. acyclic(po[ rf[ cox [ frx)po rf cox frx

SC: acyclic(po[ rf[ co[ fr)po rf co fr

(a = 2)^ (b = 1)^ (c = 2)^ (d = 1)?



(OOPSLA’2018)

•Sound
•only valid traces

•Complete
•all valid traces

•Optimal
•different po+rf

•Deadlock-free

DPOR under the RA-semantics



•Build traces one after one 
•For a given trace     : 

•Build      incrementally 
•extend      by one event e at a time

⌧
⌧
⌧

DPOR under the RA-semantics

•Sound
•only valid traces

•Complete
•all valid traces

•Optimal
•different po+rf

•Deadlock-free



•Build traces one after one 
•For a given trace     : 

•Build      incrementally 
•extend      by one event e at a time

⌧
⌧
⌧

DPOR under the RA-semantics



•Build traces one after one 
•For a given trace     : 

•Build      incrementally 
•extend      by one event e at a time

⌧
⌧
⌧

DPOR under the RA-semantics



•Build traces one after one 
•For a given trace     : 

•Build      incrementally 
•extend      by one event e at a time

⌧
⌧
⌧

⌧ � e

DPOR under the RA-semantics



Saturation

rx wx
2

wx
1

rf

(p
o
[
rf
)
⇤

po
rf

RA: 8x. acyclic(po[ rf[ cox [ frx)po rf cox frx

•Add co-edges by demand 
•never generate two traces with identical po and rf



Saturation

rx wx
2

wx
1

rf

(p
o
[
rf
)
⇤

po
rf co

RA: 8x. acyclic(po[ rf[ cox [ frx)po rf cox frx

•Add co-edges by demand 
•never generate two traces with identical po and rf



Saturation

rx wx
2

wx
1

rf

(p
o
[
rf
)
⇤

po
rf co

rx wx
2

wx
1

rf

(p
o
[
rf
)
⇤

po
rf

RA: 8x. acyclic(po[ rf[ cox [ frx)po rf cox frx

•Add co-edges by demand 
•never generate two traces with identical po and rf



Saturation

rx wx
2

wx
1

rf

(p
o
[
rf
)
⇤

po
rf co

rx wx
2

wx
1

rf

(p
o
[
rf
)
⇤

po
rf co

RA: 8x. acyclic(po[ rf[ cox [ frx)po rf cox frx

•Add co-edges by demand 
•never generate two traces with identical po and rf



Saturation

rx wx
2

wx
1

rf

(p
o
[
rf
)
⇤

po
rf co

rx wx
2

wx
1

rf

(p
o
[
rf
)
⇤

po
rf co

fr
RA: 8x. acyclic(po[ rf[ cox [ frx)po rf cox frx

•Add co-edges by demand 
•never generate two traces with identical po and rf



Saturation

rx wx
2

wx
1

rf

(p
o
[
rf
)
⇤

po
rf co

rx wx
2

wx
1

rf

(p
o
[
rf
)
⇤

po
rf co

fr

x := 2

y := 1

y := 2

a := 2 x := 1

d := 1

c := 2

b := 1

rf rf

rf popoporfpo

RA: 8x. acyclic(po[ rf[ cox [ frx)po rf cox frx



Saturation

rx wx
2

wx
1

rf

(p
o
[
rf
)
⇤

po
rf co

rx wx
2

wx
1

rf

(p
o
[
rf
)
⇤

po
rf co

fr

x := 2

y := 1

y := 2

a := 2 x := 1

d := 1

c := 2

b := 1

rf rf

rf popoporfpo

RA: 8x. acyclic(po[ rf[ cox [ frx)po rf cox frx



Saturation

rx wx
2

wx
1

rf

(p
o
[
rf
)
⇤

po
rf co

rx wx
2

wx
1

rf

(p
o
[
rf
)
⇤

po
rf co

fr

x := 2

y := 1

y := 2

a := 2 x := 1

d := 1

c := 2

b := 1

rf rf

rf popoporfpo

RA: 8x. acyclic(po[ rf[ cox [ frx)po rf cox frx



Saturation

rx wx
2

wx
1

rf

(p
o
[
rf
)
⇤

po
rf co

rx wx
2

wx
1

rf

(p
o
[
rf
)
⇤

po
rf co

fr

x := 2

y := 1

y := 2

a := 2 x := 1

d := 1

c := 2

b := 1

rf rf

rf popoporfpo co x

RA: 8x. acyclic(po[ rf[ cox [ frx)po rf cox frx



Saturation

rx wx
2

wx
1

rf

(p
o
[
rf
)
⇤

po
rf co

rx wx
2

wx
1

rf

(p
o
[
rf
)
⇤

po
rf co

fr

x := 2

y := 1

y := 2

a := 2 x := 1

d := 1

c := 2

b := 1

rf rf

rf popoporfpo co x

RA: 8x. acyclic(po[ rf[ cox [ frx)po rf cox frx



Saturation

rx wx
2

wx
1

rf

(p
o
[
rf
)
⇤

po
rf co

rx wx
2

wx
1

rf

(p
o
[
rf
)
⇤

po
rf co

fr

x := 2

y := 1

y := 2

a := 2 x := 1

d := 1

c := 2

b := 1

rf rf

rf popoporfpo co x

RA: 8x. acyclic(po[ rf[ cox [ frx)po rf cox frx



Saturation

rx wx
2

wx
1

rf

(p
o
[
rf
)
⇤

po
rf co

rx wx
2

wx
1

rf

(p
o
[
rf
)
⇤

po
rf co

fr

x := 2

y := 1

y := 2

a := 2 x := 1

d := 1

c := 2

b := 1

rf rf

rf popoporfpo co x

RA: 8x. acyclic(po[ rf[ cox [ frx)po rf cox frx



Saturation

rx wx
2

wx
1

rf

(p
o
[
rf
)
⇤

po
rf co

rx wx
2

wx
1

rf

(p
o
[
rf
)
⇤

po
rf co

fr

x := 2

y := 1

y := 2

a := 2 x := 1

d := 1

c := 2

b := 1

rf rf

rf popoporfpo co xco
y

RA: 8x. acyclic(po[ rf[ cox [ frx)po rf cox frx



Saturation

rx wx
2

wx
1

rf

(p
o
[
rf
)
⇤

po
rf co

rx wx
2

wx
1

rf

(p
o
[
rf
)
⇤

po
rf co

fr

x := 2

y := 1

y := 2

a := 2 x := 1

d := 1

c := 2

b := 1

rf rf

rf popoporfpo co xco
y

RA: 8x. acyclic(po[ rf[ cox [ frx)po rf cox frx



Saturation

rx wx
2

wx
1

rf

(p
o
[
rf
)
⇤

po
rf co

rx wx
2

wx
1

rf

(p
o
[
rf
)
⇤

po
rf co

fr

x := 2

y := 1

y := 2

a := 2 x := 1

d := 1

c := 2

b := 1

rf rf

rf popoporfpo co xco
y

RA: 8x. acyclic(po[ rf[ cox [ frx)po rf cox frx

saturated



Saturation

rx wx
2

wx
1

rf

(p
o
[
rf
)
⇤

po
rf co

rx wx
2

wx
1

rf

(p
o
[
rf
)
⇤

po
rf co

fr

b := 2

x := 2

a := 2

x := 1

rffrpo

co

porf

b := 2

x := 2

a := 2

x := 1

rfpo porf

RA: 8x. acyclic(po[ rf[ cox [ frx)po rf cox frx



Saturation

rx wx
2

wx
1

rf

(p
o
[
rf
)
⇤

po
rf co

rx wx
2

wx
1

rf

(p
o
[
rf
)
⇤

po
rf co

fr

saturated

b := 2

x := 2

a := 2

x := 1

rffrpo

co

porf

b := 2

x := 2

a := 2

x := 1

rfpo porf

RA: 8x. acyclic(po[ rf[ cox [ frx)po rf cox frx



Adding Events to Traces

wx
1

wx
2

wx
3

(po[ rf[ cox)⇤rf copo

(p
o
[
r
f
) ⇤

p
o

r
f



Adding Events to Traces

wx
1

wx
2

wx
3

saturated

(po[ rf[ cox)⇤rf copo

(p
o
[
r
f
) ⇤

p
o

r
f



Adding Events to Traces

wx
1

wx
2

wx
3

saturated

⌧ � e

(po[ rf[ cox)⇤rf copo

(p
o
[
r
f
) ⇤

p
o

r
f



Adding Events to Traces

wx
1

wx
2

wx
3
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a := x x := 2

a := 0

a := 0
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a := 2
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x := 2

x := 3

b := y
a := x x := 2

a := 0

a := 0

b := 0
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c := y

x := 4

a := 2

rf
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b := y
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a := 0

a := 0

b := 0

b := 0

rf
inity

schedule

c := y

x := 4

a := 2

rf
initx

Branch Postpone&



x := 2

x := 2

x := 3

b := y
a := x x := 2

a := 0

a := 0

b := 0

schedule
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x := 4

a := 2

b := 0
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x := 2

x := 2

x := 3

b := y
a := x x := 2

a := 0

a := 0

b := 0

schedule

c := y

x := 4

a := 2

b := 0

rf
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rf
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x := 2

x := 2

x := 3

b := y
a := x x := 2

a := 0

a := 0

b := 0

x := 3

schedule

c := y

x := 4

a := 2

b := 0
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rf
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x := 2

x := 2

x := 3

b := y
a := x x := 2

a := 0

a := 0

b := 0

x := 3

schedule

c := y

x := 4

a := 2

b := 0

rf
inity

rf
initx

x := 3

po
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x := 2

x := 2

x := 3

b := y
a := x x := 2

a := 0

a := 0

b := 0

x := 3postponed 
write
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c := y

x := 4

a := 2

b := 0

rf
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b := y
a := x x := 2

a := 0

a := 0

b := 0

x := 3postponed 
write

schedule

c := y
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a := 2

a := 3
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x := 3

b := 0

rf
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x := 2

x := 2

x := 3

b := y
a := x x := 2

a := 0

a := 0

b := 0

x := 3postponed 
write

schedule

c := y

x := 4

a := 2

a := 3

b := 0

x := 3

b := 0

rf
inity

rf
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x := 3

po
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c := y

x := 4

schedule

x := 2

x := 2

x := 3

b := y
a := x x := 2

a := 0

a := 0

b := 0

x := 3

schedule

a := 2

a := 3

b := 0

x := 3

b := 0

rf
inity

rf
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x := 3

po

Branch Postpone&



c := y

x := 4

schedule

x := 2

x := 2

x := 3

b := y
a := x x := 2

a := 0

a := 0

b := 0

x := 3

schedule

a := 2

a := 3

b := 0

x := 3

b := 0

rf
inity

rf
initx

x := 3

po
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c := y

x := 4

schedule

x := 2

x := 2

x := 3

b := y
a := x x := 2

a := 0

a := 0

b := 0

x := 3

schedule

c := 0

inity

a := 2

a := 3

b := 0

x := 3

b := 0

rf
inity

rf
initx

x := 3

po
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c := y

x := 4

schedule

x := 2

x := 2

x := 3

b := y
a := x x := 2

a := 0

a := 0

b := 0

x := 3

schedule

c := 0

inity

a := 2

a := 3

b := 0

x := 3

b := 0

rf
inity

c := 0

rfrf
initx

x := 3

po
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x := 4

schedule

x := 2

x := 2

x := 3

b := y
a := x x := 2

a := 0

a := 0

b := 0

x := 3

schedule

c := 0

a := 2

a := 3

b := 0

x := 3

b := 0

rf
inity

b := 0

rf
inity

c := 0

rfrf
initx

x := 3

po
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x := 4

schedule

x := 2

x := 2

x := 3

b := y
a := x x := 2

a := 0

a := 0

b := 0

x := 3

schedule

c := 0

a := 2

a := 3

b := 0

x := 3

b := 0

rf
inity

b := 0

rf
inity

c := 0

rfrf
initx

x := 3

po
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x := 4

schedule

x := 2

x := 2

x := 3

b := y
a := x x := 2

a := 0 a := 2

a := 0

b := 0

x := 3 a := 3

b := 0

x := 3

schedule

c := 0

x := 4

b := 0

rf
inity

c := 0

rfrf
initx

x := 3

po
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x := 4

schedule

x := 2

x := 2

x := 3

b := y
a := x x := 2

a := 0 a := 2

a := 0

b := 0

x := 3 a := 3

b := 0

x := 3

schedule

c := 0

x := 4

b := 0

rf
inity

c := 0

rfrf
initx

x := 3

po

x := 4

po
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c := y

x := 4

schedule

x := 2

x := 2

x := 3

b := y
a := x x := 2

a := 0 a := 2

a := 0

b := 0

x := 3 a := 3

b := 0

x := 3

schedule

c := 0

x := 4postponed 
write

b := 0

rf
inity

c := 0

rfrf
initx

x := 3

po

x := 4

po
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b := y
a := x x := 2

a := 0 a := 2

a := 0

b := 0

x := 3 a := 3

b := 0

x := 3

schedule

c := 0

x := 4postponed 
write

a := 4

c := 0

x := 4

b := 0

rf
inity

c := 0

rfrf
initx

x := 3

po

x := 4

po
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c := y

x := 4

schedule

x := 2

x := 2

x := 3

b := y
a := x x := 2

a := 0 a := 2

a := 0

b := 0

x := 3 a := 3

b := 0

x := 3

schedule

c := 0

x := 4postponed 
write

a := 4

c := 0

x := 4

b := 0

rf
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c := 0

rfrf
initx

x := 3

po

x := 4

po

Branch Postpone&



schedule

c := y

x := 4

schedule

x := 2

x := 2

x := 3

b := y
a := x x := 2

a := 0 a := 2

a := 0

b := 0

x := 3 a := 3

b := 0

x := 3

schedule

c := 0

x := 4

a := 4

c := 0

x := 4

b := 0

rf
inity

c := 0

rfrf
initx

x := 3

po

x := 4

po
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c := y

x := 4

schedule

x := 2

x := 3

b := y
a := x x := 2

a := 0

b := 0

x := 3

schedule

c := 0

x := 4

a := 2

a := 3

b := 0

x := 3

a := 4

c := 0

x := 4

b := 0

rf
inity

x := 3

po

x := 4

po
c := 0

rf
inity

x := 2a := 0 b := 0

rf
inity

c := 0

rfrf
initx

x := 3

po

x := 4

po
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c := y

x := 4

schedule

x := 2

x := 3

b := y
a := x x := 2

a := 0

b := 0

x := 3

schedule

c := 0

x := 4

a := 2

a := 3

b := 0

x := 3

a := 4

c := 0

x := 4

b := 0

rf
inity

x := 3

po

x := 4

po
c := 0

rf
inity

x := 2a := 0 b := 0

rf
inity

c := 0

rfrf
initx

x := 3

po

x := 4

po
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c := y

x := 4

schedule

x := 2

x := 3

b := y
a := x x := 2

a := 0

b := 0

x := 3

c := 0

x := 4

a := 2

a := 3

b := 0

x := 3
rf

a := 2 x := 2

a := 4

c := 0

x := 4

b := 0

rf
inity

x := 3

po

x := 4

po
c := 0

rf
inity

x := 2a := 0 b := 0

rf
inity

c := 0

rfrf
initx

x := 3

po

x := 4

po
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c := y

x := 4

schedule

x := 2

x := 3

b := y
a := x x := 2

a := 0

b := 0

x := 3

c := 0

x := 4

a := 2

a := 3

b := 0

x := 3
rf

a := 2 x := 2

a := 4

c := 0

x := 4

b := 0

rf
inity

x := 3

po

x := 4

po
c := 0

rf
inity

x := 2a := 0 b := 0

rf
inity

c := 0

rfrf
initx

x := 3

po

x := 4

po

Branch Postpone&



schedule

c := y

x := 4

schedule

x := 2

x := 3

b := y
a := x x := 2

a := 0

b := 0

x := 3

c := 0

x := 4

a := 2

a := 3

b := 0

x := 3

a := 2

rf

x := 2

c := 0

a := 4

c := 0

x := 4

b := 0

rf
inity

x := 3

po

x := 4

po
c := 0

rf
inity

x := 2a := 0 b := 0

rf
inity

c := 0

rfrf
initx

x := 3

po

x := 4

po
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c := y

x := 4

schedule

x := 2

x := 3

b := y
a := x x := 2

a := 0

b := 0

x := 3

c := 0

x := 4

a := 2

a := 3

b := 0

x := 3

a := 2

rf

x := 2

c := 0

c := 0

rf
inity

a := 4

c := 0

x := 4

b := 0

rf
inity

x := 3

po

x := 4

po
c := 0

rf
inity

x := 2a := 0 b := 0

rf
inity

c := 0

rfrf
initx

x := 3

po

x := 4

po
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schedule

c := y

x := 4

schedule

x := 2

x := 3

b := y
a := x x := 2

a := 0

b := 0

x := 3

c := 0

x := 4

a := 2

a := 3

b := 0

x := 3

a := 2

rf

x := 2

c := 0

c := 0

rf
inity

a := 4

c := 0

x := 4

b := 0

rf
inity

x := 3

po

x := 4

po
c := 0

rf
inity

x := 2a := 0 b := 0

rf
inity

c := 0

rfrf
initx

x := 3

po

x := 4

po
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schedule

c := y

x := 4

schedule

x := 2

x := 3

b := y
a := x x := 2

a := 0

b := 0

x := 3

c := 0

x := 4

a := 2

a := 3

b := 0

x := 3

a := 2 x := 2

c := 0

x := 4 a := 4

c := 0

x := 4
rf

c := 0

rf
inity

b := 0

rf
inity

x := 3

po

x := 4

po
c := 0

rf
inity

x := 2a := 0 b := 0

rf
inity

c := 0

rfrf
initx

x := 3

po

x := 4

po
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schedule

c := y

x := 4

schedule

x := 2

x := 3

b := y
a := x x := 2

a := 0

b := 0

x := 3

c := 0

x := 4

a := 2

a := 3

b := 0

x := 3

a := 2 x := 2

c := 0

x := 4 a := 4

c := 0

x := 4
rf x := 4

po
c := 0

rf
inity

b := 0

rf
inity

x := 3

po

x := 4

po
c := 0

rf
inity

x := 2a := 0 b := 0

rf
inity

c := 0

rfrf
initx

x := 3

po

x := 4

po
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schedule

c := y

x := 4

schedule

x := 2

x := 3

b := y
a := x x := 2

a := 0

b := 0

x := 3

c := 0

x := 4

a := 2

a := 3

b := 0

x := 3

a := 2 x := 2

c := 0

x := 4 a := 4

c := 0

x := 4
rf x := 4

po

postponed 
write

c := 0

rf
inity

b := 0

rf
inity

x := 3

po

x := 4

po
c := 0

rf
inity

x := 2a := 0 b := 0

rf
inity

c := 0

rfrf
initx

x := 3

po

x := 4

po
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schedule

c := y

x := 4

schedule

x := 2

x := 3

b := y
a := x x := 2

a := 0

b := 0

x := 3

c := 0

x := 4

a := 2

a := 3

b := 0

x := 3

a := 2 x := 2

c := 0

x := 4 a := 4

c := 0

x := 4

a := 4

c := 0

x := 4

rf x := 4

po

postponed 
write

c := 0

rf
inity

b := 0

rf
inity

x := 3

po

x := 4

po
c := 0

rf
inity

x := 2a := 0 b := 0

rf
inity

c := 0

rfrf
initx

x := 3

po

x := 4

po

Branch Postpone&



schedule

c := y

x := 4

schedule

x := 2

x := 3

b := y
a := x x := 2

a := 0

b := 0

x := 3

c := 0

x := 4

a := 2

a := 3

b := 0

x := 3

a := 2 x := 2

c := 0

x := 4 a := 4

c := 0

x := 4

a := 4

c := 0

x := 4
rf x := 4

po

postponed 
write

c := 0

rf
inity

b := 0

rf
inity

x := 3

po

x := 4

po
c := 0

rf
inity

x := 2a := 0 b := 0

rf
inity

c := 0

rfrf
initx

x := 3

po

x := 4

po

Branch Postpone&



schedule

c := y

x := 4

schedule

x := 2

x := 3

b := y
a := x x := 2

a := 0

b := 0

x := 3

c := 0

x := 4

a := 2

a := 3

b := 0

x := 3

a := 2 x := 2

c := 0

x := 4 a := 4

c := 0

x := 4
rf x := 4

po
c := 0

rf
inity

b := 0

rf
inity

x := 3

po

x := 4

po
c := 0

rf
inity

x := 2a := 0 b := 0

rf
inity

c := 0

rfrf
initx

x := 3

po

x := 4

po

Branch Postpone&



schedule

c := y

x := 4

schedule

x := 2

x := 3

b := y
a := x x := 2

a := 0

b := 0

x := 3

c := 0

x := 4

a := 2

a := 3

b := 0

x := 3

a := 2 x := 2

c := 0

x := 4 a := 4

c := 0

x := 4
rf x := 4

po
c := 0

rf
inity

b := 0

rf
inity

x := 3

po

x := 4

po
c := 0

rf
inity

x := 2a := 0 b := 0

rf
inity

c := 0

rfrf
initx

x := 3

po

x := 4

po

Branch Postpone&



schedule

c := y

x := 4

schedule

x := 2

x := 3

b := y
a := x x := 2

a := 0

b := 0

x := 3

c := 0

x := 4

a := 2

a := 3

b := 0

x := 3

a := 2 x := 2

c := 0

x := 4 a := 4

c := 0

x := 4

b := 0

rf x := 4

po
c := 0

rf
inity

b := 0

rf
inity

x := 3

po

x := 4

po
c := 0

rf
inity

x := 2a := 0 b := 0

rf
inity

c := 0

rfrf
initx

x := 3

po

x := 4

po

Branch Postpone&



schedule

c := y

x := 4

schedule

x := 2

x := 3

b := y
a := x x := 2

a := 0

b := 0

x := 3

c := 0

x := 4

a := 2

a := 3

b := 0

x := 3

a := 2 x := 2

c := 0

x := 4 a := 4

c := 0

x := 4

b := 0

rf x := 4

po
c := 0

rf
inity

b := 0

rf

b := 0

rf
inity

x := 3

po

x := 4

po
c := 0

rf
inity

x := 2a := 0 b := 0

rf
inity

c := 0

rfrf
initx

x := 3

po

x := 4

po

Branch Postpone&



schedule

c := y

x := 4

schedule

x := 2

x := 3

b := y
a := x x := 2

a := 0

b := 0

x := 3

c := 0

x := 4

a := 2

a := 3

b := 0

x := 3

a := 2 x := 2

c := 0

x := 4 a := 4

c := 0

x := 4

b := 0

rf x := 4

po
c := 0

rf
inity

b := 0

rf

b := 0

rf
inity

x := 3

po

x := 4

po
c := 0

rf
inity

x := 2a := 0 b := 0

rf
inity

c := 0

rfrf
initx

x := 3

po

x := 4

po

Branch Postpone&



schedule

c := y

x := 4

schedule

x := 2

x := 3

b := y
a := x x := 2

a := 0

b := 0

x := 3

c := 0

x := 4

a := 2

a := 3

b := 0

x := 3

a := 2 x := 2

c := 0

x := 4 a := 4

c := 0

x := 4

b := 0

rf x := 4

po
c := 0

rf
inity

b := 0

rf

b := 0

rf
inity

x := 3

po

x := 4

po
c := 0

rf
inity

x := 2a := 0 b := 0

rf
inity

c := 0

rfrf
initx

x := 3

po

x := 4

po

Branch Postpone&



schedule

c := y

x := 4

schedule

x := 2

x := 3

b := y
a := x x := 2

a := 0

b := 0

x := 3

c := 0

x := 4

a := 2

a := 3

b := 0

x := 3

a := 2 x := 2

c := 0

x := 4 a := 4

c := 0

x := 4

b := 0

x := 3

rf x := 4

po
c := 0

rf
inity

b := 0

rf

b := 0

rf
inity

x := 3

po

x := 4

po
c := 0

rf
inity

x := 2a := 0 b := 0

rf
inity

c := 0

rfrf
initx

x := 3

po

x := 4

po

Branch Postpone&



schedule

c := y

x := 4

schedule

x := 2

x := 3

b := y
a := x x := 2

a := 0

b := 0

x := 3

c := 0

x := 4

a := 2

a := 3

b := 0

x := 3

a := 2 x := 2

c := 0

x := 4 a := 4

c := 0

x := 4

b := 0

x := 3

rf x := 4

po

x := 3

po
c := 0

rf
inity

b := 0

rf

b := 0

rf
inity

x := 3

po

x := 4

po
c := 0

rf
inity

x := 2a := 0 b := 0

rf
inity

c := 0

rfrf
initx

x := 3

po

x := 4

po

Branch Postpone&



schedule

c := y

x := 4

schedule

x := 2

x := 3

b := y
a := x x := 2

a := 0

b := 0

x := 3

c := 0

x := 4

a := 2

a := 3

b := 0

x := 3

a := 2 x := 2

c := 0

x := 4 a := 4

c := 0

x := 4

b := 0

x := 3postponed 
write

rf x := 4

po

x := 3

po
c := 0

rf
inity

b := 0

rf

b := 0

rf
inity

x := 3

po

x := 4

po
c := 0

rf
inity

x := 2a := 0 b := 0

rf
inity

c := 0

rfrf
initx

x := 3

po

x := 4

po

Branch Postpone&



schedule

c := y

x := 4

schedule

x := 2

x := 3

b := y
a := x x := 2

a := 0

b := 0

x := 3

c := 0

x := 4

a := 2
a := 2 x := 2

c := 0

x := 4 a := 4

c := 0

x := 4

b := 0

x := 3postponed 
write

a := 3

b := 0

x := 3

a := 3

b := 0

x := 3
rf x := 4

po

x := 3

po
c := 0

rf
inity

b := 0

rf

b := 0

rf
inity

x := 3

po

x := 4

po
c := 0

rf
inity

x := 2a := 0 b := 0

rf
inity

c := 0

rfrf
initx

x := 3

po

x := 4

po

Branch Postpone&



schedule

c := y

x := 4

schedule

x := 2

x := 3

b := y
a := x x := 2

a := 0

b := 0

x := 3

c := 0

x := 4

a := 2
a := 2 x := 2

c := 0

x := 4 a := 4

c := 0

x := 4

b := 0

x := 3postponed 
write

a := 3

b := 0

x := 3

a := 3

b := 0

x := 3
rf x := 4

po

x := 3

po
c := 0

rf
inity

b := 0

rf

b := 0

rf
inity

x := 3

po

x := 4

po
c := 0

rf
inity

x := 2a := 0 b := 0

rf
inity

c := 0

rfrf
initx

x := 3

po

x := 4

po

Branch Postpone&



schedule

c := y

x := 4

schedule

x := 2

x := 3

b := y
a := x x := 2

a := 0

b := 0

x := 3

c := 0

x := 4

a := 2
a := 2 x := 2

c := 0

x := 4 a := 4

c := 0

x := 4

b := 0

x := 3

a := 3

b := 0

x := 3
rf x := 4

po

x := 3

po
c := 0

rf
inity

b := 0

rf

b := 0

rf
inity

x := 3

po

x := 4

po
c := 0

rf
inity

x := 2a := 0 b := 0

rf
inity

c := 0

rfrf
initx

x := 3

po

x := 4

po

Branch Postpone&



schedule

c := y

x := 4

schedule

x := 2

x := 3

b := y
a := x x := 2

a := 0

b := 0

x := 3

c := 0

x := 4

a := 2

a := 3

b := 0

x := 3c := 0

x := 4 a := 4

c := 0

x := 4

b := 0

x := 3

c := 0

rf
inity

x := 4

po
b := 0

rf

x := 3

po
a := 2 x := 2

rf x := 4

po

x := 3

po
c := 0

rf
inity

b := 0

rf

b := 0

rf
inity

x := 3

po

x := 4

po
c := 0

rf
inity

x := 2a := 0 b := 0

rf
inity

c := 0

rfrf
initx

x := 3

po

x := 4

po

Branch Postpone&



schedule

c := y

x := 4

schedule

x := 2

x := 3

b := y
a := x x := 2

a := 0

b := 0

x := 3

c := 0

x := 4

a := 2

a := 3

b := 0

x := 3c := 0

x := 4 a := 4

c := 0

x := 4

b := 0

x := 3

c := 0

rf
inity

x := 4

po
b := 0

rf

x := 3

po
a := 2 x := 2

rf x := 4

po

x := 3

po
c := 0

rf
inity

b := 0

rf

b := 0

rf
inity

x := 3

po

x := 4

po
c := 0

rf
inity

x := 2a := 0 b := 0

rf
inity

c := 0

rfrf
initx

x := 3

po

x := 4

po

Branch Postpone&



schedule

c := y

x := 4

x := 2

x := 3

b := y
a := x x := 2

a := 0

b := 0

x := 3

c := 0

x := 4

a := 2

a := 3

b := 0

x := 3c := 0

x := 4 a := 4

c := 0

x := 4

b := 0

x := 3

b := 0

rf
inity

x := 3

po

x := 4

po
c := 0

rf
inity

c := 0

rf
inity

x := 4

po
b := 0

rf

x := 3

po
a := 2 x := 2

rf x := 4

po

x := 3

po
c := 0

rf
inity

b := 0

rf

x := 2a := 0 b := 0

rf
inity

c := 0

rfrf
initx

x := 3

po

x := 4

po

Branch Postpone&



x := 3

po

inity

b := 0

rf

schedule

c := y

x := 4

x := 2

x := 3

b := y
a := x x := 2

a := 0

b := 0

x := 3

c := 0

x := 4

a := 2

a := 3

b := 0

x := 3c := 0

x := 4 a := 4

c := 0

x := 4

b := 0

x := 3

rf

x := 2a := 3

b := 0

rf
inity

x := 3

po

x := 4

po
c := 0

rf
inity

c := 0

rf
inity

x := 4

po
b := 0

rf

x := 3

po
a := 2 x := 2

rf x := 4

po

x := 3

po
c := 0

rf
inity

b := 0

rf

x := 2a := 0 b := 0

rf
inity

c := 0

rfrf
initx

x := 3

po

x := 4

po

Branch Postpone&



x := 3

po

inity

b := 0

rf

schedule

c := y

x := 4

x := 2

x := 3

b := y
a := x x := 2

a := 0

b := 0

x := 3

c := 0

x := 4

a := 2

a := 3

b := 0

x := 3c := 0

x := 4 a := 4

c := 0

x := 4

b := 0

x := 3

rf

x := 2a := 3

b := 0

rf
inity

x := 3

po

x := 4

po
c := 0

rf
inity

c := 0

rf
inity

x := 4

po
b := 0

rf

x := 3

po
a := 2 x := 2

rf x := 4

po

x := 3

po
c := 0

rf
inity

b := 0

rf

x := 2a := 0 b := 0

rf
inity

c := 0

rfrf
initx

x := 3

po

x := 4

po

Branch Postpone&



schedule

c := y

x := 4

x := 2

x := 3

b := y
a := x x := 2

a := 0

b := 0

x := 3

c := 0

x := 4

a := 2

a := 3

b := 0

x := 3c := 0

x := 4 a := 4

c := 0

x := 4

b := 0

x := 3x := 2a := 3

c := 0

x := 3

po

inity

b := 0

rf

rf

b := 0

rf
inity

x := 3

po

x := 4

po
c := 0

rf
inity

c := 0

rf
inity

x := 4

po
b := 0

rf

x := 3

po
a := 2 x := 2

rf x := 4

po

x := 3

po
c := 0

rf
inity

b := 0

rf

x := 2a := 0 b := 0

rf
inity

c := 0

rfrf
initx

x := 3

po

x := 4

po

Branch Postpone&



schedule

c := y

x := 4

x := 2

x := 3

b := y
a := x x := 2

a := 0

b := 0

x := 3

c := 0

x := 4

a := 2

a := 3

b := 0

x := 3c := 0

x := 4 a := 4

c := 0

x := 4

b := 0

x := 3x := 2a := 3

c := 0

x := 3

po

inity

b := 0

rf

rf

c := 0

rf

b := 0

rf
inity

x := 3

po

x := 4

po
c := 0

rf
inity

c := 0

rf
inity

x := 4

po
b := 0

rf

x := 3

po
a := 2 x := 2

rf x := 4

po

x := 3

po
c := 0

rf
inity

b := 0

rf

x := 2a := 0 b := 0

rf
inity

c := 0

rfrf
initx

x := 3

po

x := 4

po

Branch Postpone&



inity

schedule

c := y

x := 4

x := 2

x := 3

b := y
a := x x := 2

a := 0

b := 0

x := 3

c := 0

x := 4

a := 2

a := 3

b := 0

x := 3c := 0

x := 4 a := 4

c := 0

x := 4

b := 0

x := 3x := 2a := 3

c := 0

x := 4

x := 3

po
b := 0

rf

rf

c := 0

rf

b := 0

rf
inity

x := 3

po

x := 4

po
c := 0

rf
inity

c := 0

rf
inity

x := 4

po
b := 0

rf

x := 3

po
a := 2 x := 2

rf x := 4

po

x := 3

po
c := 0

rf
inity

b := 0

rf

x := 2a := 0 b := 0

rf
inity

c := 0

rfrf
initx

x := 3

po

x := 4

po

Branch Postpone&



inity

schedule

c := y

x := 4

x := 2

x := 3

b := y
a := x x := 2

a := 0

b := 0

x := 3

c := 0

x := 4

a := 2

a := 3

b := 0

x := 3c := 0

x := 4 a := 4

c := 0

x := 4

b := 0

x := 3x := 2a := 3

c := 0

x := 4

x := 3

po
b := 0

rf

rf

c := 0

rf

x := 4

po

b := 0

rf
inity

x := 3

po

x := 4

po
c := 0

rf
inity

c := 0

rf
inity

x := 4

po
b := 0

rf

x := 3

po
a := 2 x := 2

rf x := 4

po

x := 3

po
c := 0

rf
inity

b := 0

rf

x := 2a := 0 b := 0

rf
inity

c := 0

rfrf
initx

x := 3

po

x := 4

po

Branch Postpone&



schedule

c := y

x := 4

x := 2

x := 3

b := y
a := x x := 2

a := 0

b := 0

x := 3

c := 0

x := 4

a := 2

a := 3

b := 0

x := 3c := 0

x := 4 a := 4

c := 0

x := 4

b := 0

x := 3b := 0

x := 3

rf

po

inity
c := 0

c := 0

rf

x := 4

x := 4

po

inity

x := 2a := 3

x := 3

po
b := 0

rf

rf

c := 0

rf

x := 4

po

b := 0

rf
inity

x := 3

po

x := 4

po
c := 0

rf
inity

c := 0

rf
inity

x := 4

po
b := 0

rf

x := 3

po
a := 2 x := 2

rf x := 4

po

x := 3

po
c := 0

rf
inity

b := 0

rf

x := 2a := 0 b := 0

rf
inity

c := 0

rfrf
initx

x := 3

po

x := 4

po

Branch Postpone&



schedule

c := y

x := 4

x := 2

x := 3

b := y
a := x x := 2

a := 0

b := 0

x := 3

c := 0

x := 4

a := 2

a := 3

b := 0

x := 3c := 0

x := 4 a := 4

c := 0

x := 4

b := 0

x := 3b := 0

x := 3

rf

po

inity
c := 0

c := 0

rf

x := 4

x := 4

po

inity

x := 2a := 3

x := 3

po
b := 0

rf

rf

c := 0

rf

x := 4

po

b := 0

rf
inity

x := 3

po

x := 4

po
c := 0

rf
inity

c := 0

rf
inity

x := 4

po
b := 0

rf

x := 3

po
a := 2 x := 2

rf x := 4

po

x := 3

po
c := 0

rf
inity

b := 0

rf

x := 2a := 0 b := 0

rf
inity

c := 0

rfrf
initx

x := 3

po

x := 4

po

Branch Postpone&



c := y

x := 4

x := 2

x := 3

b := y
a := x x := 2

a := 0

b := 0

x := 3

c := 0

x := 4

x := 4

po

a := 2

a := 3

b := 0

x := 3c := 0

x := 4
x := 4

po

a := 4

c := 0

x := 4

b := 0

x := 3

c := 0

c := 0

rf

x := 4

x := 4

po

inity

x := 2a := 3

x := 3

po
b := 0

rf

rf

c := 0

rf

x := 4

po

a := 2 x := 2

rf x := 4

po

x := 3

po
c := 0

rf
inity

b := 0

rf

x := 2a := 0 b := 0

rf
inity

c := 0

rfrf
initx

x := 3

po

x := 4

po

Branch Postpone&



inity

c := 0

rf

x := 4

po

c := y

x := 4

x := 2

x := 3

b := y
a := x x := 2

a := 0

b := 0

x := 3

c := 0

x := 4

a := 2

a := 3

b := 0

x := 3c := 0

x := 4 a := 4

c := 0

x := 4

b := 0

x := 3

c := 0

x := 4

rf

x := 2a := 4

inity

x := 2a := 3

x := 3

po
b := 0

rf

rf

c := 0

rf

x := 4

po

a := 2 x := 2

rf x := 4

po

x := 3

po
c := 0

rf
inity

b := 0

rf

x := 2a := 0 b := 0

rf
inity

c := 0

rfrf
initx

x := 3

po

x := 4

po



inity

c := 0

rf

x := 4

po

c := y

x := 4

x := 2

x := 3

b := y
a := x x := 2

a := 0

b := 0

x := 3

c := 0

x := 4

a := 2

a := 3

b := 0

x := 3c := 0

x := 4 a := 4

c := 0

x := 4

b := 0

x := 3

c := 0

x := 4

rf

x := 2a := 4

inity

x := 2a := 3

x := 3

po
b := 0

rf

rf

c := 0

rf

x := 4

po

a := 2 x := 2

rf x := 4

po

x := 3

po
c := 0

rf
inity

b := 0

rf

x := 2a := 0 b := 0

rf
inity

c := 0

rfrf
initx

x := 3

po

x := 4

po



c := y

x := 4

x := 2

x := 3

b := y
a := x x := 2

a := 0

b := 0

x := 3

c := 0

x := 4

a := 2

a := 3

b := 0

x := 3c := 0

x := 4 a := 4

c := 0

x := 4

b := 0

x := 3

c := 0

x := 4

rf

x := 2a := 4

b := 0

inity

c := 0

rf

x := 4

po

inity

x := 2a := 3

x := 3

po
b := 0

rf

rf

c := 0

rf

x := 4

po

a := 2 x := 2

rf x := 4

po

x := 3

po
c := 0

rf
inity

b := 0

rf

x := 2a := 0 b := 0

rf
inity

c := 0

rfrf
initx

x := 3

po

x := 4

po



c := y

x := 4

x := 2

x := 3

b := y
a := x x := 2

a := 0

b := 0

x := 3

c := 0

x := 4

a := 2

a := 3

b := 0

x := 3c := 0
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•Sound
•only valid traces

•Complete
•all valid traces

•Optimal
•different traces

•Deadlock-free
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Standard Benchmarks



SV-COMP

Synthetic Programs
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• Experiments

Future Work

• Other Memory Models 
• Full C11, SC, TSO, POWER, ARM, Causal 

Consistency, … 
• Weaker Notions of Traces 
• Other Properties: 

• Race Detection 
• Liveness: Progress, Termination, …
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