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Weak memory models provide sound semantics for high 
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Release-Acquire :  all reads are acquire, all writes are release, 
updates(atomic read writes) are acquire/release 
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Release-Acquire (RA)

Verified compilation schemes 
to TSO and Power

Batty et al’11 
Batty et al’12 

Sarkar et al’12 

Supports optimizations

  Wx —> Ry to Ry—> Wx

Absence of data races in SC

implies no weak behaviours

SC does not! Not true for full C11!

Many program logics 

RSL, GPS,OGRA 
Intuitive  semantics 



Operational Model for RA
[J. Kang et al. POPL 2017, A. Podkopaev et al. 2016, Arxiv]
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y := 1

0 2

0 2

Reachable: $r1 =0, $r2 = 1 and $r3=2?

1. $r1 = 0;

r(x,0)

w(y,1)



$r2=y1. $r2 = 1;
2. x = 1;2. y = 1;

y=0

RA run
$r1=0 $r2=0Register values:

Process 1 Process 2

3. $r3 = x; 3. x = 2;

x := 0

0 0

y := 0

0 0

0 0

y := 1

0 2

0 2

Reachable: $r1 =0, $r2 = 1 and $r3=2?

r(y,1)
0 2

1. $r1 = 0;

r(x,0)

w(y,1)



$r2=y1. $r2 = 1;
2. x = 1;2. y = 1;

y=0

RA run
$r1=0 $r2=0Register values:

Process 1 Process 2

3. $r3 = x; 3. x = 2;

x := 0

0 0

y := 0

0 0

0 0

y := 1

0 2

0 2

Reachable: $r1 =0, $r2 = 1 and $r3=2?

0 21 2

x := 1

1 2

1. $r1 = 0;

r(y,1)

w(x,1)

r(x,0)

w(y,1)



$r2=y2. x = 1;2. y = 1;

y=0

RA run
$r1=0 $r2=0Register values:

Process 1 Process 2

3. $r3 = x; 3. x = 2;

x := 0

0 0

y := 0

0 0

0 0

y := 1

0 2

0 2

Reachable: $r1 =0, $r2 = 1 and $r3=2?

0 21 2

x := 1

1 2

3 2

x := 2

3 2

1. $r1 = 0; 1. $r2 = 1;

r(y,1)

w(x,1)

w(x,2)

r(x,0)

w(y,1)



$r2=y2. x = 1;2. y = 1;

y=0

RA run
$r1=0 $r2=0Register values:

Process 1 Process 2

3. $r3 = 2; 3. x = 2;

x := 0

0 0

y := 0

0 0

0 0

y := 1

0 2

0 2

Reachable: $r1 =0, $r2 = 1 and $r3=2?

r(y,1)
0 2

w(x,1)

1 2

x := 1

1 2

3 2

x := 2

3 2

1. $r1 = 0; 1. $r2 = 1;

r(x,2)

w(x,2)

3 2

r(x,0)

w(y,1)
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Given a program P and a (control + memory) state s

• State Reachability Problem (Safety)

Is s reachable in P under RA?
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Given a program P and a (control + memory) state s

• State Reachability Problem (Safety)

Is s reachable in P under RA?

Decidability/ Complexity?

Each process is finite-state

• For SC, the reachability problem is PSPACE-complete

• Nontrivial for RA since the set of paths is nonregular

 The Reachability Problem 





The state reachability problem is undecidable for RA

• By reduction from the Post’s correspondence Problem

u v
1.
2. abba a
3.

b

bbb

abb4.
ba aa

214 is a solution
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The state reachability problem is undecidable for RA

• By reduction from the Post’s correspondence Problem

P1

P2 P4

P3Sequence of indices

Sequence of letters

Sequence of letters

Sequence of indices
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<latexit sha1_base64="M9pTKniLrIOLaM+0wRmkJucM/4g="></latexit>
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k2N
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<latexit sha1_base64="EXQOyxpuY5xVvazGul59Nag77Ts="></latexit>

NON-ELEMENTARY 2
22

··
·n

| {z }
n

<latexit sha1_base64="+YNtuJEaqzwysqGd18bKKoak7ak="></latexit>
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··
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<latexit sha1_base64="X9DZEGTAZVTsya3hNHJh5GLH8jU=">AAACCXicdVDLSgMxFM34rPU16tJNsAh1U2aK+NhVRXA5orWFdiyZNNXQTGZI7ohlmC7d+CtuXCji1j9w59+Y1go+D/fC4Zx7Se4JYsE1OM6bNTY+MTk1nZvJz87NLyzaS8tnOkoUZVUaiUjVA6KZ4JJVgYNg9VgxEgaC1YLuwcCvXTGleSRPoRczPyQXknc4JWCklo2bwK4hLR/WvRNv7+Aw6/f7uHyemoqLciPLWnbBKe067u6Wi38Tt+QMUUAjeC37tdmOaBIyCVQQrRuuE4OfEgWcCpblm4lmMaFdcsEahkoSMu2nw0syvG6UNu5EyrQEPFS/bqQk1LoXBmYyJHCpf3oD8S+vkUBnx0+5jBNgkn481EkEhggPYsFtrhgF0TOEUMXNXzG9JIpQMOHlTQifl+L/yVm55G6VnOPNQmV/FEcOraI1VEQu2kYVdIQ8VEUU3aA79IAerVvr3nqynj9Gx6zRzgr6BuvlHbYqmbs=</latexit>

2EXPSPACE 22
p(n)

<latexit sha1_base64="Sr/3PVCrT9DBuqicnBCh32BeLuc=">AAACDnicdVDLTgIxFO34RHyhLt00EhLckBk0KDuUkLjEKI8EkHRKgYZOZ9LeMZLJ8ANu/BU3LjTGrWt3/o3Dw8Tnyb3JyTn3pr3H9gTXYJrvxtz8wuLScmwlvrq2vrGZ2NquatdXlFWoK1xVt4lmgktWAQ6C1T3FiGMLVrMHxbFfu2ZKc1dewtBjLYf0JO9ySiCS2olUE9gNBAelevmifFIshaPRCGevgml5abkfhmG8nUiambxp5XMW/k2sjDlBEs1Qbifemh2X+g6TQAXRumGZHrQCooBTwcJ409fMI3RAeqwRUUkcplvB5JwQpyKlg7uuiloCnqhfNwLiaD107GjSIdDXP72x+JfX8KF73Aq49Hxgkk4f6voCg4vH2eAOV4yCGEaEUMWjv2LaJ4pQiBIch/B5Kf6fVLMZK5cxzw+ThdNZHDG0i/ZQGlnoCBXQGSqjCqLoFt2jR/Rk3BkPxrPxMh2dM2Y7O+gbjNcPEDabgA==</latexit>

3EXPSPACE 22
2p(n)

<latexit sha1_base64="M9pTKniLrIOLaM+0wRmkJucM/4g="></latexit>

ELEMENTARY
[

k2N
{kEXPSPACE}

<latexit sha1_base64="EXQOyxpuY5xVvazGul59Nag77Ts="></latexit>

NON-ELEMENTARY 2
22

··
·n

| {z }
n

<latexit sha1_base64="+YNtuJEaqzwysqGd18bKKoak7ak="></latexit>

Ackerman 3, 4, 8, 2048, 22
2·

··
2

| {z }
2048

, . . .

Reachability of RA without arw  

OPEN



Context-bounded Analysis (CBA)



Context-bounded Analysis (CBA)

 Efficient under-approximation technique for SC [Qadeer et 
al. 2005, Lal et al. 2009, Torre et al. 2009] 

 A context denotes one active process in a run 

  For instance,  has an  unbounded context switch, 
while  is 1-context bounded 

• Several tools: CHESS, Corral, CSeq, etc

(P1P2)*
P1P*2
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with a bounded number (3) of context switches  
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Context-bounded Analysis (CBA)

P1

P2 P4

P3Sequence of indices

Sequence of letters

Sequence of letters

Sequence of indices

The state reachability problem is still undecidable for RA 
with a bounded number (3) of context switches  

(context: only one  “active” process) 
P1 runs; P2 runs; P3 runs; P4 runs 

Need a different under approximation for RA
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View Switch

r(x,2)

w(x,2)

r(y,1)

w(y,3)

View switch

View switch

r(y,3)

r(x,0)

w(y,1)

2-bounded run

A view-switch happens when 
a process reads a value 

written by another process, 
and changes its view

No View switch
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r(x,2)

w(x,2)

r(y,1)

w(y,3)

View switch

View switch

r(y,3)

r(x,0)

w(y,1)

A view-switch happens when 
a process reads a value 

written by another process, 
and changes its view

Bounding the  number of 
essential views in the memory

x := 2
5 3

y := 1
0 2

y := 0
0 0

x := 0
0 0

x := 1
1 2

y := 3
0 3

The undecidability proof needed unbounded  number of view switches
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K-bounded Reachability Problem

Definition

Reachability problem restricted to K-bounded runs

Theorem
The K-bounded reachability for RA is reducible to 

K+n bounded context reachability under SC

Corollary
The K-bounded reachability for RA  is decidable 

for finite-state programs

Code-to-code 
translation
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View bounding under RA to Context bounding under SC

• View bound K implies K essential messages

• K time stamps, one per essential message

• Another K  time stamps for comparison corresponding to a 

view change 

• 2K time stamps
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pview_x=(ptime(x), pval(x), pUseful(x))

Globally, maintain a set of Messages, each of type (var, View)
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pUseful(x)=true, and update ptime(x)

• Guess if this will result in an essential message. If yes,  add to 
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• Once all essential messages are generated, Messages has all necessary 

data, simply run all processes to completion ( K+n context switches). 
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• On each read  r:=x, guess if this read is view altering. If yes, 

check if pUseful(x) is true in pview_x, and pUseful(var) is true 

in pView for all var
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• On each read  r:=x, guess if this read is view altering. If yes, 

check if pUseful(x) is true in pview_x, and pUseful(var) is true 

in pView for all var

• Pick up a suitable m=(x, View) from Messages

• Update ptime(var), pval(var)  in pView if ptime(var) is at most 

mtime(var)

Per process p, maintain pView=(pview_x,….pview_z), 
pview_x=(ptime(x), pval(x), pUseful(x))

Globally, maintain a set of messages, each of type (var, View)
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View Bounded Model Checker (VBMC)

• Using CBMC as backend model checker

VBMC
K-bounded 

reachability

C/Pthread  
program Instrumented 

program CBMC Reachable?



View Bounded Model Checker (VBMC)

✦ Tested with 4004 litmus tests [Sarkar et al. 2011]: 

• Same results as Herd [Alglave et al. 2014] 

✦ Tested on concurrent benchmarks: 

• Few number of contexts sufficient for bug detection under RA  

• Catches isolated bugs faster than state of the art SMC tools 
Tracer, RCMC and CDSChecker
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x := 1
a := x

...

...

x := 1
a := x

...

...

x := 1
a := x

...

...

⋯⋯ ⋯⋯
Identical threads
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