




Concurrency Unit Testing with CHESS 

Kernel: 
         Threads, Scheduler, 
         Synchronization Objects 

 
 
While(not done) { 
     TestScenario() 
} 

 
TestScenario() { 
       Χ 
} 

Program 

CHESS 

Every run takes a different schedule 
Every run is repeatable 

Win32 API 

Detect 
Å Assertion violations 
Å Deadlocks 
Å Dataraces 
Å Livelocks 



Enumerating thread schedules 

x++; 
x++; 

x*=2; 
x*=2; 
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int x=0; 



x = 1; 
  Χ 
  Χ 
  Χ 
  Χ 
  Χ   
y = k; 

State space explosion 

x = 1; 
  Χ 
  Χ 
  Χ 
  Χ 
  Χ 
y = k; 

Χ 

n threads 

k steps  
 each 

ÅO( nnk ) schedules 

 

Å Exponential in both n and k 

ïTypically:  n < 10   k > 100 

 

Å Limits scalability to large 
programs 

 

 

Goal:  Scale CHESS to large programs (large k) 



x = 1;  
if (p != 0) 
{  
   x = p - >f;  
}  

x = 1;  
if (p != 0) 
{  

Preemption Bounding 

·First, explore schedules with small number  
of preemptive context switches (preemptions)  

 

·Preemptions cause bugs 

   x = p - >f;  
}  

p = 0;  

Thread 1 Thread 2 

preemption 

non-preemption 



Polynomial state space 

·Program with 

·n threads, k steps each 

·c preemptions 

 

·O( (n2k)c n! )schedules 

 

·Exponential in n and c, but not in k 



Preemption Demo 

x++; 
x++; 

x*=2; 
x*=2; 



Find lots of bugs with 2 preemptions 

Program Lines of code  Bugs 

Work Stealing Q 4K 4 

CDS 6K 1 

CCR 9K 3 

ConcRT 16K 4 

Dryad 18K 7 

APE 19K 4 

STM 20K 2 

TPL 24K 9 

PLINQ 24K 1 

Singularity 175K 2 

37 (total) 

Acknowledgement: testers from PCP team 



CHESS 

ÅDownload/papers 

ïhttp://research.microsoft.com/chess/  
 

ÅStateless model checking 

ïscales to large programs 

 

ÅPreemption bounding 

ïeffectively explores schedule space  
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