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Concurrency Unit Testing with CHES

Program Every run takes a different schedul
CHESS i

e —— Every run is repeatable

While(not done) { / X

TestScenari) }
) Detect
| \ AAssertion violations
Win3z API l [ -~ ADeadlocks

ADataraces
Al ivelocks



Enumerating thread schedules

Int x=0;
Thread 1 Thread 2

X++; X*=2; 0
X++; X*=2: \

\ \
2 2 1 0
] \ \
4 3 4 2 2 1
| | ]
8 6 5 4 3 2



State space explosion

Thread 1 Thread n
)~ A O(nnk) schedules
Xx=1; X =1;
X X
X X A Exponential in both n and k
X X X | ksteps )} _
” " each I Typically: n<10 k> 100
X X
y =k y =k; A Limits scalability to large
I programs
\ l
Y
n threads

Goal: Scale CHESS to large programs (large k)



Preemption Bounding

First, explore schedules with small number
of preemptive context switchep(eemptions)

Preemptions cause bugs

Thread 2

X =1, .
if (p 1= 0) [p—O, }
| {

| <— preemption
X =p->f;

}

<+ non-preemption



Polynomial state space

- Program with
- n threads, k steps each
- C preemptions

- O( (rFk)¢ n! )schedules

- Exponential in n and out not in k




Preemption Demo

Thread 1 Thread 2

X++
X++;

i T




Find lots of bugs with preemptions

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

A Download/papers
I http://research.microsoft.com/chess/

A Stateless model checking
| scales to large programs

A Preemption bounding
| effectively explores schedule space


http://research.microsoft.com/chess/
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r@ 9 U A \” FW: BVT BREAK anulb =13357: move template into different director... E@'ﬁ

&

ij'/ Message 'E',.l
You replied on 4/14/2008 2:17 AM.
From: zearge Chrysanthakopoulos Sent:  Tue 4/8/2008 3:30 Pr
To Tom Ball
o
Subjed: FW: BVTBREAK anullb #13357: move template into different directory, fixed name of

] Message | 2 13357 MsrsTestResults. output.eml {542 B

Hi Tom, today one of our CCR bvts failed {and they have not failed in aleng time ) which means there
is some very rare race in either the MultipleltemReceive primitive or something more fundamental.

i) v &N

* Starting Unit test:IteratorWithMultipleltemReceivreManyPort=.5uite:Iterator
Suite.Iteration=:{100}.

The test above was the one that did not terminate. This is something you can throw CHESS at to see
if it catches anything.

Thanx

4| m »







