
A model implicitly describes all potential functional behaviour of the system. An 
explicit representation of this behaviour is called a state space. 

State space construction is the main operation performed by a model 
checker. It involves starting from the initial system global state, and identifying the 
valid transitions to successor states. By repeating this operation for all constructed 
states, the complete state space is explored. While doing this, the model checker can 
check the validity of the property of interest. 

GPUexplore is the first model checker to fully run on (CUDA enabled) GPUs. 
Thread blocks fetch discovered states from a global hash table, and construct 
successor states. These are temporarily stored in a local cache residing in shared 
memory. At the end of a construction iteration, the new states are added to the hash 
table.

GPUexplore: GPU Explicit-State Model Checking
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On average 120x speedup when exploring large state spaces!
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GPUexplore is available at 
http://www.win.tue.nl/~awijs

The image of a complete state space was created using the LTSview tool of the mCRL2 toolset (http://www.mcrl2.org).
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Fig. 3. Example of the layout of a bucket for a state vector length of three integers. Inconsistencies
in the old hash table can occur when a slot crosses the half-bucket boundary (marked in orange).
In the new situation, the padding is positioned in such a way that no element slot crosses the
half-bucket boundary.

the tile have been explored, new states are copied directly from the cache to the
work tile, which both reside in shared memory. This reduces the amount of scan-
ning that needs to be performed. However, once a kernel execution terminates, the
contents of the shared memory are lost. To mitigate this, GPUEXPLORE 2.0 tem-
porarily stores the tile in global memory between kernel launches.

– We observed that the work scanning approach is especially inefficient whenever the
hash table slice belonging to some block B contains no work. In that case, B would
completely scan its slice at the beginning of every search iteration, thereby wasting
a lot of time. GPUEXPLORE 2.0 prevents this by keeping track of the presence of
unexplored states in each slice. When some block A places an unexplored state in
the slice belonging to B, A sets B’s work flag to true. Once B has gathered all the
work in its slice, it sets its own flag to false.

– After a block has completed gathering work from some part of its hash table slice, it
is not likely that this part will contain much new work once the next work scanning
is started. Therefore, in GPUEXPLORE 2.0, blocks keep track of which part of their
hash table slice they last scanned. The next scan can then continue from the position
where the previous one finished.

We also performed several optimisations concerning thread synchronisation. We mod-
ified the thread hierarchy so that vector groups never span more than one warp. This
allows the threads in a group to share information through warp instructions for register
swapping. With these changes, we were able to remove all calls to the syncthreads

CUDA function from the main loop of the kernel. This greatly improved the speed of
successor generation, since now, warps spend less time waiting for each other.

5 Experimental Results

To show the improvements in runtime of GPUEXPLORE 2.0 (without applying partial-
order reduction), we performed several experiments. We compared GPUEXPLORE 2.0
with the original version of GPUEXPLORE and with CADP [11]. The sequential exper-
iments were executed on an Intel Xeon E5520 and 1TB of RAM. We used two different
GPUs for running GPUEXPLORE: an NVIDIA K20m (13 SMs, 5GB of global memory)
and an NVIDIA Titan X (24 SMs, 12GB of global memory). For the original version of
GPUEXPLORE, we ran the kernel on 3,120 blocks of 512 threads each, and performed
ten iterations, consisting of scanning for work and exploring the states in the resulting

5

Model checking involves rigorously analysing the design of a concurrent 
software or hardware system (‘model’). The goal is to determine whether a given 
desired functional property is satisfied by the model.

“the system never 
deadlocks”

A novel hash table design is used to store states. 
It supports correctly working with states spanning multiple 
integers. 

The hash table is partitioned into buckets. A bucket can be 
read by a warp using a single memory access. By ensuring 
that each element slot completely resides in one half of the 
bucket, half-warps can add states without being interrupted.
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Join our community!

http://fmt.ewi.utwente.nl/NIRICT_GPGPU
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Errors can be detected early in system development.

http://www.win.tue.nl/~awijs/software.html
http://www.mcrl2.org
http://fmt.ewi.utwente.nl/NIRICT_GPGPU

