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1 Purpose of the Benchmark

We have developed a symbolic algorithm [4,6,5] for the computation of observa-
tional bisimulations on labeled transition systems like

– strong
– orthogonal
– branching
– delay

– η

– weak
– progressing
– safety

bisimulation. Although we have mainly developed the new algorithm for our
Statemate models, we wanted to evaluate it on more standard domains like
process-algebraic descriptions of state spaces. One of the classical examples is
the description of a Kanban production system [1] which has already been used
as case study by the model checker Prism [3] and the symbolic performance
evaluation tool Caspa [2].

2 Description of the Kanban Production System

The process-algebraic description of the Kanban system we used consists of four
parallel processes that are synchronized among each other. The system itself can
be parameterized by a maximum number of workpieces that each process can
handle.

We performed two series of experiments with one adapted configuration of the
Kanban system: To enable the sensible application of different kinds of bisim-
ulation, we had to introduce unobservable transitions. We have done this by
hiding all internal process actions, such that only the synchronization actions
were visible. This kind of configuration could be of interest when inter-process
communication only is analyzed.

The input file for our configuration is given in Figure 1. Please note that the
variable ini denotes the number of workpieces along which the descriptions are
parameterized.

⋆ http://www.avacs.org



int ini = 6;

kanban := (hide tredo1, tok1, tback1, tredo2, tok2, tback2,
tok3, tback3, tredo3, tredo4, tok4, tback4 in

(k1(ini,0,0,0) |[tsync1_23]|
(k2(ini,0,0,0) |[tsync1_23,tsync23_4]|
k3(ini,0,0,0))) |[tsync23_4]|
k4(ini,0,0,0)

)

k1(a [ini],x [ini],y [ini],z [ini]) := [a>0] -> (in1,1) ; k1(a-1,x+1,y,z)
[x>0] -> (tredo1,1) ; k1(a,x-1,y+1,z)
[x>0] -> (tok1,1) ; k1(a,x-1,y,z+1)
[y>0] -> (tback1,1) ; k1(a,x+1,y-1,z)
[z>0] -> (tsync1_23,1) ; k1(a+1,x,y,z-1)

k2(w [ini],x [ini],y [ini],z [ini]) := [w>0] -> (tsync1_23,1) ; k2(w-1,x+1,y,z)
[x>0] -> (tredo2,1) ; k2(w,x-1,y+1,z)
[x>0] -> (tok2,1) ; k2(w,x-1,y,z+1)
[y>0] -> (tback2,1) ; k2(w,x+1,y-1,z)
[z>0] -> (tsync23_4,1) ; k2(w+1,x,y,z-1)

k3(w [ini],x [ini],y [ini],z [ini]) := [w>0] -> (tsync1_23,1) ; k3(w-1,x+1,y,z)
[x>0] -> (tredo3,1) ; k3(w,x-1,y+1,z)
[x>0] -> (tok3,1) ; k3(w,x-1,y,z+1)
[y>0] -> (tback3,1) ; k3(w,x+1,y-1,z)
[z>0] -> (tsync23_4,1) ; k3(w+1,x,y,z-1)

k4(w [ini],x [ini],y [ini],z [ini]) := [w>0] -> (tsync23_4,1) ; k4(w-1,x+1,y,z)
[x>0] -> (tredo4,1) ; k4(w,x-1,y+1,z)
[x>0] -> (tok4,1) ; k4(w,x-1,y,z+1)
[y>0] -> (tback4,1) ; k4(w,x+1,y-1,z)
[z>0] -> (tout4,1) ; k4(w+1,x,y,z-1)

Fig. 1. Caspa input for our configuration of the Kanban system.

3 Experimental Results

For generating symbolic LTS representations, we have applied the stochastic pro-
cess algebra tool CASPA (see [2]) from which we extracted symbolic, i. e. BDD,
representations for the Kanban system [1]. We applied our bisimulation tool Si-

gref to the benchmarks and computed the minimal observationally equivalent
system w. r. t. each of the bisimulation mentioned above.

The sizes of the inputs are displayed in table 1, the results of the minimization in
table 2. All experiments were performed on a Dual Core AMD Opteron processor
with 2.4 GHz clock frequency and 4 GB of main memory.
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Table 1. Size of the benchmarks

Input original strong orthogonal branch. delay η weak progress. safety

kanban-4 |S| 1.60e07 778485 51805 2785 2785 2785 2785 8964 2785

|T | 7.44e07 6419550 327079 10932 10932 10932 10932 48755 10932

kanban-5 |S| 1.68e07 ML 228385 7366 7366 7366 7366 24643 7366

|T | 1.34e08 ML 1577123 31795 31795 31795 31795 144881 31795

kanban-6 |S| 2.65e08 ML TL 17010 17010 17010 17010 58463 17010

|T | 1.69e09 ML TL 78584 78584 78584 78584 363384 78584

kanban-7 |S| 2.68e08 ML TL 35456 35456 35456 35456 124311 35456

|T | 2.62e09 ML TL 172382 172382 172382 172382 805684 172382

kanban-8 |S| 4.22e09 ML TL 68217 68217 68217 68217 242858 68217

|T | 2.91e10 ML TL 345128 345128 345128 345128 1626231 345128

kanban-9 |S| 4.29e09 ML TL 123070 123070 123070 123070 443479 123070

|T | 4.11e10 ML TL 642837 642837 642837 642837 3048435 642837

Table 2. Runtimes in seconds for the minimization of the Kanban models

Benchmark strong ortho. branch. delay η weak progress. safety

kanban-4 2915.40 2054.10 14.46 14.24 16.46 16.92 25.58 2.83

kanban-5 ML 33684.30 68.12 74.24 100.38 80.30 142.11 10.66

kanban-6 ML TL 308.57 342.44 455.03 440.04 657.21 48.29

kanban-7 ML TL 1137.11 1301.01 1781.65 1327.28 3775.63 218.17

kanban-8 ML TL 3723.02 4033.71 5841.12 4544.03 7422.98 832.78

kanban-9 ML TL 12869.90 15324.80 16793.90 12285.60 36913.80 3529.68
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