Rare Event Simulation of Stochastic Activity
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acceleration frequency used for this purpose is !"#8& [11, 18, 37]. IS increases the
probability of rare events by changing the probability laws to help the simulation to
run faster. Also, it forces the simulation model to focus on rare events. Then, it
multiplies the estimator in #{)# ++, -./ % to correct the result and get an unbiased
estimator. The likelihood ratio is roughly the ratio of the original measure and the new
measure associated with the generated path. In this way, the cost of evaluation will
decrease and will become more acceptable. The main problem in general IS is to find
a good probability law. This problem is defined in [15, 31, 4] as a good governor for
the model. Unfortunately, a large part of rare-event simulation is focused on ! %%
H "+ %80)-!/ 1" #& techniques. This means that a fixed change of measure is used
throughout the simulation. While some literature is focused on to the-/,/"%®)-
"+ %80)-!/ 1"#& -technique that changes the measure based on sample simulation
path [2].

IS provides several methods that are different in efficiency and are suitable for
various problems. Lewis and Bohm has tested IS on Markovian unreliability models
and developed 3 $4.)-53 ! & and 3+.0), % & $F&[17]. Later, Goyal et al. extended
the above method in SAVE language [13]. SAVE is basically a generalised machine
repairman model. Today several modelling tools provide IS [3031]. One of these tools
is the 6#4 789 [24, 25], which was used in 1990s for modeling and evaluation with

1960*/ | 9 O%RPH-&) %+ (! (SANSs) [20, 29]. SANS are a stochastic extension of Petri
nets. These models have widely been used for performance and dependability
evaluation in a wide range of systems.

L'Ecuyer and Tuffin has tried to improve IS by using 5+4& ), -.)# %®)-)..+. (BRE)
and #' /. 961 $) 3P &0: (LE) [18, 33, 34].

Splitting technique is also proposed as another approach for rare event simulation.
<=7>8<>* [36, 35, 37] is a techinque based on splitting. This method does not require
changing the probability laws for acceleration, but an artificial drift toward the rare
event is created by terminating with some probability

y trajectories that seems to go away from it and by splitting (cloning) those that are
going in the right direction [19, 11, 9, 5]. The main idea in RESTART is repeation of
important parts of the system (usually rare event) and getting a higher efficiency on
these parts. This method is implemented in ASTRO [36]

This paper presents a novel idea for fast simulation of rare events in SAN models.
The solution is based on "/ . WH-&+3%)-.)' H&(POR) technique [27] as an extension
of the 1%./%$3$)J1-"#$&' . A variant of stratified sampling called % & $B-& ! " 1K

has been published in [10]. This technique is extremely efficient on models like an
M/M/1 queuing model. The reason is that it uses all available exact knowledge and
leaves very little to be simulated. It is very hard to find an appropriate transition
splitting and to calculate the probability of each stratum.

Our new solution generally can be used for SAN models. The method is tested on
four SAN models and the results and simulation time has been compared to the
traditional discrete-event simulation. The results show that simulation is run in the
shorter time length while the relative error of the results shows up to 100 times
improvements.

The remainder of this paper is organized as follows: In section 2, some background
theories are reviewed. In section 3, a new solution for simulation of SAN models
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3 Fast Sinulation of SANs Using POR Tehnique
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Simulator run both traditional and POR methods. The time is in terms of seconds. The
results represent huge improvements in simulation time and precision. The results are
compared to the outputs of the !"#3%&"$"#'1()*# + of Mobius modelling tool. This
helps us to get a real relative error that shown in last column.

Table 4. Results of simulation of SAN model represnted of Figure 3

Method 1-P Time(s) Results Replications Confidence Error
Interval
Naive - 7267.404 | 9.6558236535E-08 240636000 | 1.0887829753E-08 | 6.21%
Simulation
POR 0.09090809 186.843 | 9.6199450981E-08 69213000 | 9.6065787077E-09 | 5.81%

4.2  Example 2. A More Complex Example

In this example, the model has some other normal events running with rare event, so
model is more than just two simple parts. In this model still there is no event
commonly in! ~and! .. The model presented in Figure 4 obviously has two separate

parts:
Flace2
Arct2
Rare_event Place3
Flac
laced
Flaced Artd
Figure 4. A SAN model with a rare event
Table 5. Results of simulation of SAN model represnted of Figure 4
Method 1-P Time(s) Results Replications Confidence Error
Interval
Naive - 2012.609 | 5.0371920274E-07 67975000 | 5.0284734014E-08 | 5.78%
simulation
POR 0.04761813 42.922 | 4.6574525135E-07 12197000 | 4.6561591212E-08 | 2.19%

Table 6. Activities of SAN model of Figure 4

Timed Activity Distribution Parameters
0 Exponential 100
S Exponential 10
2 Exponential 10
g Exponential 10
3$+#4H#5" Exponential 0.0001

In the model presented in Figure 4, the initial markings of all places except 6)$/#,
are zero. 6)$/#, has one token in its initial markings. The sets (! ,'! .," ," ) of this
model have shown in (18) and (19) so just see the result of simulation in table 6.
Results in this test are also compared with outputs of steady state solver of Mdbius
software.
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4.3 Example 3: Two Rare Events
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4.4  Example4: POR vs. IS
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