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ABSTRACT

Phase-type (PH) distributions are a valuable tool for repre-
senting real-world phenomena such as failure-times or response-
times in an analytically tractable way. Recently, the appli-
cation of phase-type distributions in simulation has received
increasing attention. In simulation, phase-type distributions
enable good representation of empirical distributions, even
if the data does not follow one of the well-known statis-
tical distributions. Furthermore, since phase-type distribu-
tions have Markovian representations, analytical approaches
can be used to support simulation results. So far, however,
well-known discrete-event simulators do not support PH dis-
tributions. In this paper we introduce the libphprng li-
brary for generating random-variates from PH distributions.
Libphprng combines efficient methods with easy usage. Fur-
thermore, libphrng integrates seamlessly with discrete-event
simulators such as OMNeT++ without any changes to the
library core.
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1. INTRODUCTION

Many aspects of system resilience can, and ideally should,
be studied at different abstraction levels: Experimentation
on test-beds is necessary to gain an understanding of the
system under realistic conditions. Discrete-event simulation
enables fast evaluation of many different configurations. Ab-
stract mathematical models provide general insights and el-
egant solution methods. Real-world phenomena are often
represented in evaluation by stochastic models fitted to mea-
surement traces. These models replicate the phenomenon in
a test-bed or simulation, or include its characteristics in an-
alytical solutions. Probability distributions are a common
type of stochastic model used in system evaluation.

Phase-type (PH) distributions are a class of distributions
that are known to be very powerful for modelling typical
phenomena such as response-times, failure times, or interar-
rival times. PH distributions are defined as the distribution
of the time to absorption in a Markov chain with one ab-
sorbing state. This characteristic enables elegant analytical
approaches, e.g. [7]. While PH distributions have long been
used in analytical approaches, they are seldom applied in
simulation or measurement studies. The main reason for
this gap is certainly the separation between scientific com-
munities. To practitioners, many concepts related to PH
distributions might appear rather abstract, if not esoteric,
while the focus in the modelling community is typically not
on discrete-event simulation or on providing practical imple-
mentations.

In this paper we propose the libphprng library for gener-
ating PH-distributed random variates. The library is part
of the Butools package [1] and can be linked to existing
discrete-event simulators to enable the use of PH distributed
random variates in simulations. The only adjustment neces-
sary is the implementation of a small wrapper module. We
provide wrapper modules for OMNeT++ and NS-2.

The remainder of this paper is structured as follows. First,
we provide a very brief and gentle introduction to phase-
type distributions, paying particular attention to their ad-
vantages over other distributions. We then describe the ar-
chitecture and features of the library and compare it to other
approaches. Finally, in Section 5 we illustrate application
of PH distributions in a case-study using the OMNeT++
discrete-event simulator [17], before concluding the paper
in Section 7.
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Figure 1: A continuous-time Markov chain with one
absorbing state.

2. A GENTLE INTRODUCTION TO PHASE-
TYPE DISTRIBUTIONS

Continuous phase-type distributions (PH distributions)
are defined as the distribution of time to absorption in a
Continuous-Time Markov Chain (CTMC) with one absorb-
ing state [7]." The simplest case of a PH distribution is the
exponential distribution with rate A > 0. If we consider n ex-
ponentially distributed random variables X1, ..., X, where
the rates of the exponential distributions are A1,..., A, > 0,
different distributions can be constructed by combining the
individual distributions Fi(t),...,Fn(t). For instance, a
mixture of these distributions with probabilities a1, ..., an,
whose sum is 1 forms the hyper-exponential distribution
with density

Jrps(t) = Zaz‘fz‘(t)- (1)

This distribution arises if we assume that with probability
a; a sample is drawn from the ith random variable, X;. As
an other example, we may consider the sum of exponentially
distributed random variables, which has a hypo-exponential
distribution. If all the rates are equal to A, we get an Erlang
distribution, with density

)\tn71 ef)\t

Jenlt) = =0 -y

(2)

Phase-type distributions generalise the idea of combin-
ing exponential distributions. Consider the continuous-time
Markov chain shown in Figure 1 and assume we enter this
chain at some state i. Now, as time progresses, state-changes
will occur and different states will be visited, before the
chain finally enters the absorbing state. For each state that
is visited, the time before going to the next state follows
an exponential distribution. Thus, the time that it takes to
reach the absorbing state from an initial state ¢ is a sum
of samples from exponential distributions. By entering at
different states ¢ or by taking different paths through the
CTMC, different mixtures of distributions occur.

To put this into more formal terms, consider a tuple (a, Q)
of a vector a« € R"™ and a matrix Q € R"*". Let 1 be the
column vector of ones of appropriate length, and let a1l = 1
and a > 0. That is, a is a non-negative vector whose ele-
ments sum to one. Furthermore, let

—A11 - An

Q=| = (3)
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'Note that the same concept exists for DTMCs, however, in
the present work we focus on the continuous-time case.

291

be such that )\ij > 0 for g =1,...,n;¢ # ki and A;; > 0
and QII < O (i.e., all non-diagonal elements of Q are non-
negative, all diagonal elements are negative, and all row-
sums of Q are either zero or negative). If QI # 0, then
Q gives the transition rates for the transient states of the
continuous-time Markov chain with generator matrix

Ao (Q QI
while a gives the initial probabilities of the transient states.
The absorbing state of this CTMC is n + 1, and the tuple

(v, Q) describes the behaviour of the CTMC in the transient
part. Given this notation, we can define PH distributions:

DEFINITION 2.1. Let (o, Q) be as described before. The
probability density function (PDF), cumulative distribution
function (CDF), and kth moment, respectively, are defined
as follows [7, 2, 14]:

fl@) = ae¥(-Q), (5)
F(z) = 1-— e, (6)
E[Xk] = ka(-Q) "L (7)

where 1 is the column vector of ones of the appropriate size.
The size of the (o, Q) representation is the size of the vector
a, which is equal to the size of the square matriz Q.

Note that « is a row vector and both I and —Q1I are
column vectors. Consequently, the above definitions indeed
yield scalar values.

To illustrate these concepts, consider again the exponen-
tial distribution with rate A. In this case, n = 1, @ = (1)
and

Q=(-)). (®)
For the hyper-exponential distribution of size n we have
a = (a1,...,ay)and 9)
-1 0
0 —X O
Q = ., (10)
—An—1 0
0 —An

while the hypo-exponential distribution is defined by

a = (1,0,...,0) and (11)
A1 M
0 A2 A2
Q = (12)
_)\nfl )\nfl
0 —An

Note that the (o, Q) representation for PH distributions
is by no means unique. That is, there usually exist several
different tuples that define the same distribution [7]. Fur-
thermore, there exist several sub-classes of PH distributions.
While these sub-classes are less flexible than the general PH
class, there are special structures available for them that
allow more efficient algorithms for random-variate genera-
tion. Of particular interest is the class of acyclic phase-type



(APH) distributions, which contains all PH distributions
that have a representation without cycles in the Markov
chain. For this class, efficient algorithms and algorithms
for optimisation of the representation have been proposed
in [10].

3. PHDISTRIBUTIONS IN SYSTEM EVAL-
UATION

As discussed in the introduction, system evaluation should
be done at different abstraction levels. In order to evaluate
a system, one typically performs experimentation on test-
beds, simulation, or analysis. In all three approaches, a
model of the real system is used. This system model must
contain important phenomena characterising the real sys-
tem, such as service-times or failure-times. In order to get
representative results, these phenomena, as present in the
model, should be based on observations of the real system.
Given such observations, the simplest approach is to replay
measurement traces directly. However, measurement traces
do not generalise. That is, results obtained for one trace
can only be trusted to hold for that trace, and do not give
general results about the system. Furthermore, traces can
only be used in simulation and experimentation, but are not
applicable to analytical approaches.

These issues are typically addressed by using a stochas-
tic model instead of the trace itself to replicate the phe-
nomenon in the evaluation. Probability distributions are
the most common way of modelling real-world phenomena
for use in system evaluation (cf. e.g. [16]). In simulation
and test-beds, they are used to generate random variates
that replicate the phenomenon, e.g. service-time, while in
analytical approaches the properties of the distribution are
used.

Given a measurement trace, random variates may be gen-
erated by directly drawing from the empirical distribution
of the data. This is a straightforward approach that can
be implemented using e.g. OMNeT++’s cPSquare module.
On the other hand, this method of drawing from an em-
pirical distribution based on raw data cannot be used in
analytical methods; consequently, one cannot employ the
same stochastic model in the simulation and in the analysis.
A more general approach is then to parameterise one of the
various theoretical distributions that are available with OM-
NeT++ such that it represents important properties of the
data. For example, the mean may be represented by choos-
ing an exponential distribution with appropriate parame-
terisation, and both mean and variance may be reflected by
e.g. using a lognormal distribution. Although more gen-
eral, this approach still has its shortcomings. First, many
data sets cannot be represented well by these theoretical
distributions. For instance, measurement data from TCP
connections over lossy links often exhibits distinct peaks at
the values of the TCP RTO timeout, i.e. at 3s, 65, 9s, and
so on [11]. While we may parameterise one of the standard
statistical distributions such that it has the same mean and
variance as this data, the characteristic shape of the den-
sity cannot be reproduced. Second, theoretical distributions
differ in their parameterisation and in the methods of draw-
ing random variates. Therefore, there is no generic way of
applying these distributions. Third, although possible, anal-
ysis using general distributions is often quite tedious.

Phase-type distributions address all three of these prob-
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Figure 2: Architecture of libphprng.

lems: As we will illustrate in Section 5, they can be pa-
rameterised such that they reflect the empirical moments,
density, or distribution function closely. Second, all PH dis-
tribution share the representation as a tuple (o, Q) of a
stochastic vector e and a sub-generator matrix Q. There
exist several generic tools that automate the task of fitting
PH distributions to given measurement data, e.g. PhFit [2]
or G-FIT [15]. The tuple representation also enables the
development of generic algorithms for random-variate gen-
eration from PH distributions [9]. These algorithms can gen-
erate random variates from a PH distribution irrespective of
the distribution it approximates. Third, as phase-type dis-
tributions are still Markovian, they can be used efficiently
in analytical approaches (cf. e.g. [7]).

4. THE LIBPHPRNG LIBRARY

We have developed the libphprng library to enable the
efficient use of phase-type distributions in system evalua-
tion using discrete-event simulation. Libphprng employs the
methods for efficient random variate generation described
in [13, 9], [3], and the optimisation method described in [10].
Libphprng is part of the Butools package [1], which pro-
vides easy-to-use implementations of various methods for
Markovian and non-Markovian distributions and processes.
Libphprng is a shared library that implements a C++ class
for random-variate generation from phase-type distributions
and provides a generic interface for connecting the library to
arbitrary simulation tools. Figure 2 shows the basic archi-
tecture of libphprng: The library core provides the function-
ality for generating PH-distributed random variates. This
code is accessible through the BuToolsGenerator class. The
user creates an object of this class for each required PH-
distributed random-variate source, specifying a file that con-
tains the parameters of the distribution. Upon creation, a
BuToolsGenerator object reads the PH distribution from
the file and parameterises itself such that it generates ran-
dom variates from this distribution. Then, each call to the
method BuToolsGenerator: :getVariate() yields one ran-
dom variate.

The code for generating random variates requires uniform
random numbers. OMNeT++ and other discrete-event sim-
ulators provide elaborate uniform random number genera-
tors. In particular, OMNeT++ offers several user-configura-
ble independent random-number streams. These facilities
are supported by libphprng through the use of a thin, simu-
lator-specific wrapper module for the simulator’s native ran-
dom number generator. The user needs to instantiate an
object of a suitable UniformRandomWrapper class and reg-
ister this object with the BuToolsGenerator object. The
BuToolsGenerator object will then use the specified uniform
random number generator, supporting simulator-specific fea-
tures such as independent streams. We provide wrapper
code for both OMNeT++ and ns-2; other wrappers can eas-
ily be built following these examples.
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4.1 Related Work

We are aware of only one other tool that supports phase-
type distributions in discrete-event simulators: The Arrival-
Process module [4] provides stochastic processes for OM-
NeT++. In particular, ArrivalProcess supports Marko-
vian Arrival Processes (MAPs), of which phase-type distri-
butions are a sub-class. With proper input, ArrivalProcess
can be used to generate phase-type distributed random vari-
ates: Let Do, D1 be the MAP matrices. By setting Do = Q
and D; = —QI - «, we can use ArrivalProcess to gen-
erate random variates from a phase-type distribution with
parameters (o, Q).

ArrivalProcess is capable of generating random variates
from more elaborate stochastic processes than libphprng.
For instance, ArrivalProcess can be used to generate corre-
lated random variates, which is not possible with libphprng.
On the other hand, the limitation of libphprng to phase-
type distributions enables much more efficient algorithms, as
structural properties, sub-classes, and optimisation can be
used. Such methods are not known for more general stochas-
tic processes. We will illustrate the performance advantage
of libphprng in Section 6. Furthermore, from an applica-
tion point of view, libphprng is more general, in that it is
completely independent of the simulator. Since it is imple-
mented as a library, libphprng can be linked dynamically and
seamlessly to any simulator (or other application requiring
PH random variates), thus enabling efficient random-variate
generation without changes to the library and with minimal
changes to simulation code.

S. AN ILLUSTRATIVE EXAMPLE

We will now discuss the application of the libphprng li-
brary in system evaluation using the OMNeT++ discrete-
event simulator. The case-study we present is similar to that
in [12], however, since our goal here is to illustrate the use
of libphprng, we simplify the study considerably and focus
on methodological and implementation details.

Consider the problem of developing an algorithm for com-
puting the request timeout in a service-oriented system.
When this timeout elapses, the client assumes that the re-
quest failed or will take very long to complete. In this case,
the client aborts and restarts its request. If failures and
long completion-times are caused by transient faults, the
restarted request may yield a response that arrives sooner
than if the client had waited for the response to the original
request. In service-oriented systems, such transient faults
can be due to common influences such as IP packet loss
and temporary server overload. In such situations, response-
times may often be reduced by restart. Restarting too soon,
or too often, however, increases load and may thus exac-
erbate the problem, increasing response-times even further.
Therefore, the optimal restart interval must be computed
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class WorkServer: public cSimpleModule {
OMNetRandomSourceWrapper * orsw;
PhGen * phgen;

private void initServiceTime
(charx filename);
private double getServiceTime ();

}

void WorkServer::initServiceTime
(charx filename) {
phgen = new BuToolsGenerator (filename)
Orsw = new
OMNetRandomSourceWrapper (2);
phgen—>setUniformRandomSource (orsw);

}

double WorkServer :: getServiceTime () {
return phgen—>getVariate ();
}

Figure 4: Source code for the inclusion of libphprng
in a simple OMNeT++ server class.

based on operating conditions.

While there exist analytical approaches for computing the
optimal timeout in simple scenarios [16], more complex ser-
vice strategies or job semantics as well as scenarios with
multiple clients competing for the same resources require
simulation.

In our example we consider the following scenario (Fig-
ure 3): Clients generate jobs according to a Poisson process.
Each client has an internal FIFO queue from which it re-
moves jobs one-by-one and submits them to the server for
processing. If the job is not finished before the restart time-
out, the client aborts the job and immediately re-submits it
to the server. The next job is taken from the queue only after
the current job has been completed. In the server, incoming
jobs are stored in one single FIFO queue and processed on
a first-come, first-served basis. After the server completes
a job, it sends back a response to the client. The time for
job processing is governed by the service-time distribution
Fs. We are interested in whether restart may help in this
scenario as well as in the optimal restart timeout. For sim-
plicity, in the following we assume that there is only a single
client. In this case, no queueing occurs in the server.

We implemented this scenario as a simple simulation in
OMNeT++. In order to use the libphprng library within a
simulation, two steps are required:

1. The simulation source code needs to be modified such
that the BuToolsGenerator object from the libphprng
library is used.

2. The simulation must be linked with the 1ibphprng.so.1
and 1ibOMNetRandomSourceWrapper.so.1 libraries.

Figure 4 illustrates the modifications required for using
the libphprng library in our example. The figure shows the
relevant parts of the WorkServer class. In our simulation,
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Figure 5: Histogram of empirical service-times and
approximated service-time densities (truncated at
7s).

the WorkServer class implements the simple server. The
method initServiceTime () is called during initialisation of
a WorkServer instance to initialise the service time distribu-
tion. During operation, every time a job from the queue en-
ters service or is restarted, a service-time sample is required
to parameterise the delay. For each service-time sample,
WorkServer calls its getServiceTime () method.

The first modification affects initServiceTime(): The
server class uses a single BuToolsGenerator object to store
the service-time distribution. This object is initialised in
the method initServiceTime(), as follows: First, the new
object is instantiated. Upon instantiation, it reads the dis-
tribution from the given file. Second, a wrapper object for
the uniform random number stream with index 2 is created,
and, third, the wrapper object is registered with the Bu-
ToolsGenerator object.

During operation, calls to getServiceTime() must re-
turn service times from the service-time distribution. With
each call, getServiceTime() draws a PH-distributed ran-
dom variate from the PH distribution stored in phgen, by
calling the getVariate() method.

5.1 Evaluation

We will now illustrate the advantage of using phase-type
distributions in our case-study. We consider one client and
vary the restart interval from 0.025s to 60s. For each restart
interval, we observe response-times and compute the mean.
We are interested in whether there is an optimal restart
timeout, and in its value.

We use a job interarrival time of 10 s and base the service-
time distribution Fs on response-time measurements that
we have obtained in a test-bed with injected packet loss.
We compare the results obtained using four different models
for the service-times: First, we use the empirical distribu-
tion of the samples to generate random variates. In the
following, this model is called cPSquare Model. Second, for
the Ezponential Model we use an exponential distribution,
parameterised such that the mean is equal to the mean of
the data set. Third, we use a Lognormal distribution that
we fitted to the data set using the R statistical tool [8] such
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Figure 6: Empirical distribution functions of the em-
pirical and approximated service-time distributions
(truncated at 7s).

that it reflects the mean and the variance well. Finally, the
APH Model is an acyclic phase-type distribution of size 50
fitted using the PhFit tool [2].

The cPSquare model is implemented using the random()
method of OMNeT++’s cPSquare class. In the initialisa-
tion routine of the server module we create an object of this
class and import our data set into the object. The Exponen-
tial and Lognormal models use the respective functions of
OMNeT++s library of continuous distribution. The APH
model employs the libphprng library, as described above.

First, we consider how well the models fit the measure-
ment data. Using our simulation, we computed one million
samples from each model. Figure 5 shows the densities of
the empirical data and of the models. Note that the empir-
ical density has two clusters of data, one close to 1s, and
the other close to 4s. This peculiar shape is typical for
HTTP measurements with IP packet loss and can be ex-
plained from the interaction between HTTP and TCP, as
follows [5, 11]: The TCP retransmits packets after the RTO
timeout elapses. While in normal operation the TCP adjusts
the timeout based on observed round-trip times, during the
connection setup phase the RTO starts at 3s and is doubled
every time it elapses. Therefore, a retransmission of the lost
packet takes place only after 3s, and consequently the cor-
responding HTTP connection is delayed by at least 3s. The
first cluster thus corresponds to requests whose TCP con-
nections were not affected by packet loss, while the requests
in the second cluster have been delayed by one packet loss.
For an accurate simulation study, we aim to reproduce these
features of the empirical distribution.

Observe that only the APH model shows both spikes of
the density, while the other models do not fit the empirical
density well. In particular, the cPSquare model underesti-
mates service-times, while the Exponential and Lognormal
models do not represent the clusters at all. However, the
Lognormal model captures the variance of the distribution.
The differences become more evident in Figure 6, where we
show the cumulative distribution functions (CDFs) of the
data sets: The only model that reflects the steps in the em-
pirical distribution is the acyclic phase-type distribution.
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Figure 7 shows mean response-times observed for differ-
ent timeout intervals using these service-time models. Note
that there are large differences between the response-time
curves: For the cPSquare model, mean response-times grow
monotonously with increasing timeout. This implies that
the optimal timeout is at zero. Immediate restart, however,
is certainly not feasible, and thus results with the cPSquare
model imply that restart should not be applied. A similar
conclusion can be drawn from the Exponential model, where
restart does not change the mean response-time at all. With
the Lognormal model, we observe that very low restart in-
tervals increase the mean response time drastically, and that
the mean response time first drops and then grows slowly as
the timeout value increases. While results with this model
do not clearly indicate the existence and location of an op-
timum, they do show that the timeout should not be below
1s. Finally, with the APH model we clearly observe that
there is an optimum around 1.25s. This observation is cor-
roborated by the result of computing the optimal timeout
using the algorithm from [16].

Our observations highlight the need for accurate models.
In our case study we wanted to obtain insights into the ap-
plicability of restart in a scenario where service-times are
distributed as in our measurements. The cPSquare model
implies that restart should not be applied. Taking into ac-
count the bad fit between the empirical distribution and the
cPSquare model, we should not trust this result. The Ex-
ponential model implies that restart neither helps nor hurts.
However, this result has no bearing on the scenario at hand
at all: As shown in [18], the memoryless property of the ex-
ponential distribution means that restart has no effect on an
exponential distribution. Consequently, irrespective of the
parameterisation, any exponential distribution would have
yielded the same result. In contrast, the simulations with the
Lognormal model point towards the existence of an optimal
timeout. Since the applicability of restart strongly depends
on the variance of the distribution [18], and the Lognormal
model captures the variance well, we may trust this result
more than those from the first two models. Finally, the ex-
periments with the APH model, which captures the shapes
of the density and distribution well, show both the existence
of an optimal timeout and its location.
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| Method | Simulation speed | Portion of sim. time
libphprng 359,364 events/sec 93%
Arrival- 247,159 events/sec 95%
Process [4]

Table 1: Simulation performance with random PH-
distribution.

6. PERFORMANCE OF THE LIBPHPRNG
LIBRARY

In this section we demonstrate that the generation of ran-
dom variates can take a significant portion of the total sim-
ulation time. Since drawing PH distributed random variates
requires more effort than drawing basic random variates (like
exponential, normal, etc.), it is necessary to put emphasis
on the efficiency of these methods to reduce the simulation
time. As mentioned earlier, libphprng is able to exploit the
special structural properties of the input in order to achieve
better performance, but it will also be shown that our im-
plementation is efficient with arbitrary input (exhibiting no
supported structure) as well.

Our results will be compared to the ArrivalProcess ob-
ject proposed [4]. As MAPs are a superclass of PH ar-
rival processes, this comparison is not entirely fair, since
ArrivalProcess supports a much larger set of stochastic
processes. It will be obvious, however, that, if PH distri-
butions are sufficient, a much more efficient implementation
can be produced.

For comparison purposes we use the simple model de-
picted in Figure 8. It consists of a source that generates
messages with a deterministic inter-arrival time. The mes-
sages enter an infinite queue that serves them according to a
FIFO discipline. The service times are PH-distributed ran-
dom variables. After service, messages are transferred to the
sink, where they are destroyed. To make the queue busy the
deterministic inter-arrival time of the queue has been set to
obtain a utilization of 96%.

In the first experiment the input PH distribution has no
supported special structure (its matrix Q is dense). The
distribution in this experiment consists of 20 states. We
picked the entries of both the generator matrix and the ini-
tial vector randomly (ensuring that (o, Q) is a phase-type
distribution). The simulation ends after 30 sec of CPU time.
We consider both the simulation speed, as reported by OM-
NeT++, and the portion of CPU time that was spent in the
random-variate generator, according to callgrind from the
Valgrind package [6].



Method Simulation speed Portion of sim. time
Exponential| 5,473,758 events/sec 7.5%
Lognormal | 4,907,375 events/sec 12.5%
libphprng 1,598,788 events/sec 70%
Arrival- 397,440 events/sec 93%
Process [4]

Table 2: Simulation performance for models

from Section 5.

We summarise our results in Table 1. Note that both sim-
ulations spend a significant amount of time in the random-
variate generation routines. This result makes it obvious
that it is definitely worth to develop and use efficient random-
variate generation methods, since these methods can domi-
nate the execution time when there are lots of random events
in the model. Second, Table 1 shows that our library is al-
most 50% faster than the general ArrivalProcess module.

In our second experiment we compare the speed of random-
variate generation from the different models considered in Sec-
tion 5. We employ the Exponential, Lognormal, and APH
models. The APH model is simulated using both the Ar-
rivalProcess module and libphprng. In contrast to Ar-
rivalProcess, libphprng can make use of the fact that the
model is in APH form and thus has a special structure that
allows both optimisation and efficient random-variate gen-
eration [10].

The results of the second experiment are shown in Table 2.
First, observe that the two phase-type generators are much
slower than random-variate generation from an exponential
or lognormal distribution. Thus, better representation of the
phenomenon under study (cf. Section 5) is bought at the cost
of increased simulation time. This highlights the importance
of efficient methods for PH-random-variate generation. We
note that in this experiment our libphprng library is roughly
four times as fast as ArrivalProcess. This is due to the
fact that libphprng can make use of the special structures
available for APH distributions.

7. CONCLUSION

In this paper we have introduced the libphprng library for
random-variate generation from phase-type distributions. We
have illustrated the usefulness of accurate models in system
evaluation. Our case-study was complemented by a perfor-
mance evaluation of the costs of random-variate generation
in simulation models. We found that drawing random vari-
ates from PH distributions requires significantly more CPU
time than random-variate generation from more basic dis-
tributions, like the exponential and lognormal distribution.
However, methods that exploit special structures reduce the
computational overhead to a reasonable level.
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