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Abstract

Distributed systems are more important in systems design
than ever. Partitioning systems into independent, distributed
components has many advantages but also brings about
design challenges. The OTP framework addresses such chal-
lenges by providing process templates that separate appli-
cation-dependent from application-specific logic. This way
the OTP framework hosts a variety of modeling techniques,
e.g., finite state machines.

Petri nets are a modeling technique especially suited for
distributed systems. We introduce gen_pnet, a behavior for
designing Erlang processes as Petri nets. We give a short
introduction to Petri net semantics and demonstrate how
Erlang applications can be modeled as Petri nets. Further-
more, we discuss two Erlang applications modeled and im-
plemented as Petri nets. For both applications we introduce
a Petri net model and discuss design challenges.
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1 Introduction

More and more software applications operate in a distributed
setting. The fledging fields of service orientation [8] and mi-
croservices [3] opened up a new class of systems and come
with their own design challenges. Partitioning a software
application into independent services allows for a stricter

Permission to make digital or hard copies of all or part of this work for
personal or classroom use is granted without fee provided that copies
are not made or distributed for profit or commercial advantage and that
copies bear this notice and the full citation on the first page. Copyrights
for components of this work owned by others than the author(s) must
be honored. Abstracting with credit is permitted. To copy otherwise, or
republish, to post on servers or to redistribute to lists, requires prior specific
permission and/or a fee. Request permissions from permissions@acm.org.
Erlang ’18, September 29, 2018, St. Louis, MO, USA

© 2018 Copyright held by the owner/author(s). Publication rights licensed
to ACM.

ACM ISBN 978-1-4503-5824-8/18/09...$15.00
https://doi.org/10.1145/3239332.3242767

61

Wolfgang Reisig
Humboldt-Universitat zu Berlin
Germany
reisig@informatik.hu-berlin.de

modularization than is possible in closely coupled applica-
tions. This modularization unlocks a computational speedup
through parallelization and the opportunity to use different
software stacks provided they share an interface to commu-
nicate.

The Open Telecom Platform (OTP) [13] is a collection of
libraries for Erlang. An OTP behavior is a design conven-
tion, frequently applied in Erlang libraries. It combines (i) a
collection of functions acting as an application-independent
scaffold for a process, controlling its life cycle and communi-
cation interface, and (ii) a collection of callback specifications
which outline the application-specific parts of that process.
Important examples are the gen_server or the supervisor
behaviors.

Distributed systems introduce a new class of design chal-
lenges. A distributed application needs to cope with partial
failure and protocols need to maintain invariants as well as
liveness or termination properties which are seldom self-ev-
ident except in simplistic scenarios. In addition, distributed
systems are rarely deterministic which adds a layer of com-
plexity promoting transient failures which are hard to re-
produce. Distribution complicates logging and debugging
since no single component can hold a consistent view on
the whole application. These challenges force us to design
the components and protocols of a distributed system with
extra care. The OTP framework offers several behaviors like
gen_f'sm to support the design of processes.

Petri nets are a modeling technique for distributed systems
introduced in 1980 [5]. They have been applied to model bio-
logical systems [6], algorithms, or communication protocols.
Petri nets are especially suited for modeling distributed soft-
ware systems because they explicitly specify dependent and
independent structures, which are central to the understand-
ing of distribution. A Petri net makes progress in discrete
transitional steps. Because Petri nets allow steps to occur
independently transitional steps are, generally, unordered.
Also, a transitional step assumes no knowledge about the
system other than what directly enables it.

The independence of transitional steps in a Petri net mir-
rors the independence of events in distributed systems in
which, generally, the order of events can be neither observed
nor enforced. And the restriction of a transitional step to af-
fect only a closed and predefined set of adjacent components
mirrors the fragmentation of distributed systems in which,
generally, the state of the system as a whole can be neither
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observed nor enforced. Consequently, Petri nets are an ideal
modeling framework for distributed systems.

We introduce gen_pnet!, an OTP behavior to model Er-
lang processes as Petri nets. gen_pnet allows specifying
high-level interface nets. High-level means that transitions
perform arbitrary operations on arbitrary data, i.e., Erlang
data structures, as opposed to just black tokens. This is im-
portant since we need to model concrete software and not
just an abstract, simplified version of it. Interface nets can
interact with their environment. This is important because
Petri net instances need to communicate with the outside
world by sending and receiving messages and reacting to
process failures. A gen_pnet instance appears to the outside
as an ordinary Erlang process while its internal behavior is
defined as a Petri net. This is similar to the way a gen_fsm
appears to the outside as an ordinary Erlang process while
its internal behavior is defined as a finite state machine.

We demonstrate the applicability of the gen_pnet behav-
ior to two selected problems: a worker pool manager and
a distributed programming language. With these use cases
we show how Petri net instances communicate with other
Erlang processes, how they handle partial system failure by
translating messages and events to tokens in the net, and
how they are composed to form large systems. We show that
it is possible to exhaustively model complex applications in a
concise, understandable way. Herein, we use the functional
programming facilities, versatile data representations, and
the pattern matching facilities of Erlang extensively.

The remainder of the paper is organized as follows: In
Section 2 we provide an informal introduction to Petri nets.
Section 3 describes the gen_pnet behavior and examplifies
the implementation of a simple Petri net. In Section 4 we
cover two applications based on gen_pnet. Section 5 dis-
cusses related work and Section 6 concludes the paper.

2 DPetri Nets

In this section we give a self-contained but informal introduc-
tion to Petri nets. See Reisig 2013 [12] for a more thorough
introduction to Petri nets. Petri nets describe distributed ap-
plications by distinguishing passive and active components.
Passive components store an unordered collection of possi-
bly identical values. A passive component is called a place
and is represented by a circle. The values a place holds are
written inside it. A value on the place of a Petri net is called a
token and the entirety of all tokens in a Petri net is called the
Petri net’s marking. Below is a place with the name Down
holding a monitor reference value.

#Ref<04.2.1>

Down
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Active components are called transitions. Transitions and
places are connected in a directed graph. Places with arcs go-
ing into a transition, are called the transition’s preset. Places
with incoming arcs from a transition are called the transi-
tion’s postset. Transitions process data by consuming a token
from each place in its preset and producing tokens on each
place in its postset in an atomic step. Below is a transition
with two places in its preset and one place in its postset. The
net is unmarked.

Down down_busy

Busy Idle

By convention, we write place names upper-camel-case while
transition names are written lower-snake-case. Each arc is
annotated with a pattern. Only tokens that match the pattern
annotation enable the transition. In addition, transitions can
be annotated with guards specifying under which conditions
the transition can fire.

When a transition fires, it consumes one token from each
of its preset places. The tokens produced by the transition
are a function of the input tokens. The binding of the pattern
variables in the arc annotations is called the transition’s
mode. The pattern variable bindings must be consistent over
all arcs in the preset of the transition in question.

Petri nets often represent open systems, i.e., systems that
interact with their environment. We represent the system’s
interface to the environment with a dotted line. Places that
are on the dotted line are considered interface places. An
interface place with only outgoing arcs is considered an
input place and tokens may spontaneously appear on that
place. Conversely, an interface place with only incoming arcs
is considered an output place and tokens may spontaneously
disappear from that place. Here, we consider transitions on
an interface or arcs crossing an interface are considered as
malformed. Below, is an interface net with one input place
Request and one output place Reply.

The Petri nets we discuss here, carrying arbitrary data, al-
lowing arbitrary computation in transitions and interacting
with their environment via an interface are called high-level
interface nets. This kind of net is especially suited for model-
ing software because it is concrete, i.e., capable of specifying
data and computation, and open, i.e., part of an environment
instead of a closed system.
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Figure 1. Petri net model of a cookie vending machine

3 Erlang Processes as Petri Nets

The gen_pnet OTP behavior allows to define high-level in-
terface nets in Erlang. It extends the gen_server behavior
to allow seamless integration into Erlang applications: A
gen_pnet instance is a process which can send and receive
messages, can be called, cast on, monitored, linked to, super-
vised, or handle hot code reloading.

We define Petri nets by creating a callback module that
implements the gen_pnet behavior providing the following
callback functions.

place_lst/0 returns the names of the places in the net.

trsn_lst/@ returns the names of the transitions in the
net.

init_marking/2 returns the initial marking for a given
place.

preset/1 returns the preset places of a given transition.

is_enabled/2 determines whether a given transition is
enabled in a given mode.

fire/3 returns which tokens are produced on what places
if a given transition is fired in a given mode that en-
ables this transition.

trigger/3 allows to add a side effect to the generation
of a token.

In addition, the gen_pnet behavior defines some more call-
back functions like code_change/3 or handle_info/2 which
hand up the functionality of the gen_server behavior it ex-
tends.

3.1 Example: Cookie Vending Machine

We exemplify the implementation of a Petri net with gen_-
pnet by implementing the cookie vending machine depicted
in Figure 1. For the sake of simplicity this cookie vending
machine model provides neither a way to refill the storage
nor to empty the cash box since both places are inaccessible
via the interface.

Next, we define each callback function in turn. The place_-
1st/0 function lets us define the names of all places in the
net. Here, we define the net to have the five places in the
cookie vending machine.
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place_lst() ->
['CoinSlot', 'CashBox',
"Compartment'].

'Signal', 'Storage',
The trsn_1st/@ function lets us define the names of all
transitions in the net. Here, we define the net to have the
two transitions a and b.

trsn_lst() -> [a, b].

The preset/1 function lets us define the preset places of
a given transition. As its argument it takes the transition’s
name. Here, we define the preset of the transition a to be
just the place CoinSlot while the transition b has the places
Signal and Storage in its preset.

preset( a ) -> ['CoinSlot'];

preset( b ) -> ['Signal', 'Storage'].

The init_marking/2 function lets us define the initial mark-
ing for a given place in the form of a token list. As arguments
it takes a place name and a user info field. Here, we initialize
the storage place with three cookie_box tokens. All other
places are left empty.

init_marking( 'Storage', _UsrInfo ) ->
[cookie_box, cookie_box, cookie_box];

init_marking( _Place, _UsrInfo ) ->
[1.

The is_enabled/3 function is a predicate determining if a
given transition is enabled in a given mode. As arguments it
takes a transition name, a firing mode in the form of a hash
map mapping place names to token lists, and a user info
field. Here, we state that the transition a is enabled if it can
consume a single coin from the CoinSlot place. Similarly,
the transition b is enabled if it can consume a sig token from
the Signal place and a cookie_box token from the Storage
place. No other configuration can enable a transition. E.g.,
managing to get a button token on the CoinSlot place will
not enable any transition.

is_enabled( a, #{ 'CoinSlot' := [coin] },
_Usrinfo ) ->
true;
is_enabled( b, #{ 'Signal'’ = [sig],
'Storage' := [cookie_box] },
_Usrinfo ) ->

true;

is_enabled( _Trsn, _Mode, _UsrInfo ) ->
false.

The fire/3 function defines what tokens are produced when
a transition fires in a given mode. Like is_enabled/3 it takes
as arguments a transition name, a firing mode, and a user
info field. The fire/3 function is called only on modes for
which is_enabled/2 returns true. The fire/3 function is
expected to return either a {produce, ProduceMap} tuple
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Figure 2. Petri net model of the gruff worker pool manager initialized with three workers

or the atom abort. If abort is returned, the firing is canceled,
i.e., nothing is produced or consumed. Here, the firing of the
transition a produces a coin token on the CashBox place
and a sig token on the Signal place. Similarly, the firing
of the transition b produces a cookie_box token on the
Compartment place. We do not need to match in the function
head the tokens to be consumed because the firing mode
already uniquely identifies these tokens.

fire( a, _Mode, _UsrInfo ) ->
{produce, #{ 'CashBox' => [coin],
'Signal' => [sig]l }3};

fire( b, _Mode, _UsrInfo ) ->
{produce, #{ 'Compartment' => [cookie_box] }}.

The trigger/3 function determines what happens when a
token is produced on a given place. As arguments it takes a
place name, the token about to be produced, and a user info
field. The trigger/3 function is expected to return either
pass in which case the token is produced normally, or drop
in which case the token is forgotten. Here, we simply let any
token pass.

trigger( _Place, _Token, _UsrInfo ) -> pass.

4 Applications

In the following we discuss two applications of the gen_pnet
behavior to demonstrate its applicability.
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4.1 Gruff: A Worker Pool Manager

Gruff’ is an adaptation of the worker pool manager pool-
boy demonstrating the applicability of gen_pnet. We chose
poolboy because it is one of the most popular applications
in the Erlang community, thus, providing a representative
use case.

Poolboy manages access to a set of worker processes. A
worker process typically performs computation. In this case,
limiting access to worker processes reflects the scarcity of
computational resources in a system. Another use case is
the management of database connections which are costly
to initialize. In this case poolboy restricts access to a limited
number of database connections which are reused over time.
Thus, poolboy is a generalization of a mutual exclusion algo-
rithm [10] protecting access to a set of resources via a single
gatekeeper.

Gruff implements this functionality in terms of a Petri net
(see Figure 2). Gruff is not an exhaustive reimplementation
of poolboy although its interface to the outside is identical.

A gruff instance receives check-out requests on the place
Checkout in the form of a pair denoting the client process c
and a transaction reference r that is a unique identifier of the
session generated by the client. Gruff replies to check-out
requests by generating a token consisting of the client c, the
session reference r and the associated worker process id p
on the Reply place.

When the worker pool manager receives a check-out re-
quest it creates a monitor so that a failing client can be

Zhttps://github.com/joergen7/gruff
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Figure 3. Sequence diagram of a distributed programming
language. The system comprises a client ¢, a master m and
two workers w; and w,. The expression e is evaluated until
a value v results.
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Figure 4. Composition of client, master, and worker nets
with respective interface places

detected. Then, it attempts to allocate a worker process
which succeeds if at least one idle worker is available. Next,
a token appears on the Reply place notifying the client and
the worker pool manager marks the allocated worker busy.
When done, a client checks in the allocated worker. In this
event, a token appears on the Checkin place and the worker
pool manager marks the allocated worker idle again, which
makes it available for other check-out requests.

In addition, a client can cancel a check-out request. Fur-
thermore, if a client fails, all associated workers are marked
idle. In contrast, if a worker fails, a new worker is spawned.

4.2 Cuneiform: A Distributed Language

Cuneiform [1, 2] is a distributed functional programming
language which focuses on the integration of external tools
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and libraries. Cuneiform has been the original motivation to
develop gen_pnet, which makes it a natural candidate for
demonstrating its applicability. Cuneiform’s distributed exe-
cution engine, the common execution environment (CRE)?,
is modeled and implemented as a Petri net using gen_pnet.

The CRE receives an expression e which is evaluated and
generates a set of independent function applications. For
each application a; the result r; is computed by one of the
workers w;. Since the applications are independent they can
be scheduled to distributed worker nodes. Upon learning
about a computation result the interpreter makes progress,
further evaluating the expression until a value results. The
value is returned to the user and interpretation terminates.
Figure 3 shows a sequence diagram illustrating the message
exchanged to evaluate an expression consisting of four inde-
pendent applications using two distributed workers. Figure 4
sketches how client ¢, master m and workers w; are com-
posed as a Petri net.

The CRE master m is a combination of a cache and a sched-
uler (see Figure 5). The left part of net represents the demand
circuit which is used to limit the rate at which clients can
send applications to the CRE master. The middle part rep-
resents the cache which consists of a guard allowing only
fresh applications to pass to the scheduler. All other appli-
cations are served through the lookup transition as soon as
the result becomes available. The right part represents the
scheduler circuit. Process ids of idle workers appear on the
WorkerPool place. When an application is scheduled an ap-
plication-worker process id pair is moved to the BusyWorker
place. On receiving an application-result pair from a worker
the worker process id is returned to the WorkerPool place.

The CRE master must deal with the dynamic addition and
failure of worker nodes. Should a worker fail while it is still
processing an application, it reschedules the application and
removes the worker from the BusyWorker place. Workers
can sign on to the CRE master at any time generating a token
on the AddWorker place.

5 Related Work

CPNTools [9] is an open source tool suite based on colored
Petri nets for editing, simulating, and analysing Petri nets.
It offers structure-based analysis tools and has a focus on
usability and graphical interfaces. It allows Petri nets to oper-
ate on arbitrary data and to perform computations, specified
in Standard ML. CPNTools can generate Erlang code [7]. The
generated code is used as an application scaffold which is
manually modified [4].

Haskell-corored Petri nets are a mapping of Colored Petri
nets to Haskell by creating embeddings [11]. This is similar
to the approach of gen_pnet. gen_pnet can be seen as a
generic embedding that is configured with a Petri net struc-
ture.

3https://github.com/joergen7/cre
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Figure 5. Petri net model of CRE master

gen_pn’ is a different Erlang library allowing to define
Petri nets in Erlang in an OTP-like way. The main difference
is that gen_pn focuses on the definition of elementary Petri
nets instead of high-level nets. The idea of modeling and im-
plementing software using Petri nets is not new. What sets
gen_pnet apart is the tapping of high-level Petri nets in Er-
lang while playing well with the way distributed applications
are composed in the OTP framework.

6 Conclusion

We have introduced gen_pnet, a behavior for defining Er-
lang processes as Petri nets. The behavior lets users specify
a Petri net structure and an initial marking via callback func-
tions. Basing the behavior on a gen_server allows to com-
pose gen_pnet with other Petri net instances or Erlang pro-
cesses to generate versatile distributed applications. We have
demonstrated the applicability of Petri nets by implement-
ing a worker pool manager and a distributed programming
language.
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