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Abstract. This paper shows how Erlang programming language can be used for
creating a framework for distributing and coordinating the execution of many task
computing problems. The goals of the proposed solution are (1) to disperse the
computation into many tasks, (2) to support multiple well-known computation
models (such as master-worker, map-reduce, pipeline), (3) to exploit the advan-
tages of Erlang for developing an efficient and scalable framework and (4) to
build a system that can scale from small to large number of tasks with minimum
effort. We present the effects of work on designing, implementing and testing
ComputErl framework. The preliminary experiments with benchmarks as well
as real scientific applications show the primising scalability on the computing
cluster.
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1 Introduction

In modern times, when the magnitude of data that needs to be processed on the daily ba-
sis is often far too large to consider it to be suitable for a single workstation, the impor-
tance of taking advantage of machines that form a cluster or computing grid is getting
higher. In most cases grid systems are aimed at performing the coarse grained compu-
tations that last for a relatively long time. The typical usage is to employ a big number
of loosely coupled workstations to perform a highly specified, number-crunching and
computational intensive job.

Erlang as a functional programming language, focusing on concurrency, distribution
and robustness [1], has taken a measure of a tool that allows programmers to build a
highly scalable systems. However, although Erlang has never had a strong position in
the computational world, it has been used several times as a highly-scalable middleware
layer responsible for coordination and message transport3 4 as well as a tool acting as a
key-value storage [2].

One of main goals for this work was to prove that Erlang is capable of handling a
massive-scale computation coordination. We specifically focus on fine-grained compu-
tational tasks in so-called many task computing model [3] which is gaining importance

3 http://www.heroku.com
4 http://www.facebook.com/notes.php?id=9445547199
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in many petascale applications [4]. A task is a small part of computing job, operating
independently on its own data chunk, executed in parallel with its siblings. In the system
we focus on, the number of tasks within a single job is very high (thousands/millions),
however the processing time of each one is short (up to few minutes).

In this paper, we present the ComputErl framework written in Erlang which allows
researchers to perform distributed jobs computing in heterogeneous environment in-
volving utilization of the common computation paradigms. In section 2 we describe
the main goals and requirements of the ComputErl framework. The analysis of existing
solutions for many-task computing problems is given in section 3. The main concepts
of our solution are presented in section 4, with details on supported multiple compu-
tational models in section 5. Section 6 gives the example applications and tests, while
section 7 concludes our discussions and outlines the related work.

2 Goals and requirements of ComputErl

The main goals of our work are to investigate whether Erlang can be used to build a
scalable, flexible and extensible system supporting many task computing model. These
goals can be summarized as follows:

Enlarging the scale
The system should be scalable to run on wide range of machine sizes: on a stan-
dalone desktop machine, on a local cluster, on top of computing grid systems (like
Grid50005 or PL-Grid 6 infrastructure) as well in cloud environment (like Amazon
EC27).

Support for different computation models
Most of the tools that are already available provide only a very limited support
for commonly used computation models, such as master-slave or map-reduce. Jobs
submitted to the grid systems have generally the same workflow/dataflow struc-
ture, thus the tool should support formalization of typical processing paradigms
and combining them hierarchically in a customizable and configurable way to fit
the application structure.

Transparency of execution
Another requirement for the tool is to facilitate the adaptation to the new envi-
ronment. Switching from several workstations to the large scale system is often
painful and requires learning new interfaces of the grid utility system, rewriting job
descriptors and sometimes even altering the whole architecture.
In order to reduce this effort, the created framework should hide all the difficulties
related to the system-specific part, allowing to simply acquire the access to the grid
resources and start the tool on them without changing the application descriptors.

Extensibility
Nevertheless, the aforementioned computational models might not be sufficient for

5 https://www.grid5000.fr
6 http://www.plgrid.pl
7 http://aws.amazon.com/ec2
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some family of problems, so the framework architecture ought to be flexible and ex-
tensible to support new models. The addition may be to support yet another model
for parallel computations (for instance sorting networks) as well as the meta exten-
sion used for expressing the workflow in the system (like loops or if-else blocks).
Preparing a new extension responsible for handling the desired paradigm should
be limited only to providing new code units: the core of the system should not be
modified.

Support for heterogeneous environment
As the system is intended to hide the underlying environment from the user, it
should also be able to run on top of different hardware configurations. Since Er-
lang executes its applications inside of its own virtual machine, the language itself
provides an abstraction layer for the framework. Moreover, taking advantage of
possibility of selecting and implementing new load balancing strategies leads to
better hardware utilization and general performance improvement.

Fault tolerance
Since the probability of a single node failure increases together with the size of
the cluster, the framework must be resistant to the breakdowns. Crash of one of
the machines must not interrupt the processing that is in progress on other worksta-
tions. Additionally, the lost fragments of jobs should be rescheduled to the different,
healthy nodes.
Apart from the hardware failures, system ought to also be able to handle the inter-
nal crashes. Since the number of Erlang processes is going to reach huge number,
the unpredicted behavior of one of them should not disturb the others. In order
to achieve the proper internal isolation, framework is built obeying standard OTP
design principles [5].

3 State of the art

Since grid research area is very active nowadays, there are several solutions that might
be used for many task computing family of problems.

Swift 8 is a system created at University of Chicago that supports specification,
execution and management of science and engineering workflows. The tool provides
its own specification language used to express and describe operations that should be
performed on the data [4]. Unfortunately, Swift uses Globus Toolkit [6] as a middleware,
thus it is a tedious job to configure and run it on the local, non-grid environment.

DIANE 9 is a tool for controlling and scheduling of computations on a set of dis-
tributed worker nodes [7]. The system is not limited to the grid infrastructure and may
be used with local resources. Moreover, DIANE makes use of Ganga – a front-end for
job definition and management, thus its adaptation to the new job submission system
should not cause any major problems [8].

The last presented solution - DiscoProject 10, is an implementation of the Map-
Reduce framework for distributed computing. Although the core of the system is writ-

8 http://www.ci.uchicago.edu/swift/index.php
9 http://it-proj-diane.web.cern.ch

10 http://discoproject.org



168

ten in Erlang, though the map and reduce functions provided by user are implemented
in Python. The project has a large and active community and is still under heavy devel-
opment.

From all approaches, DiscoProject is the most similar solution to the ComputErl
system.

4 Main concepts of ComputErl

The system follows the algorithmic skeleton approach as the parallel design pattern [9].
Skeleton itself describes “(...) the structure of a particular style of algorithm, in the way
in which higher order functions represent general computational frameworks in the
context of functional programming languages. The user must describe a solution to a
problem as an instance of appropriate skeleton”. According to the design, each skeleton
is implemented and considered independently from the other.

Fig. 1: Concept of the ComputErl: tasks belonging to multiple computation models are
distributed over the computing nodes.
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The concept of the system is shown in Fig. 1. The general idea is to provide a possi-
bility to transparently execute multiple jobs/tasks at the same time, distributing them on
the available resources. System, as the coordinator, will be responsible for handling the
load balancing and communication, assigning tasks to nodes and monitoring the pro-
cessing. The implication of that fact is that several different jobs might occupy the same
node and tasks belonging to the same job might be spread over the cluster and executed
in parallel on different machines. As one of the major requirements for framework is to
hide the infrastructure complexity, from user point of view there is no difference, be-
sides the performance, if the system is running on single machine or is using a network
of loosely coupled nodes.

Since ComputErl has been designed and implemented as a tool for users who do not
necessarily have to be Erlang programmers, the system can be perceived as a black-box
that should be fed with the job description files. Each computation order submitted to
the system must be described by two parameters: configuration file and the input data
location.

The first parameter - configuration - is an Erlang parseable file, i.e. file:consult/1 11

function should be able to read and interpret its contents. The configuration file should
consist of one root element specifying an entry point for the job: {computation type,
Type, Conf}. Type parameter is an atom defining the computational model used in the
given execution phase. The third element of the tuple, Conf, is a list of arguments that
will be provided as a configuration to the main process for the current step. The config-
uration parameters depend on the chosen computation model.

The programming language in which ComputErl has been written - Erlang - has
been chosen because of the many reasons. The main advantages are:

lightweight processes – since the system is intended to be massively parallel, delegat-
ing well defined roles to the separate process instances simplifies the design and
implementation. Developer does not need to bother about the operating system’s
resources (each process consumes 331 words of memory at its startup), nor about
creation time (circa 5-10 µs).

process isolation – together with the size of the system the probability of the failure
grows. In order to avoid data loss or corruption, Erlang follows the share-nothing
strategy. This means that no data (unless intentially exposed) is shared between
the processes. Crash in one of the processes does not cause the whole system’s
collapse and is limited only to the small subset of processes which were linked to
the erroneous one.

dynamic nature – in Erlang it is possible to inject new code without recompiling or
stopping the whole system. Providing new computation models does not require
changing the core of the system. To enable new functionality, developer ought to
implement a set of callback modules for the given Type which will take care of
processing the incoming data.

transparency of execution – since process identifiers encapsulate all the information
needed for communication, hence from the code point of view there is no difference
if the target process resides on the same node or is evaluating its code on the re-

11 http://www.erlang.org/doc/man/file.html#consult-1
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mote VM. In consequence developer might implement the logic of the application
without knowledge of process location.

well-defined system structure – as the scale of the system is far beyond the size of
regular desktop application, the processes relationship should be well-defined and
structuralized. Following OTP principles regarding the system’s architecture it is
possible to design and implement clear and easy to maintain product. All processes
running within ComputErl system are grouped under special supervisor instances
which, in turn, form a hierarchical arrangement called supervision tree.

5 Supported computation models

The ComputErl framework provides a possibility to express the application structure
using a dedicated job description language based on the standard Erlang’s syntax. Al-
though the system is able to follow whichever model user chooses, though - as a proof
of a concept - three major approaches have been implemented. These are:

– master-slave,
– map-reduce,
– pipeline.

5.1 Master-slave

The Master-slave computing model defines two types of execution units [10]:

– master processes, usually one for the whole computation, take care of coordinating
the slaves work: distributing the data among them and collecting the results.

– slave processes that belong to one master, execute the ordered command on the
given data chunk and produces the results that are sent back to the caller. Number
of slaves is configurable for each job.

When the computation begins, each worker process gets the data chunk assigned
from its master. As soon as the processing that data part ends, slave returns the result and
indicate the fact it is ready to handle the next task. Each master has also the dedicated
result saver process attached, which is responsible for collecting the results and saving
them to disk. When master’s pending chunk queue is empty and all the slave processes
finished their work, the whole process terminates and stops all the workers as well.

Because the amount of data chunks assigned to the single master might be very
large, in order to avoid the potential bottlenecks several improvements to this model
have been made.

To eliminate situation when one process is flooded by the results from hundreds
of workers, it is possible to define the maximum number of data chunks per master.
When the boundary is exceeded, coordinator process, instead of spawning the workers,
creates an additional layer of master processes, dividing the data equally among them.
New masters’ location is chosen by the scheduler process running on a master node.
The algorithm is repeated until the number of tasks assigned to the single master is less
than a given limit. A number of masters created on the new level is also parametrized.
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The second improvement is related to the workers’ against master location. For the
system has been designed to handle a great number of small tasks in the same time,
the overhead caused by the data marshaling before and unmarshaling when transferring
them using the network might level the profit of the parallel execution. To avoid that
situation workers are spawned on the same machine as masters.

This architectural decision implies a fact that the hardware parallelism is determined
by the number of sub-masters. The workers themselves are used to take advantage of
the CPU cores available within the assigned node.

5.2 Map-reduce

Map-reduce - computational paradigm originally designed by Google to support the
parallel large data sets processing [11]. Users provide two functions that are operating
on the inputs:

– map - takes an input chunk and emits a set of intermediate key/value pairs.
– reduce - accepts the intermediate key and a set of values connected to it. Reduce

function should merge its input data usually into zero or one output values.

The outputs of the reduce functions are treated as the outputs of the whole computation
process. In ComputErl there are three types of processes involved in the map-reduce
phase:

– coordinator - a finite state machine that distributes the data among the children
processes and is responsible for grouping the map outputs by the key.

– mappers - group of processes that execute the configured mapping function
– reducers - group of processes that execute the configured reducing function

Both number of mappers and reducers can be configured separately.
Since the communication between the job coordinator and mapper/reducer pro-

cesses is not very intensive (both input data and computation results are passed as a
single message), both mappers and reducers are spawned on the remote nodes in the
cluster.

5.3 Pipeline

Pipeline - a meta-pattern for connecting and scheduling the subsequent phases of more
complicated computations. When using that model user describes a flow of the data
within the system.

The flow is basically a list of subtasks that should be executed in the given order.
The processing starts from the first subtask, which is fed with the original input data.
Then, the result of each phase becomes an input for the next one. Outcomes of the last
step become a result of the whole pipeline flow.

In this model subtask might be computed using any of the available models: master-
slave, map-reduce, pipeline or the one provided by the user. When using that model,
only one coordinator process is created.
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6 Sample applications

In order to prove the correctness of the framework, it has been tested using four bench-
marks, representing typical applications.

6.1 Sleep benchmark

This benchmark has been used only to prove the tool is able to distribute the job parts
over the workers without dropping on the performance. Sleep task accepts as an input an
integer which is a number of seconds that worker process should sleep for. As a result
script yields a string containing hostname where it has been executed, time on that host
and the assigned sleep interval. The computation model chosen to accomplish the goal
was master-slave. The configuration describing such a job is presented below:

{computation_type, master_slave,
[{output_file, "/tmp/sleep_output.out"},
{script, "scripts/sleep.sh"}.
{slaves_no, 100}]}.

6.2 Mandelbrot set generation

The second benchmark ComputErl framework has been tested on is a job that renders
the Mandelbrot set.

The job for in this benchmark is for a given image size to produce a file consisting
of pairs: X,Y,R,G,B; where X , Y are the coordinates of each point on the picture,
while R, G and B are the color coefficients in the RGB color representation model. All
values are non-negative integers. Each task is defined as a computation of RGB value
for a given pixel. The executable file uses Python programming language to implement
the algorithm.

The job consists of two phases: input data generation – that is producing a list of all
possible (X,Y ) pairs and, in second step, computing the actual pixel color.

The chosen computation model for this job was pipeline that links two master-slave
subprocesses. First master takes an image size as a parameter and creates a file with
pixel coordinates (X , Y pairs) - one for each row. A reference to this file is passed to
the second’s phase master which distributes the data inside to the linked workers. Each
worker computes the color of the assigned point and returns it back to the coordinator.

Since the number of tasks grows up very fast (for MxN pixel image its number
reachesM ·N ) the single master would be overloaded with the slaves result submissions
and next chunk requests. Because of that there is a need to spawn at least one more
masters layer in the master-slave tree.

The configuration used for those tests:

{computation_type, pipeline,
[[{computation_type, master_slave,
{slaves_no, 1}]},

{output_file, "/tmp/coords.out"},
{script, "scripts/coords.py"}],
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[{computation_type, master_slave,
{result_delimiter, "\n\n"},

{max_tasks_per_master, 20},
{masters_per_level, 3},

{slaves_no, 8}]},

{output_file, "/tmp/mandelbrot.out"},
{script, "scripts/mandelbrot.py -2 -1 1 1"}

]
]}.

6.3 Distributed grep

Next benchmark has been introduced in order to check how good the map-reduce
paradigm implementation is. The purpose of the application is to extract and point out
the lines in the huge sets of text files that match a given pattern. However, if the pattern
we are looking for does not occur more than a specified number of times in the same
file, that particular file should not be listed in the results.

The job consists of two Python scripts implementing map and reduce functions.
The first script, grep.py iterates over a given file and for each line that matches the
pattern given in the regular expression format, emits a pair: (filename, line number).
The second one - reduce.py - accepts two parameters: the filename and a list of line
numbers in which the pattern has been found. If the length of the list is greater than a
given threshold, an output line in format filename:line number is produced.

As an input 3800 text files from Project Gutenberg 12 have been used. Total size of
the input reached 1.6 GB. In the sequential approach processing time for the whole set
came to 542 seconds.

The best results has been achieved when using the following configuration:

{computation_type, map_reduce,
[{mappers_no, 40},
{mapper_params,
[{script, "scripts/grep/grep.py"}]},

{reducers_no, 20},
{reducer_params,
[{script, "scripts/grep/reduce.py"}]},

{output_file, "/tmp/dist_grep"}]
}.

The preliminary results of the testing are presented in Fig. 2. The tests were run
on a cluster of machines, each node having 2 Xeon Quadcore 2.5 GHz processors with
16 GB of RAM and 10 Gb/s inter-node connection. The nodes use a shared Lustre
filesystem13.
12 http://www.gutenberg.org/
13 http://wiki.lustre.org/
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(a) speedup (b) parallel efficiecy

Fig. 2: distributed grep benchmark speedup and parallel efficiency plots

We expect that further performance improvements may be possible by introducing
a distributed filesystem which allows to exploit data locality [11]. In the current config-
uration all data access requires network transmission, which limits the performance of
data-intensive computing.

6.4 Bioinformatics application

The last benchmark approach was to test ComputErl framework on a real application
from bioinformatics domain. The application predicts the active sites of proteins based
on FOD model [12]. The scripts that are used during the tests has been provided by the
scientists who are using them on the daily basis. Apart from the implementation the job
also requires the data files containing protein structure.

The tests were executed using all possible scale-input data configuration, which
gave 162792 single script runs (7752 inputs, 21 different scales). Job has been divided
into 7752 tasks: a single task has been defined as a multiple profile generator for all the
available scales (21 subproblems) for the given input data (protein description). Every
script execution produced 21 generated profiles. Total size of output files exceeds 3.5
GB of disk space. Since the total size of the all output data produced was too big for a
single process to handle, the additional data savers were attached to each master process.

In order to accomplish the goal, the simple configuration for master-slave has been
used. Its listing shows that preparing ComputErl to execute new job is fast and easy.

The configuration used for this application:

{computation_type, master_slave,
[{script, "scripts/profiles.sh"},
{output_file, "/tmp/profiles.out"}

]
}.
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7 Conclusions and future work

All the tests have been successfully executed and they have demonstrated that the frame-
work does scale well on the large clusters of machines, and is capable of handling mas-
sive number of tasks at the same time.

Thanks to the OTP principles, managing a highly concurrent, dynamic and parallel
system turned out to be manageable: the supervision tree structure allowed building
a clear and simple process’ relationship graph, Erlang’s built-in lightweight process
support helped forget about the complexity of native operating system threads handling
and synchronizing and finally the dynamic nature of language created an easy way to
extend the existing solution via the user-provided callback modules. ComputErl turned
out to be a very flexible utility, which can be ran on top of potentially any of the modern
computing grid systems or local clusters.

Nevertheless, ComputErl is still in its early days and a lot of work must be done
before the tool would be regarded as a mature and competitive solution to the existing
ones. Planned future work includes:

– Implementing and testing more meta-patterns, such as if-else branches, for or while
loops. Having those structures may allow users to build more flexible and sophisti-
cated data flow graphs for their computations.

– Load balancing strategy optimizations. One of the most interesting directions to
go is to employ the existing tools to do the measurements (like Ganglia [13]) and
basing on them, choose the least loaded target machine to deploy a given task on.

– Fault tolerance improvements. Using some kind of the persistent storage it should
be possible to save (checkpoint) the intermediate data in between the phases of the
computations. The persistence layer ought to protect the computed data from get-
ting lost because of some unpredicted events, such as hardware failure. Framework,
right after a failure detection, would be responsible for restarting the lost parts of
the job on the other node, starting from the last snapshot that has been saved.

The ComputErl framework is available to the public as an open-source project at:
http://bitbucket.org/michalptaszek/gridagh
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