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Abstract. In this paper, we present an approach for the specification
and the execution of complex scientific workflows in cloud-like environ-
ments. The approach strives to support scientists during the model-
ing, deployment and the monitoring of their workflows. This work takes
advantages from Petri nets and more pointedly the so called reference
nets formalism, which provide robust modeling/implementation tech-
niques. Meanwhile, we present the implementation of a new tool named
RenewGrass. It allows the modeling as well as the execution of image
processing workflows from the remote sensing domain. In terms of usabil-
ity, we provide an easy way to support unskilled researchers during the
specification of their workflows. Then, we use the Enhanced Vegetation
Index (EVI) workflow as a showcase of the implementation. At last, we
introduce our methodology to move the actual implementation to the
Cloud.

Keywords: RenewGrass · Cloud computing · Scientific workflows ·
Petri nets

1 Introduction

Several applications require the completion of multiple interdependent tasks; the
description of a complex activity involving such a set of tasks is known as a work-
flow. The Workflow Management Coalition (WfMC) defined a workflow as “the
automation of business process, in whole or part, during which documents, infor-
mation or tasks are passed from one participant to another for action, accord-
ing to a set of procedural rules” [6]. Traditional workflow management systems
(WfMS) were conceived for business domain. Later, they have been adopted
for scientific applications in various fields such as astronomy, bio-informatics,
meteorology, etc. Ludäscher et al. [9] define scientific workflows as: “networks
of analytical steps that may involve, e.g., database access and querying steps,
data analysis and mining steps, and many other steps including computationally
intensive jobs on high performance cluster computers”.
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Nevertheless, high-throughput and long running workflows are often com-
posed of tasks; which usually need to be mapped to distributed resources, in
order to access, manage and process large amount of data. These resources are
often limited in supply and fail to meet the increasing demands of scientific
applications. Cloud computing is an emerging computing technology for the
execution of resource intensive workflows by integrating large-scale, distributed
and heterogeneous computing and storage resources. Therefore, Cloud comput-
ing is of high interest to scientific workflows with high requirements on compute
or storage resources. Furthermore, workflow concepts are critical features for a
successful Cloud strategy. These concepts cover many steps of the deployment
process. For instance graphical workflow specification, data/task/user manage-
ment, workflow monitoring, etc. However, existing workflow architectures are
not directly adapted to Cloud computing and workflow management systems
are not integrated with the Cloud system [10]. Missing is more support at both
conceptual and technical level.

At the conceptual level, we provide powerful modeling techniques based on
Petri nets. We have implemented RenewGrass, which is a user friendly tool
support for building scientific workflows. Moreover, RenewGrass integrates the
features from the Geographic Resource Analysis Support System GIS for short
Grass. Its functionality is to support scientists to (i) specify their workflows
and to (ii) control their execution by providing appropriate modeling patterns
which addresses specific functions. These functions can be provided by services
hosted on-premise or in the Cloud. With reference to the workflow life-cycle, the
tool supports both modeling and execution steps. The application field concerns
the Geographical Information System (GIS) domain, especially the processing
of satellite-based images.

Furthermore, we discuss issues and migration patterns for moving applica-
tions and application data to the Cloud. Based on these patterns, we propose an
agent-based architecture to integrate the current implementation in Cloud-like
environments, i.e., the components making up the workflow management system
are mapped into services provided by specific agents. In general, agent concepts
are employed for improving Cloud service discovery, composition and Service
Level Agreement (SLA) management. The elaborated architecture is based on
the Mulan/Capa framework and following the Paose approach. The objective
is that agents perform the Cloud management functionalities such as brokering,
workflow submission and instance control. Technically, the OpenStack frame-
work was adopted for the creation and the management of the Cloud instances.

The remainder of this paper is organized as follows: Sect. 2 gives an overview
about the concepts, tools and techniques that are tackled in this paper as well as
related work. Section 3 introduces the RenewGrass tool and its architecture.
The EVI workflow of a Landsat/Thematic Mapper (TM) imagery is presented as
a showcase for the implementation. Section 4 introduces our approach for moving
the execution of the workflow tasks to the Cloud. Finally, in Sect. 5 we give a
summary as well as a plan for future work.
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2 Background

This section gives a brief overview about the concepts, tools and technologies,
which are addressed in this paper. This includes the reference nets formalism
and the modeling/simulation tool Renew. The related work is also addressed.

2.1 Reference Nets

At the modeling level, we use a special kind of Petri nets called reference nets
[7]. Petri nets proved their efficiency to model complex/distributed systems. The
main advantage of reference nets lies in the use of Java inscriptions within the
transitions making the gap between specification and implementation decrease
considerably. Reference nets are object-oriented high-level Petri nets and are
based on the nets-within-nets formalism introduced by [12], which allows tokens
to be nets again. They extend Petri nets with dynamic net instances, net ref-
erences, and dynamic transition synchronization through synchronous channels.
Reference nets consist of places, transitions and arcs. The input and output arcs
have a similar behavior to ordinary Petri nets. Tokens can be available of any
type in the Java programming language. In opposite to the net elements of P/T
nets, reference nets provide supplementary elements that increase the model-
ing power. These elements are: virtual places, declaration and arc types. The
places are typed and the transitions can hold expressions, actions, guards, etc.
Firing a transition can also create a new instance of a subnet. The creation of
the instances is similar to object instances in object-oriented programming. This
allows a specific, hierarchical nesting of networks, which is helpful for building
complex systems.

2.2 Renew

The REference NEts Workshop (Renew)1 is a graphical tool for creating,
editing and simulating reference nets. It combines the nets-within-nets paradigm
with the implementing power of Java. With Renew it is possible to draw and
simulate both Petri nets and reference nets. During the simulation, a net instance
is created and can be viewed in a separate window as its active transitions fire.
Simulation is used in Renew to view firing sequences of active transitions in
reference nets. Simulation can run in a one step modus where users can progress
in steps where only one transition fires. Renew also offers the possibility to
set breakpoints to hold the simulation process. Breakpoints can be set to places
and transitions. By changing the compiler, Renew can also simulate P/T nets,
timed petri nets, Workflow nets, etc.

2.3 Related Work

Before the emergence of the Cloud technology, there were significant research
projects dealing with the development of distributed and scientific workflow sys-
tems with the grid paradigm. Workflow enactment service can be built on top of
1 http://www.renew.de/.

http://www.renew.de/
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the low level grid middleware (eg. Globus Toolkit2, UNICORE3 and Alchemi4),
through which the workflow management system invokes services provided by
grid resources [13]. At both the build-time and run-time phases, the state of
the resources and applications can be retrieved from grid information services.
There are many grid workflow management systems in use; like these representa-
tive projects: ASKALON5, Pegasus6, Taverna7, Kepler8, Triana9 and Swift [14].
Most of these projects, have been investigating the adaptation of their architec-
tures to include the Cloud technology. For instance, the Elastic Compute Cloud
(EC2) module has been implemented to make Kepler supports Amazon Cloud
services. Launched in 2012, the Amazon Simple Workflow (SWF)10 is an orches-
tration service for building scalable applications. It maintains the execution state
of the workflow in terms of consistency and reliability. It permits structuring the
various processing steps in an application running on one or more systems as a
set of tasks. These systems can be Cloud-based, on-premise, or both.

3 RenewGrass: A Tool for Building Geoprocessing
Workflows

In this section, we introduce a new tool called RenewGrass. The objective
is to extend Renew by providing geoprocessing capabilities. Since the version
1.7, Renew is built on a highly sophisticated plug-in architecture. It allows
the extension and the integration of additional functionality through the use of
interfaces from Renew components without changing the core architecture.

Up until now, Renew still serves as a modeling/simulation tool for differ-
ent teaching projects. Unfortunately, the application domain concerns mostly
business workflows. Through the integration of RenewGrass in Renew, we
aim to:

– extend Renew to be adapted for scientific workflow modeling and execution
– provide unexperienced users with modeling patterns that focus on image

processing
– exploit and integrate the power of the Grass GIS, thus several image processing

workflows can be implemented
– reduce the gap between the specification of the workflow and its

implementation
– integrate Cloud services for mapping time-consuming and data-intensive

workflows
2 http://www.globus.org/toolkit/.
3 http://www.unicore.eu/.
4 http://www.cloudbus.org/∼alchemi/.
5 http://www.askalon.org/.
6 http://www.pegasus.org/.
7 http://www.taverna.org.uk/.
8 https://kepler-project.org/.
9 http://www.trianacode.org/.

10 aws.amazon.com/swf.

http://www.globus.org/toolkit/
http://www.unicore.eu/
http://www.cloudbus.org/~alchemi/
http://www.askalon.org/
http://www.pegasus.org/
http://www.taverna.org.uk/
https://kepler-project.org/
http://www.trianacode.org/
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3.1 Integration of RenewGrass in Renew

In this section, we present RenewGrass, which was successfully integrated in
Renew. The main functionality of RenewGrass is to provide support dur-
ing modeling and execution of image processing workflows. Figure 1 shows the
simplified view of the position of the new tool in Renew. The Workflow and
the WFNet are additional plug-ins, which are required in case worflow man-
agement functionalities are required such as log-in, tasks management, etc. As
mentioned in Fig. 1, RenewGrass is built on top of the JGrasstools11, which
was adapted for Renew. The latter makes the Petri net models support the
invocation of Grass core commands directly from the Petri net transitions (see
Fig. 2). The current implementation of the tool allows local use only. This signi-
fies that Renew, Grass GIS and data are hosted locally.

Fig. 1. The Position of RenewGrass in Renew

3.2 Use Case

As proof of concept, RenewGrass was used to implement the Enhanced Veg-
etation Index (EVI) for a satellite image taken from the LANDSAT-TM7. The
EVI is a numerical indicator that uses the Red, the Near-infrared and the Blue
bands. It is an optimized index designed to enhance the vegetation signal with
improved sensitivity in high biomass regions.

2.5 * (nirchan - redchan) / (nirchan + 6.0 * redchan - 7.5 *
bluechan + 1.0)

Figure 2, shows the Peri net model corresponding to the EVI workflow. For
the clarity of the paper, we omitted several steps from the original workflow.
With the same procedure other vegetation indexes or image processing workflows
can be implemented.

11 http://moovida.github.io/jgrasstools/.

http://moovida.github.io/jgrasstools/
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Fig. 2. The EVI workflow modeled and calculated using RenewGrass

4 Cloud-RenewGrass: A Cloud Migration Approach

RenewGrass has been successfully tested in a local environment. All the
required components were hosted on-premise (Renew, Grass GIS and the data).
Nevertheless, as soon as the number of tasks increases and the size of data become
large, we start facing computing and storage issues. This is due to insufficient
resources on the local site. This section presents our vision to deploy the current
implementation of the RenewGrass tool onto the Cloud services. First, differ-
ent possibilities to Cloud-enable an application in general are shortly illustrated.
These possibilities are formulated in form of patterns. The illustration is based
on the work of [1,5]. They investigate and strive to answer questions like: where
to enact the processes? Where to execute the activities? and Where to store the
data? Thus the entities taken in account are: (1) the process engine (respon-
sible for the execution and the monitoring of the activities) (2) the activities
that need to be executed by the workflow and (3) the Data. Next, we propose
an architecture to introduce a new pattern and an appropriate methodology to
enable remote execution in the Cloud.

4.1 Migration Patterns

Moving an existing application to the Cloud should be based on a solid strategy.
Providing the business management system (or WfMS) or a part in the Cloud
raises a series of concerns about ensuring the security of the data and the per-
formance of the system. For example, Cloud users could lose control on their
own data in case of a fully Cloud-based solution. Some activities, which are not
compute-intensive can be executed on-premise rather than moving them to the
Cloud. Unfortunately, this transfer can be time and cost-consuming because of
the pay-per-use model and the nature of the workflow tasks.

In the following, the patterns from [1,5] are shortly introduced. The first pat-
tern designs the traditional scenario where all the components of the workflow
system are hosted at the user-side (on-premise). The second scenario represents
a case when users already have a workflow engine but the application contains
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compute or data-intensive activities, so they are moved to the Cloud for acquir-
ing more capabilities and better performance. The third case designs a situation,
where the end-users do not have a workflow engine, so they use a Cloud-based
workflow engine, which is provided on-demand. In that case, workflow design-
ers can specify transfer requirements of activity execution and data storage, for
example, sensitive data and non-compute-intensive activities can be hosted on-
premise, and compute-intensive activities and non-sensitive data can be moved
to the Cloud [5]. The last scenario presents a situation where all components are
hosted in a Cloud and accessed probably from a Web interface. The advantage
is that users do not need to install and configure any software on the user side.
To make an analogy with the elements of our approach, Renew is the process
engine, the activities are the geoprocessing tasks (performed by the Grass ser-
vices), which are related to the satellite images (data). The latter (data and
Grass GIS) can be either on-premise or hosted in the Cloud. Based on these
elements and the illustration presented above, Fig. 3 presents an overview of the
diverse approaches (patterns) to design our workflow system based on the Cloud
technology.

Fig. 3. Patterns for cloud-based workflow systems (Adapted from [5])

We have noticed that both [1,5] do not address all possible situations. For
instance, the following situation has been not addressed: the process engine is
available on the user side but due to circumstances (internal failure, not sufficient
compute or storage resources), remote process engines need to be integrated and
remotely invoked. Figure 4 shows approximately how this scenario looks like. Our
solution consists on transferring the data and executing the process by another
process engine. This is discussed in the following sections.
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Fig. 4. A pattern designing multiple process engines integration

4.2 Architecture

Figure 5 shows the architecture to integrate the current implementation into
a Cloud system. While RenewGrass is already implemented and successfully
integrated in Renew (see Sect. 3), most efforts are dedicated now to move the
execution of the geoprocessing tasks to the Cloud and the provision of an inter-
face to invoke these services directly from workflow models.

In our work, we follow an agent-based approach, i.e., many components func-
tionalities are performed by special agents. In summary, the role of each agent
used in the approach is described below.

1. Workflow Holder Agent : The Workflow holder is the entity that specifies
the workflow and in consequence holds the generated Petri net models. This
entity can be either human or a software component. The specification of the
image processing workflow is performed using RenewGrass, which provides
a modeling palette or downright predefined modeling blocks.

2. Cloud Portal Agent : provides the Workflow Holder Agent a Web portal as a
primary interface to the whole system. It contains two components: Cloud
Manager and Workflow Submission Interface. The latter provides a Web
interface to the workflow holders to upload all necessary files to execute the
workflow. This includes the workflow specification (Renew formats12), input
files (images). It also serves getting notifications from the Cloud Broker Agent
about the status of the workflow or the availability of the Cloud provider. The
role of the Cloud Manager is to control the Cloud instances (start and stop
or suspend).

3. Cloud Broker Agent : It is a critical component of the architecture, since it is
responsible of (i) the evaluation and selection of the Cloud providers that fits
the workflow’s requirements (e.g., data volume and computing intensities) and
(ii) mapping the workflow tasks. Both activities require information about the
Cloud provider, which are available and provided by the Cloud Repository
Agent.

4. Cloud Repository Agent : The Cloud repository register the information about
the Cloud providers and the state of their services. These information are
saved in a database and are constantly updated, since they are required by
the Cloud Broker Agent. To avoid failure scenarios (repository down, loss
of data), we use distributed databases, which allows high availability and
fault-tolerant persistence.

12 Renew supports various file formats saving (XML, .rnw, .sns, etc.).
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5. Cloud Provider Agent : The role of this agent is to control the instances and
to manage the execution of the tasks. Regularly, the Cloud providers need to
update their status and send it to the Cloud Repository Agent. The status
concerns both the instance and the services (Grass services).

Fig. 5. The architecture of the cloud-based workflow system

Concerning the Cloud Broker Agent, the evaluation and the selection of the
Cloud providers are critical processes for the Workflow Holders. In Cloud com-
puting there are various factors impacting the Cloud provider evaluation and
selection [4,8] such as: computational capacity, IT security and privacy, relia-
bility and trustworthiness, customization degree and flexibility/scalability, man-
ageability/usability and customer service, geolocations of Cloud infrastructures.
For this, in our work, brokering factors are limited to the computational capacity
and the customization degree.

4.3 Cloud Configuration

Concerning the customization degree, there are some requirements for a suc-
cessful deployment onto the Cloud. In general, a common procedure to deploy
applications onto Cloud services consists of these two main steps:

1. Set up the Environment : this mainly consists of the provision of Cloud
instances13 and the configuration the required softwares properly. Essential
are the environment variables, which differ from the local implementation
such as JAVA configuration for the Web server.

2. Deploy the Application: it consists of the customization of the Cloud instance
with the appropriate softwares. For our work, Renew and the Grass GIS
should be correctly and properly configured, especially the database and the
installation path.

13 The Cloud instances should be in priori customized, i.e., they need to have the Grass
GIS as back-end, the WPS server and Renew. We assume that the Cloud storage
is a service, which is configured by the Cloud provider itself.
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Furthermore, the Grass commands can be invoked in different ways. Either
through a wrapper like in the original implementation of RenewGrass or pro-
vided as Web services. For the latter, we follow a Web-based approach with
respect to the Open Geospatial Consortium (OGC) Web Processing Service
(WPS) interface specification. Thus the Grass GIS functionalities are provided
as Web services instead of desktop application. To achieve this, we chose the
52North14 as a WPS server as well as the wps-grass-bridge15.

4.4 Execution Scenario

Considering the proposed architecture and the agent roles described above, a
typical deployment scenario is broken into the following steps:

1. Workflow holders specify their image processing workflows (data and control-
flow) using Petri nets for example the NDVI workflow (see Sect. 3).

2. They send a request to the Cloud Broker via the Cloud Portal.
3. The Cloud Broker checks for available Cloud providers, which provide geo-

processing tools (Grass GIS). This information is retrieved from the Cloud
Repository.

4. The Cloud Broker sends a list to the Workflow Holder (through the Cloud
Portal) to accept or to reject the offer.

5. If the offer is accepted, the Workflow Holder submits the workflow specifica-
tion (.rnw + .sns) to the selected Cloud Provider.

6. Launch a customized Cloud instance with Renew and Grass GIS running in
the background.

7. After simulation/execution of the workflow, results (in our prototype it con-
sists of calculating the NDVI value) are transmitted to the Workflow Holder
through the Cloud Portal.

Rejecting an offer does not conclude the execution process immediately. Since the
list transmitted by the Cloud Broker is updated constantly, it might be that new
Cloud providers are available and fits the requirements. Therefore, from step (3),
the process is iterative until the satisfaction of the Workflow Holder. Regarding
step (5) and (6), Renew supports starting a simulation from the command line.
This is possible by using the command startsimulation (net system) (primary
net) [-i]. The parameters to this command have the following meaning:

– Net system: The .sns file.
– Primary net : The name of the net, of which a net instance shall be opened

when the simulation starts.
– -i: If you set this optional flag, then the simulation is initialized only, that is,

the primary net instance is opened, but the simulation is not started auto-
matically.

14 http://52north.org/.
15 https://code.google.com/p/wps-grass-bridge/.

http://52north.org/
https://code.google.com/p/wps-grass-bridge/
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In a future paper, we will give a first evaluation of the presented work as well as
the progress of the implementation of the components presented in this section.
Furthermore, we have implemented other image processing workflows such as
the Normalized Differences Vegetation Index (NDVI).

5 Conclusions and Future Work

In this paper we first presented the implementation of a geoprocessing tool named
RenewGrass for Renew. This tool extends Renew to be able to support
another kind of workflows (scientific workflows) apart the business workflows.
The application domain of RenewGrass is the remote sensing, especially image
processing. Therefore, we afford scientists with a palette of processing function-
alities based on the Grass GIS. Furthermore, we discussed the extension of the
current work by the integration of the Cloud technology. For this purpose, we
introduced migration patterns and introduced our architecture for the deploy-
ment of workflows onto Cloud providers.

The future work takes two directions. First, we will improve RenewGrass
by providing more functionality especially for not-experienced users. Accord-
ing to our first experience with the implemented tool, we detected that several
geoprocessing workflows involve repetitive tasks, which need to be automated.
This repetitive tasks can be grouped in modeling blocks and then used when
necessary. To enable this, we are exploiting the well-known Net Components
introduced by [2], which can provide pre-defined modeling structures. Thus the
modeling of image processing workflows will be more straightforward.

The next step is to investigate the integration possibilities of the Renew-
Grass within an agent-based approach. This consists of using the Mulan/Capa
framework [3,11]. This framework allows building agent-based applications fol-
lowing the Paose approach. The idea is that the components described in Sect. 4
will be integrated in an agent-based application, which is currently being devel-
oped in the context of a teaching project. The first functionality that we are
investigating is Cloud brokering, which consists on selecting the best Cloud
provider to perform the workflow tasks.
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