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Abstract

The design and execution of scientific workflowsais important and necessary function within marscigiines. In the geospatial
community, workflows are used to generate and tuabsure new spatial datasets based on sequehpescessing steps or complex
modelling. Using BPMN for representing these wani$ allows stakeholders to discuss the scientificceptual approach behind this
modelling whilst also being able to execute itsaelieg in XML. Previous research has focused orelbging frameworks, including a
BPMN workflow engine, capable of orchestrating O®Zb Processing Services and thus enabling constnuctf interoperable

workflows comprised of distributed resources. Thaseld populate, for example, the GEOSS repositdowever, to date, such work has
focused on executing workflows with direct accesshie pre-defined data inputs and outputs, withck bf flexibility and efficiency in
semantic interoperability or data management dudogposition and execution. This article suggestaeta-approach based on two
possible configurations that enable workflow or¢tegon at a meta level using a direct couplinghweitmetadata catalogue. The designs of
a Web Processing Service profile and of a BPMNilerafre presented as potential approaches to ab#tieadata interchange between the
processing steps of a workflow. The paper conclugiéis a discussion of how these approaches mayxtended and how complete
workflows might be registered and managed usinglegties services.
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1 Introduction

Use of interoperable standards enables seamlessghad
data and processing between different systemsowioly a
flow of tasks, chaining of services in an automatey or at
least though a manual step by step execution ismemm
practice for data producers or researchers usiBtadesktop
environment. In geospatial processing, workflowsy niee
composed of many different tasks (for the processieps)
requiring selection and configuration of parametassdata
inputs. For example, a processing workflow for nilidg the
land and hydrographic characteristics of a regiéghinuse a
sequence of analysis steps based on digital etevatamples
of rainfall, vegetation and soil data, see FigurdHe use of a
workflow representation to chain web services oésth
models together helps manage this process andaalsoin
documentation and reuse of a processing sequence.
However, despite the benefits in the adoption efamdard
such as Business Process Modelling Notation (BPMbith
a workflow engine consuming
significant effort is required in the customisatiointhe engine

a workflow's completion. Moreover, if a workflow is
executed many times with the same data sources, thi
becomes inefficient.

This paper proposes two solutions in order to migenthis
redundancy, facilitate architecture implementatiafieviate
computation cost, increase the use and generatioretmdata
for composition support, and to aid data discovdtye two
solutions are defined as profiles of the BPMN and SVP
standards with both approaches operating as cauplirthe
workflow service (editor and engine) and a localtadata
catalogue. For both solutions the workflow is insi@ted
using metadata links in order to resolve the syittaand
semantic binding at late as possible in the orcatsh
(BPMN profile) or in the execution itself (WPS pilafg).

2 Background

Execution of workflows and chaining of processiagkss is

the BPMN2.0 XML, undertaken in many areas of geospatial science.pl&im

chaining of tasks is available in systems such &lSQ

for application with Open Geospatial Consortium (QGCprocessing modeller and ArcGIS ModelBuilder. Thesable

services [8]. Furthermore, on-going effort is reqdiin order
to document the datasets produced, while interisulte
generated part way through a sequence may beolisiving

Lwww.bpmn.org

creation of geoprocessing workflows based on aafibrof
operators provided by each system. The OGC Web Esinge
Service (WPS) offers a method for exposing proogstisks
according to a standardised interface. Several hafse
processing tasks may be chained to form a complete
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workflow. Chaining of Web Processing Services may ba number of constraints such as the types of ind

achieved by various methods.
identifies three ways to chain services [11]: 1use a BPEL
engine to define and execute the workflow (sucf6ds]); 2)
wrap a sequence of WPS calls within another WP&h(s1s
[2,4]); 3) encode a chain of services within theaxe query
to form a cascading request.

A recent alternative to these approaches is toBEddN to

The WPS standardf itseonsequently the way these input types are harvilbéh the

process which are then common to all processesfity this
profile. BPMN - which allows full specification othe
workflow - permits creation of a profile which majso be
imposed at the implementation level.

define and execute the workflow [8]. BPMN enable3  Conceptual architecture

definition of workflows as XML data which helps dooent
the precise sequence of tasks, data inputs andtstitpat are

In this section we describe two possible approactoes

generated. This capture of the workflow enablessagfl |\5nling workflow construction using metadata otsiedn

execution of common processing tasks and
redistribution of template patterns for rapid reasewell as
documenting the provenance within a metadata record

Figure 1: Example geo-processing workflow for méidgl
land and hydrographic characteristics of a regign [
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The generation and management of metadata regaddiag
and processes are recognised as important tasgasilitating
effective spatial information management. Cataloggrwices
provide a mechanism for achieving this allowingarithg and
search of data which may be distributed acrosserdifit
locations [9]. For example, the satellite imagesainfall and
soil samples, etc. referred to in Figure 1 maydwgstered in
such a repository. Similarly, the processes andetsagsed in
Figure 1 might be registered, e.g. slope analysigldvhave a
formal definition of the algorithm employed and theit of

simpl

foth cases, we propose to use the standards: BRMBG
CSW and OGC WPS. Even though our proposals are
independent of the implementations of these stalsdare
adopt the JBPM workflow environment, GeoNetwork csw
and 52North WPSfor developing our concept. Currently,
GeoNetwork implements the OGC-CSW 2.0.2 ISO Profile
which enables cataloguing of metadata on datasets a
services according to 1SO19115 and 1SO19119 stdsda8].
The 52North WPS implements version 1 of the OGCdgteth
[11]. The JBPM environment implements version 2 lof t
BPMN standard [16].

The OGC Web Processing Service definition specifies
data maybe exchanged between clients and servetsoin
ways: either by reference or by value. In this waeferences
are adopted to enable data exchange between comnipone

3.1 Web Processing Service profile architecture

In this configuration the workflow is executed ugira
customised WPS profile, instantiable using only adata
record entries points in a CSW. The WPS specifioatietails
profiles as a mechanism for defining functionatipmmon to
a set of processing tasks [11,15]. The managenighealata
inputs and outputs to the metadata catalogue lig fiaindled
by each of the processing tasks following theioiration.
Figure 2 presents a UML sequence diagram of th&esys
design using the WPS profile (the Full Meta Obj&#¢PS
profile or FMO profiled WPS). We signify this prifias a
WPS Wrapper which also provides a mechanism tcerany
existing developed WPS processes (an FMO profierdion
of a given WPS). This allows one to show the specif
handling at the ‘profile level'. At the start ofetworkflow an

measure. The OGC Catalogue Service for the Web (CSWxecute request containing the metadata linkspstaritiated
specification defines a standard for implementifgese by the user in the workflow editor, is made to age
services [12]. Methods to aid production of metadate customised work item (task) for a WPS call. The WR&n
being developed which automate the generation @ ISexecutes a GetMetadata function which returns éhevant
standardized elements [5,17]. Meanwhile, a numbé&r onetadata record and then proceeds to extract wjaiisi from

workflow suites (workflow editor and workflow engih are
available including some that are open source, agctBPM.
However, the support for composition by discoverithg
elements of a workflow and registering their ouspus
limited. To our knowledge there is no solution gregted
within a workflow environment for managing metadata
The OGC WPS standard specifies application profibes
the purpose of defining a domain of application awod
facilitate semantic interoperability. A profile maharacterise

2 http:/Aww.jbpm.org/

this object to construct a new WPS ExecuteProoegsest.
Once this request is executed on the processingrsehe
URL reference of the result is returned back to EMO
profiled WPS which is then registered as a new dmta
record in the catalogue (RegisterResult) and the datda
URL is passed back to the workflow engine. The wowkf
engine then proceeds to the next processing tagieighain.
Here, besides higher level service interoperabditgured by

3 http://geonetwork-opensource.org/
4 http://52north.org
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OGC services, the syntactic resolution is made @tlyhe
execution level within the WPS.

3.2

In this configuration, the handling and registrataf the input
and output data is fully performed by the workfl@ngine.
The engine is acting as client to the WPS requaststhus
must get and receive the metadata, defined inrn$@nce of
the workflow, and using links contained within timeetadata
construct requests appropriately. The methods tssedmply
to the Full Meta Obiject profiling are now operatifigm the
customised work item of the engine.

Figure 3 presents a UML sequence diagram of the BPM
profile design. At the start of the workflow exeiout the
client makes a request to the catalogue for theda¢h record
for the input data set. Using the returned metadatard, the
client proceeds to construct the execute requesthi first
task in the workflow using the reference links. Exton of
this request by the processing service results iURL
reference, pointing to the output data. This reisutegistered
within the catalogue by the workflow engine. Thgiee then
proceeds to the next task in the sequence.

BPMN Customised Work Item architecture

3.3

Note that for either solution, a customised woekritmust be
implemented in the workflow engine (specificatichaowork
item). However, for the WPS profiling solution this
corresponds to constructing a simple http requgsinat the
WPS, whereas for the BPMN profiling the specificatialso
must handle the interaction with the metadata cgta. Both
solutions described here offer several major b&ened the
design, execution and documentation of geoprocgssin
workflows:

1) Workflows are generated which have greater
interoperability with other workflow editors as data
types more complex than strings are used. Semantic
and syntactical interoperability is better managed
through direct specification of the required infation
via the metadata links. This can be also usefulrwhe
undertaking uncertainty and sensitivity analyses as
access to the metadata about data quality is estjuir
Improved efficiency through minimisation of data
transfer and execution times as data travels onteo
from its repository to the WPS.

Workflow composition support (testing the adequacy
of data and processes during instantiation) and
workflow metadata assessment will be facilitatesirfr
dealing directly with metadata entries within aghin
entity (the BPMN file). Therefore, the software

Evaluation

N

2)

3)

Figure 2: UML sequence diagram of WPS profile whmkf

Workflow Metadata WPS WPS 1 WPS WPS 1
Engine Catalogue Wrapper1 [ | Wrapper 2 ||
| I | I I I
| ! | | | |
[—ExecuteRequest()—h | | |
: :Q—GetMetadata()—l : : :
: :— — —Metadata- — : : : :
| | Construct | | |
| | Request() | | |
| | | | |
| | | | |
| | | | | |
: : :—ExecuteRequest()-}: : :
| | < -ResultReference— — | |
| I‘_RegisterResult()_l | | |
| | | | | |
| | | | | |
[ ——ResultReference———— | | |
: : ExecuteRequest() : HI :
1

| | | | | |
| 1% + GetMetadata() t t |
I e Metadata— — L - !
| | | | | |
| | | | Construct |
| | | | Request() |
| | | | | |
| | | | | |
| | | | | ExecuteRequest({) |
| | | | |

| | | I | & -ResultReference- -1
: :‘ : RegisterResult() : : :
5 3 + ResultReference . { |
1 1 I I



AGILE 2016 — Helsinki, June 14-17, 2016

support, which can be implemented either within the 6) The BPMN profiling solution offers a tight coupling

BPMN editor or as a plug-in or a posteriori, willMea with the metadata catalogue leaving the WPS
direct access to all the required information frtm unchanged or even free of format if the metadata
metadata catalogue(s). catalogue is also coupled with a data broker.

4) The licences for some data will be handled better 7) The WPS profiling solution has the advantage &fss |
through the additional recording of the provenance. complex BPMN implementation with blind metadata

orchestration (for data and processes) with a gmpl
Advantages and disadvantages of each of the prdpose WPS execution request. There is a looser coupling o
solutions: the BPMN editor to the metadata catalogue.
5) Both profiling methods start with instantiating the
workflow using metadata entry points for data and
processes. The WPS profiling solution relies less 4 Dicussion
the BPMN editor and the work item customisation.

Only a simple WPS ExecuteProcess is built aftefpe 4im of orchestrating geospatial workflows usimetadata
Instantiation W'th'r.' the c_ustomlsed \{v_ork |te_m (s objects is to facilitate easier and more effecthanagement
the workflow engine) without specific retr_leval fm ...of a large scientific model represented by its vilok. The
the metadata catalogue or the WPS beside an |n|t|ﬁ,[/o profiling methods proposed in this paper apphotais
DescribeProcess request during instantiation (_)f e sk in two ways: a WPS profile and a BPMN profBeth
workflow. On the other hand, the BPMN profiling o jing requirements are the same but operatetifierent

Figure 3: UML sequence diagram of BPMN profile wdokf

1 '
I Registerresult() >
| |

I;Getmetadata()—}:

| |
,<— — —Metadata- — —

1
|
|
|
|
|
|
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Request() | |
| |
| |
| | |
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solution needs a more involved customisation of theomponents of a workflow architecture using WPSkew
work items: deeper management of the metadata amding an architecture focusing on WPS profilingpaatic
registration of the results in the CSW have to bevrapping of existing WPS can be performed usingoagss
operated from each customised work item. broker [3]. This can be thought of as a way to eajphbilities
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to a platform implementing workflow authoring usitihgse
principles.

Besides facilitating workflow composition, as conwvey
within one entity all metadata information, the | fuheta
objects (FMO) profiling principle (at BPMN or WPSvid)
enables simple sharing of scientific models. Iraégn of
additional services allowing critical analysis bktscientific
model being developed is also facilitated concdfgtwand in
their implementations, e.g. easier visualisatiothef data, its
ontological properties and its quality together.h&mced
descriptions attached to the metadata for the psesealso
become readily accessible. For example uncertanglysis
and sensitivity analysis can be plugged-in to trerkilow
environment without much added effort. Classicaloerr
propagation might be achieved using a data samptietihhod
added and called from the FMO profile before executOr
this can be achieved easily from bypassing eadh wéth a

sampling WPS. The meta-propagation method for error gagides the basic principles of the full

analysis [7] can be also executed from the workflosing
quality information directly extracted from the mdata, and
can be triggered in either FMO profiling approaches

This work proposes the coupling of a workflow atebiure
with an OGC CSW-ISO metadata catalogue in order
increase the interoperability and the flexibilitgeded when
dealing with workflows. Such a catalogue is desigteecarry
two sorts of artefacts: datasets and services. Mewe
although a completed workflow can be registerec &¥PS
(i.e. as a service) with its metadata (i.e. the BPMML
document), such an approach is not suitable fastexing the
complex organization of the workflow itself. An elbative
standard to OGC CSW-ISO which does offer more fléigybi

is the OASIS ebXML (electronic Business XML) and

particularly ebRIM (electronic business Registry mnfation
Model) [10]. This model has been integrated asdilprof

generated). A request to retrieve those datasetisl ¢ogger
processes which would use the source data andrtdwegs
defined in BPMN to produce the data on the fly.

5 Conclusions

This paper presented two alternative approaches to
constructing and orchestrating workflows using rdata
objects: Full Meta Objects profiling. Both solutiprBPMN
profiing and WPS profiing are based on workflow
instantiation from metadata entries in a cataloiguelata and
processes. This full meta objects principle makése t
workflow BPMN encoded in XML a complete reference to
the provenance and the knowledge that generated the
scientific model. The main difference between theo t
solutions is the desired level of coupling in thehitecture.

meta object
architecture, we discussed usage and the addeHilitgxhat

can make a workflow environment central to seambtists

and model prototyping and sharing. This includesuai
exchange of model diagrams, critical analysis viglity
tstessment, enhanced architecture via a brokeratgns and

the potential of complex enrichment of the metadatations

via an ebRIM catalogue model which would contribtdea
composition controller added capability.

It is believed that such solutions optimising the
interoperability settings can be central to esshiitig research
platform environments based on workflows, as muchthe
enhancement possibilities for the workflow managenas on
the simpler software architecture developmentfitd&ke are
currently preparing the two prototyped solutions farther
testing.

the OGC CSW standard and is identified as CSW-ebRIM

[14]. This provides an alternative to the CSW-IS®fite
which supports a rich set of artefacts and thdatghd define
custom object types, properties and associatiorishwil not
possible with the CSW-ISO profile.

The significance of this in relation to cataloguingrkflows
is that it offers the flexibility to define the wdtow first as a
class object and to associate it with source dtiaredirectly
or by source data type or class, and a target etati@sult). A

CSW-ebRIM compliant catalogue will allow the BPMN (2]

definition itself to be captured and version mamkgde also
allows its function, inputs and outputs to be dfas$ (as
these are available in the workflow document) ahdnt
searched for. If a similar classification is apglie data, it is
possible to infer which processes could be appt®dhe
datasets stored in the catalogue or whether a gi\aset
could be produced based on the available sourcesttan
available processes. Therefore, this is as relevhming
composition of the workflow as well as for discaner the
output datasets of the workflow resulting from leiriggered
on the fly when retrieving the associated BPMN.

As an example, if a CSW-ebRIM compliant catalogue was

configured to hold metadata about datasets as waell
processes that could act upon them, then it woalgdssible
for that catalogue to offer not only source databeit also all

datasets that could be derived from the source (by

automatically inferring the possible datasets tbamld be
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