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Motivation & Current issues

B Conceptual Schema Mapping and the Translation based on the Mappings is an important means
for achieving (geospatial) data interoperability;

B Schema Mappings are hard to create and to maintain, and it is difficult to document them;

= Even relatively simple mappings become multi-thousand line XSLT scripts
or very complex pipes-and-filters arrangements

B Re-usability of mappings and of data transformed on their base is limited;

¥ |t is generally assumed that Schema Translation cannot be done in real time/on demand,
while at the same time more and more live data needs to be integrated

B Goals: === o= =

®  Adoption of an executable, declarative and
compact language for conceptual schema
mapping to complex geospatial data
integration/harmonisation scenarios

®  Development and implementation of an
algorithm for the efficient execution of such
declarative mappings in the aforementioned
geospatial data integration scenarios
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Approach |: Ontology Mapping Language

W First goal: find a suitable language for expressing conceptual schema mappings

¥ The Ontology Mapping Language was developed in the course of several Semantic
Web projects, originally not with geospatial schema translation in its scope.

®  More Information:
http://www.omwg.org/TR/d7/

¥ |t provides the following capabilities:

" Expressiveness: Even complex conceptual mappings and attributive transformations can
be expressed, some mismatches are thus avoided

®  Loose coupling: Mappings are not bound to a specific Schema Language (UML, OWL,
GML Application Schemas...) and can thus be used with different schema formalisms

®  Usage in semantic web technologies possible to validate semantic correctness of created
mapping (and thus of translated data sets)
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Ontology Mapping Language: Example

<align:Alignment .. >

<align:ontol>
<align:0Ontology><align:location>http://www.esdi-humboldt.org/waterVA</align:location></align:0Ontology>
</align:ontol>
<align:onto2>
<align:0Ontology>
<align:location>urn:x-inspire:specification:gmlas:HydroPhysicalWaters:3.0</align:location>
</align:0ntology>
</align:onto2>
<align:map>
<align:Cell>
<omwg:entityl>
<omwg:Class rdf:about="http://www.esdi-humboldt.org/waterVA/Watercourses_VA">

<omwg:transf
rdf:resource="eu.esdihumboldt.cst.transformer.service.rename.RetypeFeatureFunction"></omwg:transf>

<omwg:attributeValueCondition>
<omwg:Restriction>

<goml:cqlStr>LEVEL == 1 OR LEVEL 2 OR LEVEL == 3 OR LEVEL == 4 OR LEVEL == 5

</goml:cqlStr>
</omwg:Restriction>
</omwg:attributeValueCondition>
</omwg:Class>
</omwg:entityl>
<omwg:entity2>
<omwg:Class rdf:about="urn:x-inspire:specification:gmlas:HydroPhysicalWaters:3.0/Watercourse"/>
</omwg:entity2>
<align:relation>Equivalence</align:relation>
</align:Cell>
</align:map>
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Approach Il: CST Algorithm

B Second Goal: Develop an algorithm for the efficient execution of declarative mappings

B Use information in the OML mapping to create an optimized “translation plan”

OML mapping is ,unsorted®; it doesn‘t contain any information on the order in which the
transformation steps have to be executed.

Determine ,Cell Cardinality” with respect to affected Features and Feature Types:

= Example 1: A Cell that will result in a single source Feature being split into multiple target Features
(e.g. going from a MultiPoint to a Point-type object) gets a one-to-many Instance Cardinality.

= Example 2: A Cell that contains declares a join between features of different Feature Types (e.g. taking
the geomentry form a different Feature Type than the other attributive values) is classified as a many -
to-one FeatureType Cardinality

Determine which Features of which source FeatureType will later be required for which
transformation step;

Based on the identified cardinalities, ensure that relevant transformations are bundled, so that
source features only have to be retrieved when really required
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Execution Algorithm Overview

act Main Steps of the CST/

Classify Cells,
identify Filters/
Augmentations

deliver
for each Retrieve/Filter Create Target target @
target required Source Features features /\ mo
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Feature
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Implementation

¥ |Implementation within the scope of the
HUMBOLDT project

B Java 1.6, OSGI, Geotools as basis

B Also available as a Web Processing Service (WPS)
1.0.0 with a very simple web client

¥ Currently supports about 15 different transformation functions (such as Attribute
Renaming, Constant Value Assignment, Splitting/Aggregation/Concatenation,
Mathematical Expressions, Buffering, Centroid Calculation, Classification Mapping,
Date Extraction, Ordinates to Point Geometry...)

¥ |s easy to extend with additional functions, especially in an OSGI context
¥ Expects three inputs:

® Source data (GML 2.1 or 3.1)

® Target Schema (GML Application Schema 2.1, 3.1 or 3.2)

®  OML Mapping file
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Evaluation |

B Evaluation Scenario:

Encoding of matching tables into OML documents with 9 to 31 Cells

= Inclusion of different mapping scenarios, such as feature retyping, attribute
renaming, reclassification of attribute values, unit and type conversions,
geometric operations, feature splits, ...

Usage of 2MB to 921MB GML files of hydrography data (line and polygon features)

st HUMBOLDT Alignment Editor 2.0.0.M2

File Configure Help
[NaE=1")

=10 %]

T | [ Default [ Data

[D; Schema Explore ﬁi

Sy
(P Map Yiewer 52

Source 2 A 12 |,¥|E|€

Target |’E||'z||'z| |||§|&|’&

Itype filker kext

|type filker kext

|8 ARC_UBALIN: <int>
-[=] BEMERKUMNG: <string»
/=] FGW_ID: <string>
=] FEW_ID_LOM: <string:
(B8] FID_Maske_: <int>
(8] FID_Waterc: <int>
{8 FLU_S0T_:<int>
8] FLU_S0T_ID: <int >
/8] FNODE_: <int>
-/ 8] 1d: <int=
/8] LAENGE_ARC: <double
8] LAENGE_ROU: <double =
/8] LENGTH: <double>
-8 LEVEL: <int=
-[8] LPOLY_:<int>
=] NAME: <string >
=] OEKS0_MAME: <string
8] ORDMUNGZ: <int>
-[8] ORDSTRAHLE: <int >
(8] RPOLY _:<int>

1

=l

1

""" |¢%| bark: <ReferenceType>

[]---@ beginLifespanversion: <7 extends dateTin
""" boundedBy: <BoundingShapeType >
[#+=] condition: <7 extends CodeType>

[]---@ delineationknown: <7 extends boolean =
""" drainsBasin: <ReferenceType:

/8] endLifespanyersion: <7 extends dateTime
geographicalame: <7 =

""" '§| gearmetry: <GeometricPrimitivePraperty Ty
]--- hydrold: <7

f]-[a] inspireld: <IdentifierPropertyType:

Il
[+

@ length: <7 extends LengthType

= level: <7 extends YerticalPositionValueTyp
]--- levelOfDetail: <7 extends AbstractMetads
]--- localType: <LocalisedCharacterString_Pro
neighbour: <ReferenceType=
arigin: <7 extends OriginvalueType =
persistence: <7 extends CodeType =
----- relatedHydra0bject: <ReferenceTypes
I:I--- streamOrder: <7
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Evaluation Il

B Performance:

®  Reading/writing GML takes a huge
portion of the overall time (around
95% in case of a simple
retyping/renaming/reclassification

mapping)

®  Depends highly on the complexity
of the individual attributive
transformations

* When only retyping, renaming
and reclassification functions
are used, the transformation
service itself can achieve
throughputs of more than
10.000 Features/s.

= Using geometric operations
such as buffer or topology
reconstruction will make
throughput go very low (50 to
500 Feature/s).

®  Mapping can be analysed based on
these experience to decide about
on-the-fly transformation.

Os

1s 2s 3s 4s 5s 6s 7s 8s 9s 10s
Reading GML 3.1 T Writing GML 3.2
Source Result
i Writing
Readgg GML 3.1 GML 3.2
ource Result
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Conclusion and further research

B OML has been evaluated to be of sufficient expressivity and conciseness to be a useful
conceptual schema mapping language that can be executed efficiently

¥ An algorithm was defined and implemented to efficiently perform complex schema
translations based on OML documents

¥ For simple schema translation operations, performance of approaches that directly
work on XML inputs is better, since GML 1/O is currently taking a lot of time

¥ Open points:
® Improve I/O of GML or use other encodings
® |mprove handling of large data sets

® Improve handling of merges based on spatial properties and of joins between
Features of different Feature Types cases
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The HUMBOLDT CST implementation is Open Source

¥ To get more information on the CST Service implementation, please visit

http://community.esdi-humboldt.eu

HUMBOLDT Community Project - Mozil
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Google ,

| ;r HUMBOLDT Review Meeting —HUMBOL... | |j HUMBOLDT Community Project
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and requirements

% ' HUMBOLDT

are welcome! Rt

1 Using Software

:i: Developing Software

About the Project

HUMBOLDT develops software that can be used for
warious tasks of geodats harmonisation. Some of
this software is already available in preview

wersions:

1. The HUMBOLDT GeoModel Editor, which you
can use to develop rich Conceptual Models for
your geodata,

2. The HUMBOLDT Alignment Editor, an
application that helps vou map and transfarm
complex database and application schemas
[download] [documentation]

w

. The Workflow Design and Construction
Service, a web service that delivers executable
geoprocessing workflows for data harmonisation
[download] [documentation]

4. The Conceptual Schema Translation
Service, a Web Processing Service for
transforming data from one application schema
to another

5. The Edge Matching Service, a WPS that deals

with inconsistencies in geometry

[documentation]

There are also additional components being
developed, and you are invited to check the
complete projects list to find out more about all
of these!

Being an Open Source Project under the LGPL 3.0
License, we always welcome people who would
like to contribute to the development of HUMBOLDT
software. This is what you can do:

[ wiew Developer Documentation

[ report issues and request features

[ Suggest new Components

[ Check out the source code and build components

=l Submit patches

If you have any guestions, there is a mailing list
available {dev@esdi-humboldt.eu) to which you can
post after joining. You can also see and search
the archive of this mailing list.

In our research project, we are investigating tools
and methods for geodata harmonisation in the
context of the GMES and INSPIRE initiatives, To
learn more about the HUMBOLDT project, you can
visit the Project homepage. There, you can also
find additional docurnentation about aur
understanding of the harmonisation process and
about show cases for HUMBOLDT software,

Training on Data Harmonisation

You are invited to visit our project's training
platfarm, which offers free on-line training courses
on topics like Wweb Service, GMES, Geospatial Data
harmonisation and others:

Training Platform

Latest Updates

News
Owerall Project Activity

@ 200&-2009 Hurnboldt Consortiumm
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Thanks a lot for your attention!
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