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Executive Summary

In the description of work of the LarKC project, this deliverable was indicated as
“Urban Computing environment specification” and was aimed at describing the design
of a Urban Computing application making use of the LarKC platform to perform its
functionalities. However, the work on the implementation of the LarKC platform (in
WP5) and also some activities related to the development of some plug-ins (in WP2-
WP3-WP4) proceeded in the direction of a first public release of the whole platform
within M14. For those reasons, in the Bled meeting WP6 proposed to the TMB to
turn this deliverable into the realization of a “mock-up” of the Urban Computing
application we had in mind, that we called “Urban Baby LarKC ”. The TMB accepted
the proposal and a joint WP5-WP6 task force was set up.

Moreover, with the help of the platform and plug-ins developers, we not only
developed a “mock-up” but we were able to achieve much more: some specific plug-ins
were designed and rapidly prototyped and some simple pipelines were instantiated and
executed over the available code of the LarKC platform. In this way, we not only took
an important step towards the actual realization of a fully-fledged Urban Computing
application, but, playing the role of “early adopters” of the technologies developed
within LarKC, we also had the chance to face with all the problems of an initial
experimentation with the platform and, as a consequence, to provide early feedback,
lessons learned and new requirements to the platform and plug-in developers.

This document reports on the activities performed towards the Urban Baby LarKC:
the data preparation; the development of some sample applications using those data;
the realization of some applications to be used as “term of comparison” for the Urban
Baby LarKC; the plug-ins we developed for our scenario; the pipelines we constructed
with those plug-ins; and the client application to launch the functionalities from a map
GUI. In the final part of the deliverable, we also provide a summary of the findings
of this early adoption activity: lessons learned, feature requests, new requirements for
the platform and the plug-in design and development.

Apart from reporting on what we already achieved within WP6, this document
aims at representing the initial step of the road-map towards a fully fledged Urban
Computing application developed with LarKC technologies and tools. In fact, in or-
der to realize a complete and meaningful scenario, the current LarKC platform is still
in progress, and therefore in a non stable status and subject to changes; however,
following an incremental approach and the so-called “evolutionary prototyping” de-
velopment, with the Urban Baby LarKC we wanted to demonstrate the feasibility of
our plans. By adding more functionalities and by complicating the scenario (and its
respective pipeline), we will be able also to demonstrate the advantages of the LarKC
approach with regards to existing technologies.

In the future deliverables of WP6 – namely D6.5 “Urban Computing environment
v1”, D6.8 “Urban Computing environment v2” and D6.10 “Urban Computing envi-
ronment v3” – we will present the advancements of our work towards the realization
of a series of Urban Computing demonstrators of increasing complexity that take ad-
vantage of the more and more mature implementation of the LarKC platform and the
richer support it will offer for the plug-ins development and the pipelines construction
and execution.
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Höchstleistungsrechenzentrum,
Universitaet Stuttgart
Stuttgart, Germany
Email : gallizo@hlrs.de

MAX-PLANCK GESELLSCHAFT ZUR
FOERDERUNG DER WISSENSCHAFTEN
E.V.

Dr. Lael Schooler,
Max-Planck-Institut für Bildungsforschung
Berlin, Germany
Email: schooler@mpib-berlin.mpg.de

Ontotext AD Atanas Kiryakov,
Ontotext Lab,
Sofia, Bulgaria
Email: naso@ontotext.com

SALTLUX INC. Kono Kim
SALTLUX INC
Seoul, Korea
Email: kono@saltlux.com

SIEMENS AKTIENGESELLSCHAFT Dr. Volker Tresp
SIEMENS AKTIENGESELLSCHAFT
Muenchen, Germany
Email: volker.tresp@siemens.com

THE UNIVERSITY OF SHEFFIELD Prof. Dr. Hamish Cunningham,
THE UNIVERSITY OF SHEFFIELD
Sheffield, UK
Email: h.cunningham@dcs.shef.ac.uk

VRIJE UNIVERSITEIT AMSTERDAM Prof. Dr. Frank van Harmelen,
VRIJE UNIVERSITEIT AMSTERDAM
Amsterdam, Netherlands
Email: Frank.van.Harmelen@cs.vu.nl

THE INTERNATIONAL WIC INSTI-
TUTE, BEIJING UNIVERSITY OF
TECHNOLOGY

Prof. Dr. Ning Zhong,
THE INTERNATIONAL WIC INSTITUTE
Mabeshi, Japan
Email: zhong@maebashi-it.ac.jp

INTERNATIONAL AGENCY FOR RE-
SEARCH ON CANCER

Dr. Paul Brennan,
INTERNATIONAL AGENCY FOR RE-
SEARCH ON CANCER
Lyon, France
Email: brennan@iarc.fr

INFORMATION RETRIEVAL FACILITY Dr. John Tait, Dr. Paul Brennan,
INFORMATION RETRIEVAL FACILITY
Vienna, Austria
Email: john.tait@ir-facility.org

4 of 26



FP7 – 215535

Deliverable 6.3

Table of Contents

List of figures 6

1 Introduction 7

2 Urban Computing in LarKC: the story so far 8
2.1 Data Preparation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8

2.1.1 AMA data sets . . . . . . . . . . . . . . . . . . . . . . . . . . . 9
2.1.2 Data sets from Web . . . . . . . . . . . . . . . . . . . . . . . . . 9

2.2 Browser for Geo-data . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10
2.3 Term of comparison . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11
2.4 Urban Baby LarKC plug-ins . . . . . . . . . . . . . . . . . . . . . . . . 11
2.5 Urban Baby LarKC pipelines . . . . . . . . . . . . . . . . . . . . . . . 12

2.5.1 First pipeline . . . . . . . . . . . . . . . . . . . . . . . . . . . . 13
2.5.2 Second pipeline . . . . . . . . . . . . . . . . . . . . . . . . . . . 13
2.5.3 Third pipeline . . . . . . . . . . . . . . . . . . . . . . . . . . . . 15
2.5.4 Recap . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 16

2.6 Urban Baby LarKC client . . . . . . . . . . . . . . . . . . . . . . . . . 19

3 Lessons Learned from the Early Adoption of LarKC 20

4 Conclusions and next steps 24

References 25

5 of 26



FP7 – 215535

Deliverable 6.3

List of Figures

2.1 Screenshot of the RDF browser for geographical data. . . . . . . . . . . 10
2.2 First Urban Baby LarKC pipeline . . . . . . . . . . . . . . . . . . . . . 13
2.3 Second Urban Baby LarKC pipeline . . . . . . . . . . . . . . . . . . . . 14
2.4 The complex selection strategy . . . . . . . . . . . . . . . . . . . . . . 14
2.5 Third Urban Baby LarKC pipeline . . . . . . . . . . . . . . . . . . . . 15
2.6 Urban Baby LarKC Client . . . . . . . . . . . . . . . . . . . . . . . . . 19

6 of 26



FP7 – 215535

Deliverable 6.3

1. Introduction

This deliverable does not simply represent the“Urban Computing environment spec-
ification”, i.e. the design of a Urban Computing application, but it consists in the
high-level report on the activities towards the so-called “Urban Baby LarKC ”, i.e. the
implementation of an application that makes use of the LarKC platform and of some
plug-ins to concretize some Urban Computing scenario.

In this way, we not only took an important step towards the actual realization of a
fully-fledged Urban Computing application, but, playing the role of “early adopters”
of the technologies developed within LarKC, we also had the chance to face with all
the problems of an initial experimentation with the platform and, as a consequence,
to provide early feedback, lessons learned and new requirements to the platform and
plug-in developers.

Due to the immaturity of the platform, the scenario we are currently able to demon-
strate in our Urban Baby LarKC is limited; nonetheless, it is the first step of the more
complex scenario we envisioned in deliverable D6.1 [2] and in [8, 7]. This scenario
is about a user that wants to plan his movement, by possibly using a combination
of transportation means, towards a particular destination that can be a known place
(simple scenario) or some dynamically-chosen goal place (more complex scenario), like
a monument – selected by the relevant ones of a city –, an event – among those pub-
lished on the Web – or a friend – whose position can change over time. In order to
fulfill the user request, numerous distributed and heterogeneous data sources should be
accessed and several different parameters should be taken into account to calculate the
“most desirable” path for the user; therefore, this is a good scenario to demonstrate
the advantages of using LarKC technologies over traditional solutions and custom im-
plementations. At the time of writing (May 2009), we were able to implement with
LarKC only the simple scenario, but we are confident that we will be shortly able to
add more functionalities to realize also the more complex scenario.

The document is structured as follows. Chapter 2 reports on the activities per-
formed towards the Urban Baby LarKC: in particular, Section 2.1 is about the data
preparation; Section 2.2 describes the development of some sample applications using
those data; Section 2.3 introduces the realization of some applications to be used as
“term of comparison” for the Urban Baby LarKC; Section 2.4 and Section 2.5 give
some insight respectively on the plug-ins we developed for our scenario and on the
pipelines we constructed with those plug-ins; finally, Section 2.6 illustrates the client
application to launch the functionalities from a map GUI. In Chapter 3, we provide
a summary of the findings of this early adoption activity: lessons learned, feature
requests, new requirements for the platform and the plug-in design and development;
the deliverable is concluded by Chapter 4 which draws some conclusions and foresees
the next steps.

Those future works will be the topic of the future deliverables of WP6 – namely
D6.5, D6.8 and D6.10 – in which we will present the advancements of our work towards
the realization of a series of Urban Computing demonstrators of increasing complexity
that take advantage of the more and more mature implementation of the LarKC
platform and the richer support it will offer for the plug-ins development and the
pipelines construction and execution.
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2. Urban Computing in LarKC: the story so far

In order to get to a concrete implementation of a Urban Computing scenario over the
LarKC platform, several steps must be taken, from the data preparation, through the
design of the system, till the realization of the prototype.

In this chapter, we provide a short summary of the activities performed with WP6
to get to the first public release of the Urban Baby LarKC, the first prototype of WP6.
We do not provide small details on tasks and implementation, since our purpose in
this document is to give an overview of the general process needed to develop a Urban
Computing application with LarKC. More details are available, however, on the project
wiki and in the code documentation and some sample applications are available on-
line, as explained in the following; of course, further explanations can be provided
upon request.

In the path towards the Urban Baby LarKC we also got some early lessons learned
and feature requests for LarKC, which are provided in the following chapter.

2.1 Data Preparation

Since the beginning of the project, we are collecting pointers to data sources of interest
to be used in Urban Computing scenarios; in deliverable D6.1 [2], we provided a first
list of interesting data sources.

We started analyzing the available data sets, in order to select the first ones to
be consider in the Urban Baby LarKC and in order to understand their peculiarities
and their characteristics. We decided to go into more depth of a subset of the data
sources that we have found in the initial survey and in deliverable D6.4 [3] we provide
information about these sources. We can classify the datasets we are considering in
two classes:

• AMA data sets: this data, in GIS-specific format, contains information about
the city of Milano as like topology and traffic information released by Agenzia
Milanese Mobilità Ambiente1 (in english: “Milan Mobility and Environment
Agency”);

• data sets from Web: the data sets available on the Web. Some of these
sources belong to the Linking Open Data (LOD) cloud and they contain links to
other data sets. Other sources do not have explicit links but we think that will
be possible to create connections to other ones.

In the selection of the data sources we take into account different characteristics:
data sets can contain static or dynamic data, the format of the data could be RDF or
convertible ones (for example XML documents, that can be translated in RDF with
GRDDL), data sets can have links to other sources or not to have them (but they can
be generated) and so on. In this way we have an heterogeneous set of data sets that
should be treated in different ways. In the future LarKC should be able to treat some
different kind of data formats and their conversion in RDF; currently we manually
prepared the data in order to use this data within the current LarKC platform. In the
following we will briefly describe several steps that were taken to treat the two sets of
data sources.

1http://www.ama-mi.it
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2.1.1 AMA data sets

As reported in D6.4 [3] the data obtained from AMA is not in an RDF format; in order
to use this data with LarKC we converted it in RDF and we exposed it in different
ways. More precisely, the main steps of the AMA data preparation are:

• Ontology Modeling: on the basis of the analysis, we derived some ontological
schemata to represent the data; details and FAQs about the ontologies we mod-
eled are available on the project wiki at http://wiki.larkc.eu/LarkcProject/
WP6/WorkInProgress/AMAData;

• SPARQL Endpoint: in order to access the selected data sources as SPARQL
endpoint, we used a mapping tool – namely D2R [1] – and configured it to expose
the data on the Web and have the possibility to query them; the D2R server is
available on line at http://seip.cefriel.it/ama/2;

• RDF Dumps: the SPARQL endpoint realized with D2R do not convert the
original data, but just wraps the data source; however, D2R offers some facilities
to get RDF dumps out of the wrapped data source; we exploit those facilities
and we obtained several RDF dumps: one which included the whole graph of
Milano roads and a bunch of others which contain meaningful subsets of the
whole graph;

• AllegroGraph Endpoint: since the Urban Computing scenario involves geo-
graphical data, we looked for tools that are able to deal and to easily query RDF
data that include location information; AllegroGraph3 is an RDF store which
offers some facilities to deal with geographic information; we used AllegroGraph
to have a SPARQL endpoint to query the RDF data and to get the possibility
to geo-spatially index the data; therefore, the data can be also queried with a
custom SPARQL extension which allows for selecting RDF triples on the basis
of the location information4.

2.1.2 Data sets from Web

Among the available data sets on the Web that we considered there are some sources
that expose RDF data: in that cases we examined related documentation, schemata
and we look into the available methods to access the data.

In the other cases the data sources that we considered allow to retrieve little amount
of data through Web services with an XML output. It means that we cannot get all
the data contained in the sources (and convert them as we did for AMA data sets),
but we have to perform the transformation on the fly. The main steps of this process
are:

• Ontology Modeling: every service uses a different custom schema to format
its data; first of all we examined the kind of information and the structure of

2The access to the D2R server is password-protected. Interest readers can get proper credentials
at http://wiki.larkc.eu/LarkcProject/WP6/Private/AmaSparqlPwd or ask for them via email to
daniele.dellaglio@cefriel.it.

3AllegroGraph RDFStore Web 3.0’s Database http://agraph.franz.com/allegrograph/
4AllegroGraph SPARQL geo-extension http://franz.com/agraph/support/documentation/

current/sparql-geo.html
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the output. Then we looked for available vocabularies with suitable terms to
represent in RDF the data we receive from the Web service;

• Conversion Preparation: in order to perform the conversion from XML to
RDF it’s possible to follow the GRDDL approach, that uses algorithms defined
in XSLT format.

2.2 Browser for Geo-data

Once we obtained a meaningful set of data sources and realized the possibility to
query them in SPARQL, we started testing and employing the data to implement
demonstrators towards our idea of Urban Computing with Semantic Technologies.

The first tangible result was a visual RDF browser for geographical data. It is an
application built on top of Google Maps that lets the user explore the data sources by
“navigating” across the data in a natural and intuitive way, i.e. by moving on a map.
This browser is available on line5 at http://seip.cefriel.it/amabrowser/ and a
screenshot of its functioning is offered in Figure 2.1.

Figure 2.1: Screenshot of the RDF browser for geographical data.

5The access to the RDF browser is password-protected. Interest readers can get proper credentials
at http://wiki.larkc.eu/LarkcProject/WP6/Private/AmaSparqlPwd or ask for them via email to
daniele.dellaglio@cefriel.it.
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2.3 Term of comparison

In order to get valuations from the LarKC platform in the Urban Computing scenario
we decided to design and develop at the same time of the Urban Baby LarKC an
application with the role of term of comparison. The main requirement that we fixed
in the design of this application is that its behaviour should be the most similar to
the Urban Baby LarKC one:

• Data Sets: the term of comparison considers the same data sets used by the
Urban Baby LarKC and access the data in the same way (if the Urban Baby
LarKC accesses a remote SPARQL endpoint, the application will get the data
querying the same service);

• Data Flow: the term of comparison manages the data flows like the pipeline
executed on LarKC (if the Urban Baby LarKC gets the data from two sources,
it makes a merge and then it start a reasoning operation on the union dataset
then the term of comparison will do the same);

• Algorithms: the term of comparison applies the same reasoning algorithms of
the Urban Baby LarKC (the code is the same as much as possible).

Developing the term of comparison with the same LarKC methodology we can
obtain some indicators about the LarKC platform and how much it contributes on the
general application performance and the overhead it may impose.

As we will explain in the section 2.5, there are some pipelines that can be executed
on the Urban Baby LarKC. It means that for each of these pipelines an equivalent
version of the term of comparison has been realized.

2.4 Urban Baby LarKC plug-ins

In order to realize functionalities for the Urban Baby LarKC scenario we designed
different plug-ins that we will present in this section (classified per type, according to
the five main plug-in types defined so far within the project). These plug-ins has been
developed mainly by WP6 partners in collaboration with WP5 ones.

• IDENTIFIERs: their main objective is the retrieval of the required informa-
tion. Actually we have designed four plug-ins of this kind:

– RemoteGraphLoaderIdentifier: it loads triples contained in a known
RDF file located on the Web;

– SparqlEndpointIdentifier: it accesses a remote SPARQL endpoint and
submits a CONSTRUCT query; it returns the found RDF triples. This
plug-in is under development and it has not been completed yet;

– GeoLocationIdentifier: the purpose of this plug-in is to execute geo-
based queries. In order to solve this task it uses some of the AllegroGraph
geo-spatial features, submitting queries to a remote AllegroGraph server.
Received coordinates of a point and a range, this plug-in finds RDF triples
indexed by AllegroGraph on the circular area defined by the input range
and the input point as center;
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– MixedStrategyIdentifier: this IDENTIFIER plug-in realizes a more com-
plex strategy to retrieve the data: it looks for the RDF triples defining the
areas around the start and goal points involved in the query (using Alle-
groGraph features) and the main roads that connects them (we will discuss
this strategy in more detail in Section 2.5).

• TRANSFORMER: we developed a TRANSFORMER plug-in, SparqlToGeo-
QueryTransformer, in order to parse the LarKC input SPARQL query and to
extract relevant information from it. The plug-in processes the query and finds
the input for the GeoLocationIdentifier and the MixedStrategyIdentifier (centers
and ranges).

• REASONER: we designed a REASONER plug-in, called PathFinderReasoner,
to solve the task of finding the most desirable path. We are developing two
different version of this plug-in, to try and to compare different approaches:

– OpResPathFinderReasoner: it is based on the Operational Research:
taking advantage of structures and methods of this discipline the plug-
in converts the input RDF triples in a suitable graph to apply Dijkstra
algorithm on it;

– ObBasedPathFinderReasoner: it is based on Ontobroker from Onto-
prise: taking advantage of an existing commercial products functionality,
this plug-in converts the input RDF triples in a F-Logic based facts to apply
Bellman-Ford algorithm on it;

• SELECTER: after data is identified (by IDENTIFY plug-in), in order to better
fit data to our needs, a SELECTER is required; we picked an existing plug-
in, GrowingDataSetSelecter, developed by WP5 partners (more information
available at http://wiki.larkc.eu/LarkcPlugins);

• DECIDER: the DECIDER plug-in that we realized, UrbanBabyLarkcDe-
cider, builds the pipeline and starts the suitable plug-ins in order to execute
it. This plug-in has been customized to execute the different pipelines that we
prepared.

These plug-ins are the basic blocks on which first pipelines related to the Urban Com-
puting scenario are built.

2.5 Urban Baby LarKC pipelines

In previous sections we mentioned that there are different pipelines that can be built
and executed. It is useful in order to try and to compare different algorithms. We
planned to improve increasingly the complexity of the Urban Baby LarKC building
pipelines more and more complex. Actually we developed three pipeline structures
on which plug-ins presented on Section 2.4 could be inserted. All the pipelines try
to solve the same problem: given a start and a goal points they compute the most
desirable path. It is worth noting that we did not invent yet another route planning
approach, on the contrary, we took into consideration “the very naive implementation
of Hierarchical Approaches to route planning” (see introduction to Chapter 3 of [6]).
More details are offered in Section 2.5.2.
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In the following we shortly present the pipelines explaining their main features.

2.5.1 First pipeline

Figure 2.2 shows the first pipeline structure we designed. It is the the simplest one: it
is composed by an IDENTIFIER, a SELECTER and a REASONER.

Figure 2.2: First Urban Baby LarKC pipeline

As we explained in the previous section, as SELECTER the GrowingDataSetSe-
lecter is used and the REASONER can be one of the two implementations of PathFind-
erReasoner. There are two IDENTIFIER plug-ins that could work in this pipeline:
RemoteGraphLoaderIdentifier and SparqlEndpointIdentifier; their task is to retrieve
the RDF triples that describe the area of the city on which the path should be pro-
cessed.

The pipeline that we build with the RemoteGraphLoaderIdentifier looks for the
most desirable path on a fixed small area (we considered the historical center of Milano,
an area with a range of about one kilometer), because the loading of the whole graph
of Milano requires too much time to execute the pipeline (some minutes). So we have
to assume that the start and the goal node are in the considered area, otherwise the
path will not be found.

In order to relax the constraint of the fixed area the SparqlEndpointIdentifier can
replace the RemoteGraphLoaderIdentifier, enabling the selection of portions of the
Milano graph based on the properties that describes roads and points (for example
the capacity of the streets or the jurisdiction where the roads are located). Different
queries could be submitted to the SPARQL endpoint: depending on the start and goal
node the query that retrieve the best portion of the Milano graph changes. When this
plug-in is ready we will go into more depth on this facet.

2.5.2 Second pipeline

The pipeline structure represented in Figure 2.3 is designed to allow the execution
of alternative pipelines where the input LarKC query affects the data retrieval pro-
cess. The task of extracting relevant data from the query is assigned to the Spar-
qlToGeoQueryTransformer; as in the first pipeline structure the SELECTER is the
GrowingDataSelecter and the REASONER can be one of the versions of PathFinder-
Reasoner. The possible IDENTIFIER plug-ins that can be involved in this pipeline
are the GeoLocationIdentifier and the MixedStrategyIdentifier.
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Figure 2.3: Second Urban Baby LarKC pipeline

In Section 2.4 we described the GeoLocationIdentifier explaining that it allows to
submit to a remote AllegroGraph service a query extended with geo-spatial features
supported by this application. The TRANSFORMER before it extracts the center
coordinates and the range of the area that should be considered and provide them
to the GeoLocationIdentifier. When this plug-in is used in this pipeline the area to
consider in order to find the desirable path between the start and the goal node can
be the one with the middle point between the two nodes and as diameter the distance
from the start to the node slightly increased. The performance of this plug-in is highly
related to the diameter of area: this policy does not work if the distance between the
two points is too much (more than some kilometers).

Summarizing what we described until now, the selection strategies of the area
where look for the desirable path are simple and they does not work when the distance
between the start and goal node are too high. In order to try to solve this problem
we tried to develop a more complex approach to select useful portions of Milano
graph. According to [5], “algorithms for route planning in transportation networks
have recently undergone a rapid development, leading to methods that are up to one
million times faster than Dijkstra’s algorithm”; those methods improve performances
by a smarter selection of the data subset on which applying standard algorithms;
[4] can be considered as the reference implementation of the Hierarchical Approaches
to route planning.

Figure 2.4: The complex selection strategy
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The strategy that we designed for the Urban Baby LarKC is represented in Figure 2.4.
The two markers represent the start and the goal nodes; the idea is to select:

• a subset of roads that covers a big area of the city – we choose to select the
subset of the main roads (the roads marked with the thick line);

• the roads around the starting and goal points – the streets inside the circles
around the marker.

Merging these three subsets, a graph where start node is connected to the goal one is
obtained, so its possible to compute a path.

A first attempt to realize a plug-in that follows this strategy for the Urban Baby
LarKC is MixedStrategyIdentifier: we mixed the code of RemoteGraphLoaderIdentifier
(to select the main roads) and the one of the GeoLocationIdentifier (to select the
roads around a point). This plug-in can replace the GeoLocationIdentifier in the
second pipeline structure, in fact it requires some information that is provided by the
SparqlToGeoQueryTransformer.

2.5.3 Third pipeline

The MixedStrategyIdentifier realizes the complex strategy that we’ve just described
above, but it is not a good solution: LarKC is a platform that supports plug-ins and the
creation of pipelines where they can be combined, so we can build a pipeline where our
strategy is realized with GeoLocationIdentifier, RemoteGraphLoaderIdentifier and the
SparqlEndpointIdentifier. Figure 2.5 represents a pipeline structure that can realize
this approach.

Figure 2.5: Third Urban Baby LarKC pipeline

The two couples TRANSFORMER–IDENTIFIER are composed by a SparqlTo-
GeoQueryTransformer and a GeoLocationIdentifier that find the graph around the
start and the goal nodes; the third IDENTIFIER plug-in is a RemoteGraphLoad-
erIdentifier and it loads the RDF model describing the main roads (in future the
SparqlToGeoQueryTransformer could replace this plug-in). As the previous pipelines
the SELECTER plug-in is the GrowingDataSetSelecter and the REASONER is one
of the two PathFinderReasoner. A difference from the first two pipeline structures is
that in this case a merge is required, so the Data Layer should offer this feature.
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2.5.4 Recap

Summarizing the actual realizations and implementations of the various plug-ins, as
described in the previous sections, we list the pipelines we designed and their current
status.

Pipeline 1a

Description: loads the historical center of Milano and find a desirable path between
a start and a goal node (inside the area)
Status: Working

DECIDER UrbanBabyLarkcDecider
IDENTIFIER RemoteGraphLoaderIdentifier
SELECTER GrowingDatasetSelecter
REASONER PathFinderReasoner

Pipeline 1b

Description: loads a portion of the Milano graph selected with a standard SPARQL
query (for example the roads with an high capacity) and find a desirable path between
a start and a goal node (located on roads selected by the query)
Status: Not working (the SparqlEndpointIdentifier is under development)

DECIDER UrbanBabyLarkcDecider
IDENTIFIER SparqlEndpointIdentifier
SELECTER GrowingDatasetSelecter
REASONER PathFinderReasoner
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Pipeline 2a

Description: loads the graph of the area containing both the start and the end
points and find a path between them (it works only if the two points are near, or it
requires too much time to get the result)
Status: Working

DECIDER UrbanBabyLarkcDecider
TRANSFORMER SparqlToGeoQueryTransformer
IDENTIFIER GeoLocationIdentifier
SELECTER GrowingDatasetSelecter
REASONER PathFinderReasoner

Pipeline 2b

Description: loads the main roads and the graph around the start and the goal
nodes and find a path between them
Status: Working

DECIDER UrbanBabyLarkcDecider
TRANSFORMER SparqlToGeoQueryTransformer
IDENTIFIER MixedStrategyIdentifier
SELECTER GrowingDatasetSelecter
REASONER PathFinderReasoner
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Pipeline 3a

Description: loads the main roads and the graph around the start and the goal nodes
and find a path between them (like pipeline 2b but this pipeline is more complex and
realized with simpler plug-ins)
Status: Not working (the merge is not supported by the platform)

D UrbanBabyLarkcDecider
T SparqlToGeoQueryTransformer (x2) –
I GeoLocationIdentifier (x2) RemoteGraphLoaderIdentifier
S GrowingDatasetSelecter
R PathFinderReasoner

Pipeline 3b

Description: loads the main roads and the two graphs of areas around the start and
the goal nodes and find a path between them (like pipeline 2b and 3a but the main
roads are loaded with a SPARQL query)
Status: Not working (the SparqlEndpointIdentifier is under development and the
merge is not supported by the platform)

D UrbanBabyLarkcDecider
T SparqlToGeoQueryTransformer (x2) –
I GeoLocationIdentifier (x2) SparqlEndpointIdentifier
S GrowingDatasetSelecter
R PathFinderReasoner
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2.6 Urban Baby LarKC client

While we were developing the pipelines for the Urban Baby LarKC we started the
realization of a front–end for the Urban Baby LarKC. It is a Web application offering:

• a simple interface in order to generate in a simple way requests for the Urban
Baby LarKC and to show the response in a suitable format (the graphical rep-
resentation – the path line drawn in the map);

• an interface to observe the behaviour of the execution (the textual representa-
tion).

The Urban Baby LarKC Client is actually under development. The graphical
representation is almost completed and it was designed to be easily extended in order
to support the future development of the Urban Baby LarKC. It is an application
developed on the top of Google Maps and actually it allows to select the start and the
goal node and to submit the query to the platform (on Figure 2.6).

Figure 2.6: Urban Baby LarKC Client

In parallel we are also developing an offline version of the graphical representation:
in fact in order to execute the application a Web connection is required to use Google
Maps API. Providing an offline version of the Urban Baby LarKC Client can be useful
to test the platform when the Web connection is not available.

The textual representation is designed for developers and for users that want to
supervise the execution: this part of the interface shows the generated SPARQL query
submitted to the LarKC platform, the answer (for example in XML format) and other
related information as like the state of the connection between LarKC and the Client
and so on.
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3. Lessons Learned from the Early Adoption of LarKC

In our experience of building the Urban Baby LarKC, we encountered several issues
related to the early adoption of the LarKC platform. Some of those issues are strictly
associated to the process development of the platform itself and therefore will be solved
while the development proceeds and the code becomes more mature; for this reason,
those issues are not reported here.

However, trying to apply LarKC technology to a concrete use case, we met some
questions and some difficulties that could be interesting to address in the future releases
of the LarKC platform. We already discussed some of those issues with the platform
developers (WP5), therefore some of the points are already included in the forthcoming
updates of the platform components.

Hereafter, we provide a short discussion on those points, adding – whenever feasible
and possible – examples from our Urban Baby LarKC scenarios. Those remarks can
be considered like a sort of new requirements or feature requests for LarKC.

Plug-in Configuration -

While building the Urban Baby LarKC pipeline, we developed and inserted in
the pipeline some plug-ins to make it realize our scenario.

For example, as discussed in Section 2.4, we developed a GeoLocationIdentifier
which can be invoked to get the triples within a specific geographic area; in or-
der to do this, the plug-in connects to a remote server where this information
is stored and indexed and uses specific address and credentials to query that
server.

This kind of data for the connection can be considered as configuration pa-
rameters of the plug-in; the LarKC platform therefore should offer a more
sophisticated support to express the plug-in configuration.

Merge Operator -

The last pipeline structure we described in Section 2.5 (cf. Figure 2.5) envi-
sioned the identification of different portions of the data extracted by different
IDENTIFIER plug-ins (one that selects the graph containing all the main roads
of Milano, one that selects a graph containing all the roads around the staring
point and one the selects the graph containing all the roads around the arrival
point). After this identification, therefore, there would be three separate RDF
graphs containing parts of the data necessary to be reasoned upon to get the
most desirable path between two points.

In order to do this, the pipeline should be able to execute in parallel some
of the plug-ins and the merge their partial results before continuing with
the rest of the execution; the LarKC platform therefore should offer a merge
operator to be applied whenever needed to the plug-ins included in a pipeline.

Split Operator -

In a similar way, a scenario could include the need for the pipeline to be split
into parallel branches for a part of its execution (cf. Figure 2.5).

A meaningful scenario highlighting this need should be the previous one – with
multiple IDENTIFIER plug-ins run in parallel – or a similar one in which the
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pipeline passes the intermediate results to several REASONER plug-ins that
are executed in parallel. This can happen, for example, when different kinds of
reasoning are needed either to infer different results on the same portion of data
or to be applied to different datasets. For example, different reasoning strategies
can be applied to find the most desirable path between two points on the Milano
graph, in order to take into account different preferences in this search.

In order to do this, the pipeline should be able to split its execution into
parallel branches; the LarKC platform therefore should offer a split operator for
the pipelines.

Pipeline Fragments -

In the same way as described before for merging the results of parallel IDENTI-
FIER plug-ins and for splitting the execution into parallel REASONER plug-ins,
there could be the need for merging/splitting entire portions of pipelines or even
entire pipelines.

What is needed is a concept of pipeline fragment that are formed by a com-
bination of several plug-ins and to which some operators can be applied, like
the merge and the split operators. This concept is somehow similar to the idea
of process fragment in workflow systems. Please, note that this idea of “frag-
ment” could also be used to “wrap” a complete pipeline as a single “component”
in another pipeline. For example, the whole path finding pipeline (described
in Section 2.5) can be considered a fragment of the Extension 1 described in
Chapter 4.

In our opinion therefore the LarKC platform should offer this abstraction of
pipeline fragment.

Pipeline Loops -

Another issue that we would like to raise regards the possibility to insert loops
in the pipelines execution.

In some cases, the loop is directly needed in the pipeline at design time – either
because a specific portion of the pipeline has to be executed more than one time
or to add the so-called anytime behavior that repeats the whole pipeline until
the (runtime) decision to stop the execution.

However, while building the Urban Baby LarKC, we met the need for having
a loop within the pipeline at runtime. In the scenario explained in Section 2.5
and referenced in the “Merge Operator” lessons learned, three IDENTIFIER
plug-ins are executed to select three portions of the Milano roads graph (around
the staring and arrival point and all the main roads); after this a REASONER
plug-in should reason upon the union of those three graphs in order to discover
the most desirable path.

In order to do this, the RDF graph merging the three portions must represent a
connected graph of roads, otherwise no path can be computed between the start-
ing and the arrival points. Therefore, before passing the data to the REASONER
plug-in to compute the most desirable path, a check should be performed on the
merged graph to assure the connectivity of the roads graph.
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Another example could be the Extension 1 we describe in Chapter 4, which
requires to repeat the whole path finding part of the pipeline for every result of
the initial search for interesting destinations.

In order to do this, the pipeline should be allowed to have loops in a part of
its execution and the condition to enter the loop should be evaluated at runtime
by the DECIDER plug-in on the basis of the partial results of the execution;
the LarKC platform therefore should offer the possibility to have loops in the
pipelines.

Data Caching/Persistence and Concurrency -

The LarKC platform already offers the possibility to cache data; for example, a
DECIDER plug-in can keep the data it receives from other plug-ins during the
execution of the pipeline. However, in this way, the data is persistently stored
until a DECIDER plug-in explicitly delete the data from the cache. The risk,
however, is that, if the cache is not emptied, the execution of the same pipeline
can give different results depending on the data that is stored in the cache.

For those reasons, a richer data caching behavior could be envisioned; moreover,
the persistence of data in the so-called Data Layer should be correctly planned
and managed, in order to avoid undesired behavior and results. This has partic-
ular relevance every time there is a concurrent access of multiple components
to the shared data: as explained also before, there is a number of circumstances
in which different plug-ins should access and operate on the same bunch of data
(e.g. when different REASONER plug-ins try to infer knowledge from a dataset
by applying different reasoning strategies).

Therefore, we believe that the LarKC platform should take care of concurrency,
data persistence and data caching.

Support for plug-in development and management -

Whenever a new plug-in is to be designed and developed, some guidelines and
“rules” should be followed to correctly realize it and make it work in conjunc-
tion with the LarKC platform. For example, every plug-in must obviously be
compliant with the API of its generic type.

However, every programmer knows that, when developing a piece of code that
must work with a platform, a lot of problems arise for conflicts between the
plug-in and the platform. To prevent this, the platform should offer some sup-
porting facilities to ease the development of plug-ins, thus increasing the chance
of community contribution and platform extension.

An example of support would be the possibility to let the plug-in developer add
some plug-in-specific files that are needed for the plug-in correct functioning
(something similar to what happens in common Web applications, like servlet
containers, with the WEB-INF folder) and that should not be mixed with the
platform-specific files and folders.

Another issue that is very relevant for plug-in development is the correct man-
agement of libraries. It is quite frequent, in fact, that plug-ins adopts or are
based on third-party libraries (either open source or even proprietary). There-
fore, the possibility exists that different plug-ins use different versions of the
same libraries or that incompatibilities arise between libraries.

22 of 26



FP7 – 215535

Deliverable 6.3

To this end, the platform should arrange separate and independent execution
environments for each single plug-in; for example, this result can be achieved by
operating at the class loading level. In this way, each plug-in can be executed
without interfering with other plug-ins or with the platform.

Exception Handling and Gentle Recovery -

Due to the current status of the platform (“in-progress”), during the coding and
execution of the pipelines of the Urban Baby LarKC described in Section 2.5, we
faced the problem of understanding where a problem of execution was initiated
and how to solve it. We met several times the situation in which the execution
of a pipeline encountered some problems and was blocked without any evident
sign or signal for the user; moreover, the platform kept working while the client
application was not notified of anything. Finally, the recovery of the system
after a problem was not easy because the “system” state was not predictable
and could interfere with the following (re-)execution of pipelines.

For those reasons, we believe that it is of great importance that the LarKC plat-
form should support the correct setup of the exception handling and should
provide a standard way to restore the system after a problem occurred and, if
not possible, a way to notify the error to the client.
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4. Conclusions and next steps

In this deliverable we did not simply present the “Urban Computing environment
specification”, i.e. the design of a Urban Computing application, but we reported
about the realization activities already performed towards the so-called Urban Baby
LarKC, the implementation of an application that makes use of the LarKC platform
and of some plug-ins to concretize some Urban Computing scenario.

This is of course only the first step of our road-map towards a fully fledged Urban
Computing application developed with LarKC technologies and tools. As long as the
LarKC platform becomes more mature and stable and offers more functionalities –
among which the ones we suggested in Chapter 3 –, we will be able to make con-
crete more complex Urban Computing scenarios, by reusing or implementing plug-ins
and by defining and executing new pipelines over the LarKC platform. As explained
in Chapter 1, in fact, we want to realize a richer use case that involves more data
sources and that solicits and stresses more the LarKC platform, demonstrating, in the
meantime, its advantages with regards to existing technologies.

We already envision some possible extension to the scenario already implemented
via the pipelines described in Section 2.5. Both extensions involve new data sources to
be taken into account, but their requirements and their consequences on the pipeline
are as follows:

Extension 1 the destination of the path is dynamically chosen:

The user does not know in advance what the destination is of his route, but he
expresses some requests or ambitions and the destination is selected on the basis
of those preferences; for example, the user says that he would like to go and visit
some interesting monuments or venues of a city, or that he would like to attend
some music concerts or cultural event that night, or that he would like to meet
some of his friends that happen to be in the same city.

The impact on the pipeline is that, first of all, a query should be routed to an
appropriate data source (an archive of points of interests, a source of events
schedule, a localization systems for a social network) and should select some
possible destinations; then, for each destination, a suitable strategy to find the
most desirable path (for example, among the ones described in Section 2.5).

Extension 2 the path finding takes into account the traffic conditions :

The user would like the path finding to take into account the traffic conditions
on the specific day and at the specific time in which he will have to move.

The impact in this case is that, when calculating the most desirable path, the
“weight” of the street links should not be simply the length of the roads, but
a number based on the traffic prediction. To this end, a new plug-in should be
design and developed which produces traffic predictions on the basis of histori-
cal/statistical data; its forecasts should therefore become an additional input for
the REASONER plug-in to calculate the suitable path.

We decided to follow this rapid prototyping approach in order to enable an early
problem/bug discovery, to suggest possible improvements or to request new function-
alities. We believed that this activity – even though it was not planned in the original
Description of Work – demonstrated to be very useful both for the technical work
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packages (WP2-WP5) and for WP6 itself, which can better plan the following steps
on its road-map to the realization of a complete Urban Computing scenario.

In the future deliverable related to the “Urban Computing environment” (D6.5,
D6.8 and D6.10), we will update about the realization of a series of demonstrators
of increasing complexity that take advantage of the more and more mature imple-
mentation of the LarKC platform and the richer support it will offer for the plug-ins
development and the pipelines construction and execution.
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