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ABSTRACT

Recent advances in the Semantic Web community galded a

variety of reasoning methods used to process apidiesemantically
annotated data. However, most of those methods balye been

approved for small, closed, trustworthy, consisteahd static
domains. Still, there is a deep mismatch betweenebhuirements for
reasoning on a Web scale and the existing efficieasoning
algorithms over restricted subsets. This paper riesc the pilot

implementation of LarKC - the Large Knowledge Gish, a

platform, which focuses on supporting large-scaasoning over
billions of structured data in heterogeneous dats 9 he architecture
of LarKC allows for an effective combination of ketques coming
from different Semantic Web domains by following sarvice-

oriented approach, supplied by sustainable infuatire solutions.

Categories and Subject Descriptors
1.2.3 [Artificial Intelligence ]: Deduction and Theorem Proving —
inference engines.

1.2.3  [Artificial Intelligence]: Knowledge
Formalisms and Methodssemantic networks.

Representation

H.3.4 [Information Storage and Retrievall: Systems and Software—
distributed systems, question-answering systems.

General Terms
Algorithms, Management, Performance, Design,
Experimentation, Standardization, Languages, Theory
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1. INTRODUCTION

The essence of the Semantic Web is the idea thaléb can exploit
techniques from formal Knowledge Representation fd] make
information available in machine processable formallowing

automated reasoning to support more intelligenpettpon the Web.
Such machine-understandable data enables noveldiste Web
such as semantic search, data integration, peizatiah and others
[2]. Semantic Web has become de-facto an indisppémsespect of
the human’s everyday life, offering a content oé tWeb to be
utilized from within the users’ applications.

Still, most of the current Web content is only able for human
consumption and is not amenable to intelligent @ssing by
machines. Even Web content that is generated atitzaiy from
databases is usually presented without the origistalctural
information found in databases. Typical use of WWeb today
involves people seeking and combining information,reviewing
catalogues of on-line stores and ordering prodigtsfilling out
forms. The users themselves, without machine sappoist do much
of this work. Search-engines only search for s&ingithout
understanding the concepts denoted by these stangshence suffer
from homonym- and synonym-problems, informatiomirdifferent
catalogues cannot be combined automatically (eXzgpid hoc tools
such as the current shop-bots and price-compasges), and web
pages cannot be personalized to match the uset&sests and
requirements, respectively.

In the recent years, a tremendous increase oftstattdata sets has
been observed on the Web, in particular in the gouent domain,



as for example promoted by the Linking Open Dat@@)* project,

but also in science and e-Commerce (e.g. Ontdprisae massive
amount of data, in particular described by RDEResource
Description Framework) — a standard model for diatarchange on
the Web — is a key challenge for Semantic Web. Aeaation to this
challenge, several software engines have been apmdl allowing
processing over the data on the Web and even iimfefogical

consequences from the facts asserted in those idatgerforming
reasoning over theife.g. [3]):

The amount of the data, semantically structuredaamubtated on the
Web in the recent years, has been tremendouslyrgfélvfollowing
the adoption of specifications like RDF and OfMintologies, as well
as for the SPARQL query language format. Despieecat variety of
reasoning algorithms and applications implementhem, available
for Semantic Web, they all have faced with a gobatlenge — ability
to scale up to the requirements of the rapidlyeasing amount of
data, such as those coming from millions of sensord mobile
devices, terabytes of scientific data produced hytoraated
experimentation, or big enterprise content. Onather hand, there is
still a need to cope with heterogeneity in knowkedgpresentation
and with noisy and inconsistent data. Furthermanest of the
current semantic reasoning approaches are ceetfahzhich limits
scalability to the boundaries of the hardware whisesapplication is
running [5]. Some work has been done on distribueagoning and
distributed information retrieval [6]. Neverthelesise techniques
explored still present some limitations with regard performance.

Aiming at avoiding the above-mentioned limitatioasplan to build
the Large Knowlegde Collider (LarKC) - a trend-nelatform for
massive distributed incomplete reasoning - waslyiiatroduced by
Fensel et al. [7]. This idea found its realizatsomd implementation in
the ICT EU-FP7 project LarKTstarted in April 2008. In this paper,
we present one of the main outcomes of LarKC, aic®ioriented
platform that facilitates creation of large-scalenfantic Web
applications, eliminating the currently availabéehnically specific
scalability barriers of most existing reasoningieag. The remainder
of this document is structured as follows:

Section 2 introduces LarKC, its main objectives dasks to be
supported. Section 3 gives a short summary of eélgrojects and
initiatives, and describes their cross-fertilizatiwith LarKC. Section
4 presents one of the pilot scenarios in LarKC bddrComputing,
pointing out the advantages of service-oriented laarékC-supported
execution for a typical application in this areacon 5 introduces
the architecture of LarKC and describes in detaits, main
components and subsystems. Section 6 summarizesdtedone
and provides an outlook about further actions tpé&dgormed within
the LarKC project.

2. CONCEPT AND OBJECTIVES OF LARKC
The LarKC project aims at building an experimergédtform for
massive distributed incomplete reasoning, whicH support large-
scale inferencing over billions of structured dataheterogeneous
data sets by removing the scalability barriers gieed to the
currently available reasoning engines as discugsetie previous
section. The major mission and vision of LarKC @ dnable a

1 http://linkeddata.org

2 http://www.ontoprise.de/

3 http://www.w3.0rg/RDF/

* http://www.w3.0rg/TR/owl-features/
5 http://www.larkc.eu/

distributed Semantic Web reasoning infrastructorgd far beyond

current reasoning paradigms that are strictly basestandard logics
in order to scale up to the size of the current falidre Web [5], as

well as the reasoning requirements of future Weiliegtions. This is

achieved by implementing a highly innovative reasgnapproach

[7] promoted by LarKC, which combines interdisaiiy problem

solving techniques (inductive, deductive, incompletasoning, etc.)
with methods from diverse fields (information retral, machine
learning, cognitive and social psychology, paraled distributed

computing, and so forth). In order to achieve thentified goals, the
software architecture of LarKC is built up on etfee combination

of those techniques coming from different disciptirand domains by
following a service-oriented approach (Figure 1).
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Figure 1. LarKC as a platform for building enhanced
semantic reasoning applications

The two main question solved by LarKC are how twellep a

reasoning application, combining solutions and régphes coming

from diverse domains of the Semantic Web as well otfser

Computer Science disciplines (e.g. High Performa@oenputing),

and how to ensure the requested quality-of-serviegairements, in
particular by targeting the modern e-Infrastrucéusach as Grids and
Cloud environments.

In solving those questions, the LarKC approachofed the divide-
and-conquer principle [8], applying it for compleseasoning
problems. According to this approach, a reasoniggrighm can be
built by coupling lightweight Semantic Web compidagl blocks for
identification, selection, transformation, and attueasoning in a
common workflow. This approach allows blocks todeparate and
lightweight, and ensures high flexibility and easysability of the
blocks when building an application on top on them.

Considering the blocks as services (or “plug-inst LarKC
terminology), LarKC offers a platform for developmieof highly
flexible reasoning applications based on them. Tfeg-ins,
performing a subtask related to data access andone
functionality, can be used as both standalone coemts or within
an application/workflow with more complex functidityy depending



on the task to be solved. Plug-ins, developed byg@mphically
distributed teams of researchers and practitionemstitute a
marketplac® which paves the way towards “true” interoperaypiof
the components as well as exchangeability of phsg-d@r entire
workflows. Wrapping an existing component/algoritimto a LarKC
plug-in ensures its interoperability and usage it big family of
the already developed plug-ins that can be combinéal more
advanced workflows.

Further to providing a framework for developmentpifig-ins and
workflows, the LarKC platform serves a deploymeméimonment for
their execution. The distinctive feature of the K@rplatform is that
from the very beginning it was designed for supmrdistributed
computing environments. This means that the wondlavill take the
advantage of executing their parts at the distebuesource pool.
Among the resources supported are web servers Tamcat),
available over HTTP, as well as any network-conegatomputer,
accessible by means of standard protocols, suclsStd. When
running on a distributed system, the workflows Biemet only from
parallel execution of concurrent operations onedéht resources, i.e.
realizing a SETI@home scendtidut also from shipping the code
closer to the data processed (as in case of thesersier solution) or
even running parts of the computationally expansilgorithms on
high performance computers in the context of séedal
Computational Grids [9].

3. RELATED WORK

The LarKC platform is primarily intended as a sbéa and

distributed infrastructure. Although distributedopessing is not a
complete solution for scalable reasoning, it iseburpart of a

solution. There are two opportunities for applyirggearch results
from distributed computing: in the plug-ins thatplement particular
forms components of reasoning, and in the platfiran supports the
execution of, and communication between, these-ijplsigcompare
with Figure 7).

Some previous work in distributed computing is joatarly relevant
to the development of plug-ins for reasoning andbrination

retrieval. Previous approaches include [10], [1&f 412]. In the
same way, distributed computing techniques canpipdiesl to scale
data storage [13], for example, proposes a disgibiRDF storage
and retrieval engine. Technologies such as MapRe{il#], which

enables processing of large data sets, and BigTab]ea distributed
storage system for structured data, are being elgtiexplored for
support in the platform, where they can offer oigagy principles

for the replicated execution of data-reduction aedsoning, and
storage and retrieval plug-ins, respectively.

Peer-to-Peer systems [16] are another type of @ikdited system
that is being explored in the development of theKiGa platform.

Such systems are also most likely to be suitable tioe

implementation of distributed reasoning architeesuand plug-ins
with coarse computational granularity, either imte of the duration
of processing steps, or the degree to which afpécdata can be
segmented.

LarKC's goals were shared in part by the KAON peojd. 7], which
built an open-source ontology management infragiredargeted for
business applications. It produced a comprehenso@ suite
allowing easy ontology creation and management atfichmework
for building ontology-based applications. An imgmt focus of

® http://www.larkc.eu/plug-in-marketplace/
" http://setiathome.berkeley.edu/

KAON was scalable and efficient reasoning with dog@es. LarKC
extends beyond that aim by allowing the creatiomighly complex
workflows that integrate reasoning with ontologigih reasoning
over massive data from the Semantic Web. It altenels the notion
of reasoning to embrace techniques, such as theofuspreading
activation for selection, that are not part of ttandard formal
reasoning toolkit.

In order to provide a flexible and modular envir@mwhere users
and developers are able to build their own workfioand plug-ins
respectively in an easy and straightforward mantiee, LarKC

platform is being designed following the latest cgpts of modern
Service-Oriented Architectures (SOA), including theemantic
description of services and their inputs, outpatsd of meta-data
such as Quality-of-Service (QoS) requirements.hi®eénd, LarKC is
a collaborator with and consumer of the work praslugf another
European Research Project, named SOA4AIl, whicts @trealizing
a world where billions of parties are exposing acmhsuming

services via advanced Web technology [18]. The nobiective of

this project is to provide a comprehensive framéwtbat integrates
complementary and evolutionary technical advandes, (SOA,

context management, Web principles, Web 2.0 andasgm
technologies) into a coherent and domain-independsvice

delivery platform. However, LarKC foremost dealghwihe scalable
reasoning over hundreds of thousands of RDF triptesugh a
pluggable service platform while SOA4All, on th&éet hand, tries to
build a service infrastructure allowing people s wifferent kinds of
services more effectively.

Problem-solving environments or so-called virtusbdratories have
been the subject of research and development fory rpaars [19].

LarKC is meant to be both a platform for executieb-scale
reasoning, and an experimental apparatus on whetethniques for
web scale reasoning can be developed and evalufbed plug-in

architecture supports the preparation of experiel@ayparatus (new
modes of knowledge preparation, knowledge selectiamd

reasoning) and their testing within a platform ied to vastly
reduce experimental overhead. This architecturebleas motivated
in part by previous research on research infraitras as well as
workflow systems, such as Kepler [20], Taverna [2bd others.

4. APPLICATION SCENARIO — URBAN
COMPUTING

The success and application of the service-orieplaiform is being

be demonstrated, within the LarKC project itseff,three end-user
case studies. The first case study is from the tU@@amputing sector.
It aims at real-time aggregation and analysis &frination about a
city’s population, events, and services locatiororder to regulate
city infrastructure functions such as public trass@and to provide

context-sensitive navigation information. The otheo case studies
are in the life-sciences domain, related respdgtiedrug discovery

and carcinogenesis research. Both life-sciencesscesjuire large-
scale data integration and analysis of scientifiadnd literature. All

these use cases involve reasoning in some depth dbta at a scale
beyond what is possible with current Semantic Wiétastructure.

Throughout the rest of the paper, we concentratehenfirst case
study - real-time reasoning over large volumes atfadn order to
provide more responsive, dynamic and efficient mreavironments.
In this section, we first give some brief backgrdumformation about
this scenario.

Urban Computing enables the integration of comgtiensing, and
actuation technologies into everyday urban settangs lifestyles in
order to face the challenges of modern cities siscimtelligent traffic



management, (re)development of neighborhoods andindss
districts, cost planning etc [22].

Urban settings range from personal cars and cisg$to fixed public
spaces such as streets and squares including séiiG-p
environments like cafés, pubs or tourist attractiddrban lifestyles
are even broader and include people living, workingiting and

having fun in those settings. Not surprisingly, plecconstantly enter
and leave urban spaces, occupying them with highdyiable

densities and even changing their usage pattenveebe day and
night [23].

Some years ago, due the lack of data and high-speesorks,
solving Urban Computing problems, making urban irsgst
individually responsive to their inhabitants anénss seemed to be an
unrealizable dream. Recently, and quite suddenlgrge amount of
the required information has been being made alailoon the
Internet at almost no cost: maps with commercialvidies and
meeting places (e.g. Google Maps), events schedildte city and
their locations, positions and speed information pfiblic
transportation vehicles and, in some cases, of lmgifione users
[24], parking availability in specific parking areaand so on.

However, current technologies are still not abléulty solve Urban

Computing problems: doing so requires combiningigehamount of
static knowledge about the city (including urbasgdl, architectural,
social and cultural knowledge) with an even larget of data
(originating in real time from heterogeneous an@éyaata sources)
and reasoning over the resulting time-varying infation in order to
retrieve and create useful knowledge.

For these reasons, Urban Computing serves as lerngialg use case
for large-scale semantic reasoning infrastructwih the particular
use cases in the project, LarKC aims at providimgled-value
services to citizens in order to support them ipicg with daily
urban obstacles, which serves as a proxy of the meneral case of
serving the needs of billions of internet usersifgividual, custom
application of reasoning over all the world’s knedde. More
concretely, the requirements of Urban Computinghwigéspect to
semantic reasoning techniques allow us to iderlify main issues
relevant to building a sustainable reasoning platff25].

5. ARCHITECTURE OF LARKC

5.1 Overview
From the system organization’s standpoint, LarKCaissoftware
infrastructure that offers:

- a framework for development of decoupled comptséplug-ins)
as well as for constructing workflows based on ¢hplsig-ins;

- a run-time environment for launching and exeautime workflows
on a dynamic resource pool of heterogeneous anttibdizd
systems, ranging from web servers hosting the piug-parallel and
supercomputing systems: The latter ensure optiredbpnance and
scalability characteristics for computationallyensive applications.

LarKC strives to beneficially apply the divide-andnquer approach
[8] for operational support of highly-flexible, hgweight Semantic
Web computational blocks and, considering them ewvices, to

allow loosely coupled, reliable and asynchronousractions among
the blocks as well their composition to build pofukapplications.

The actual edition of the LarKC platform, which ses a substantial
code base donated by Opendybas been designed as a flexible,
pluggable and extensible architecture, which emallesign and

8 http://www.opencyc.org

testing of new reasoning techniques at vastly reducosts (i.e.,
different techniques could be easily combined, camegp and

evaluated within a single workflow). Therefore itna to be open,
dynamic and scalable but, at the same time, tdlfillé requirements
imposed by applications (refer to Section 4). Témhhiques and thus
the design of the LarKC architecture allows foradeoff between
flexibility and performance, in order to achievegaod balance
between generality and usability of workflows angplécations,

respectively.

The architecture of LarKC can be conceptualizethstaintiating this
service-oriented approach. Following the middle-approach, the
architecture serves three main subsystems/dontaiesiser domain,
platform domain, and infrastructure domain (seeifé@).

Application

Semantic Web Components / Larke Plug-ins User domain

Deciders | Identifiers = Selecters | Transformers | Reascners

/LarkC platform " \T\

\4/
Workflow LarKC LarKC
Support E D Platferm domain
System | Layer
] L
: Plug-in registry A
. |Plug-in and extensions for remote execution| | } {
i Pt AT i A T -" 3 el "\\/"
User High- e Nt 3 =
Enell e B S< | | Infrastructure domain

Computing Resources _ Storage Resources

Figure 2. The High-level LarKC Architecture.

From the user’s perspective, the architecture esafluing together
diverse operational blocks and provides a framewdidk

interconnecting those within complex applicatiormifiows in a
way that ensures the components’ scalable deploynserd

applications’ maximal performance. The use of Lark@sically
involves three categories of user groups:

- Plug-in developersvho design and implement single plug-ins and
deploy them in the platform or publish them on tharketplac for
future use;

- Workflow designersvho select existing plug-ins and combine them
in the appropriate way to solve a certain taskeeiby implementing
a scripted Decider (see Decider definition below);

- End-userswho use the services provided by the platform, a.e
particular workflow configuration to execute SPARQ@QLeries. This

interaction pattern includes both interaction wettisting application

interfaces and designers that implement applicattbat need to use
the services provided by the platform.

A single LarKC module implementation isRlug-in. Plug-ins are
grouped into categories corresponding to the comelements of
functionality recognized in the Semantic Web comities and
targeted by LarKC:

® http:/Avww.larkc.eu/plug-in-marketplace/



- IDENTIFIER - used for narrowing the scope of a reasoning tas}
from all available information sets to only thosatgmtially relevant
to answering the query;

- TRANSFORMER transforming data from one representation to
another, these transformations can be simple bitranly complex;

- SELECTER- is responsible for selecting which identified input
statements should be used for reasoning towardnawea to the
user’s query;

- REASONER- intended for applying different kinds of
reasoning (deductive, inductive, etc.) to the date
identified/selected/transformed before;

- DECIDER - a supervising component that enables constnjctio
management, control and execution of the plug-inginv the
workflows. Coupled together into a common workflomgrkflows of
LarKC plug-ins are intended to efficiently handieatse large-scale
semantic reasoning tasks. Such workflows are oftemplex,
branched and dynamic compositions of the basic comps
identified above. A decider is responsible for Oug and
maintaining such a workflow, acting as a main enpgint for
interfaces of semantic reasoning applications,asgmted in Figure 2
as “Application” rectangle. Deciders can be implated in two
different ways: 1) In form of a simple, linear d#ei (so-called
“scripted deciders”) which statically follow a pefthed structure of
tasks or 2) as “intelligent” components that cannaiyically
influence or even re-enact workflows according wdden changes.
What is more, complex workflows may delegate respmlity to
subordinate deciders.

The abovementioned blocks are deployed within thatfqym
according to the module-based approach, following hain SOA
principles [26]: pieces of self-contained functibitya functional
interoperability, using different infrastructuresdatechnologies, and
loose coupling by reducing dependencies.

Figure 3a shows an example of a workflow for theanr scenario,
introduced previously in Section 4. The workflow used for the
identification and selection of interesting monuisein Milan based
on the user actual position and comprises of thevfing plug-ins:

- a Decider, selecting the correct workflow basedte input query,
i.e. the decider catches the SPARQL queries forecarifom the
overarching application and executes different Wovks according
to a given user request (the urban scenario coeyribhree
subworkflows);

- a Transformer, analyzing a SPARQL query to getttiple patterns
that are passed to the Identifier;

- an ldentifier, querying Sindice [27] search emgip get possibly-
relevant RDF documents;

- a Selecter, filtering the documents to extradbrimation about
relevant monuments;

- a Reasoner, that identifies and combines corfrem the RDF
documents to answer the user’s query.

b

4"

FHH

a)

Figure 3. Examples of simple LarKC workflows a) the
Urban LarKC Milan Monument Scenario b) a
hypothetical branched workflow

A more complex workflow is presented in Figure 3be workload
in this workflow is shared out among several plog-br several
instances of the same plug-in. Even these straighéid workflows
require that the LarKC plug-in architecture and thwlemented
platform support data and control flow managemenbrag those
plug-ins.

5.2 The Platform Domain

The platform’s main goal is to provide full opeoatal support for
several categories of users (identified user graupsxplained in the
see section above). This is achieved by meansofrelete run-time
environment (RTE) provided by the platform as vealla service set
which is loosely coupled with the RTE. The LarKCRIE based on
the OpenCyc engine, which is most visible via thefprm-provided

semantic web endpoint for remote processing the FBPIA queries

(accessible through HTTP) as well as offers basasoning

functionalities that can be used to identify sugaplug-ins for a
particular workflow (i.e., users can ask LarKC tadfa plug-in that
fulfills their requirements, e.g. a plug-in thatakle to retrieve triples
from Sindice).

1

The main services provided by the platform (takémlyantage of the
elements of OpenCyc and Ontotext OWLIM [28] incldfiare:

- Plug-in Registry

- Plug-in Management System
- Workflow Support System

- Data Layer

The Plug-in Registryis intended to store, register and retrieve plug-
ins in the internal knowledge base. The LarKC platfs knowledge
base is designed in a way that makes the plugdokeable, easy to
manipulate, fast to access and retrieve, and pedpfar reasoning
tasks with almost no additional overhead. The caanpk of the
plug-ins within the registry knowledge base is eaduthrough the
Plug-in API elaborated in LarKC (Figure 4).
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Figure 4. Basic-level LarKC Plug-in API

Plug-ins that conform to the interfaces in Figure cdn be
automatically registered with the platform for cawsjion into
workflows.

In addition, each plug-in is supplied with a sen@annotation, as
part of the component that allows the platformitalfand manage
them in an efficient way. The semantic descriptiorcludes
information about the plug-in type, its functioradd non-functional
properties [29], and the input and output data gssed respectively
produced by this plug-in.

The coupling of the plug-ins and their interopeligbis achieved by
means of théPlug-in Managerswhich serve a high-level container
that enables data and control flow between the-pluand platform
and among the plug-ins. By exchanging relevantrmégion during
runtime, the plug-in manager communicate with #&spective plug-
in and control the state at any time. Hence, desidan directly
interact with the managers and check the actuahweh of one
particular plug-in, so as to react on any problefwsthermore, plug-
in managers support plug-in execution in the ruatiemvironment
served by the platform (details about remote execudre provided
in the next section).

Thanks to these managers, the plug-ins can easiigtegrated into a
common workflow. The integration is supported bydlection of

platform tools and utilities that compose théorkflow Support
SystemThis system helps the decider to find the appat@plug-ins

in the registry and dynamically construct, execamel manage the
workflow in the runtime environment set up by thatform. The

following services are enabled by the system:

- Queuing mechanisms
- Flow Control mechanisms
- Logging capabilities

The queues and multiplexers as the core part of Woekflow
Support System provide the mechanism for connectiiffgrent
plug-ins together within a workflow. Queues provide simple
mechanism allowing plug-ins to send and receive dat control
messages to and from the plug-ins immediately leeorafter them
in the workflow. The multiplexers provide a mectamifor splitting,
joining, or distributing messages, for example whene plug-in
sends out a single messages that must be sent wultiple other
plug-ins or where the output of multiple plug-insishbe combined
before sending this data on to the next plug-ithie workflow. The
queues and multiplexers thus make it easy for éeqtlg-in writers
to build the plumbing between different plug-inegated through the
plug-in factory, in the workflow.

Additionally, the Workflow Support System provides unified

logging system for the use of plug-ins such thagph writers do
need to create their own solutions. The infrastmectprovides
facilities for raising logging messages of differsorts, e.g. ERROR,
WARNING, DEBUG, and INFO. Decider plug-in writerarc thus
use a single logging point for debugging and chagkiheir

workflows, rather than having to navigate indivitllay files from

the different plug-ins that make up the workflow.

Data access, storage and management are facilitatbe platform
by means of th®ata Layer The Data Layer supports the plug-ins
and applications with respect to storage, retrieaad lightweight
inference on top of large volumes of RDF data. Tdyer relies
heavily on OWLIM [28] and implements a range of ala@ccess
modalities, including a direct Java API, SPARQL poidt and

linked data publication. Among the data layer's mégatures are:
persistent storage to RDF data; a reference impitatien of the
ORDI data model; facilities for passing data eittgr value or
reference; resolvable RDF data identifiers; optidaavard-chaining
reasoning, under RDF semantics, within the dateerlaiself;

interfaces that allow streaming data processing wility methods
for queries to remote data or multiple datasets;esbften RDF data
is published on the web without support for rentpierying.

For developer convenience, the LarKC developmetivites are
carried out in public view on the SourceFdfagevelopment hosting
service, which offers, among many other serviceseatralized
software code repository for maintaining all thaglns. At time of
this paper’s writing, more than forty LarKC plugsirhave been
implemented, some designed from scratch, and somerapping
with the LarKC APIs. Plug-in development is fa@tiéd by the
provision of templates and masters or through gldcal user
interface called the Plugin-Wizard (see Figure &)d support is
provided for several development environments (diclg the
popular Eclipse and NetBeans IDES).

2 LarkC plug-in Project Wizard

Create new LarKC plug-in Praject

Create a new LarKC plug-in

I Project name:  MyLarkePlugin|

[¥] Use default location

CA\LarKC\MyLarkcPlugin

Set the location of the LarKC Platform

Location: | C:/LarKC/platform

ISE‘Eﬁt Plug-in type: | [DENTIFIER

Identifier plug-in

@ < Bach Mext [ Finish

| Cancel

Figure 5: The LarKC Plug-in Wizard for easy plug-in
development

Workflows built on top of the plug-ins can easilg mtegrated into
high-level user applications. For example, basetherAlpha Urban
LarKC workflow presented and discussed above, CEERhas
created an applicatibhfor web planning of visits to the monuments
in Milan (Figure 6).

19 LarkC@SourceForge: http://larkc.sourceforge.net/
1 http://seip.cefriel.it/alpha-Urban-LarKC/
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This application shown in Figure 6 is backed by &KC Urban
Computing workflows and allows users to plan patm®ugh the
Milan city, taking into account current web conteptoviding
information about local monuments and events.

5.3 The Infrastructure Domain and Distributed

Execution

The main mission of the platform is not only to yid® means for
creating plug-ins and developing workflows basedtmm, but also
to serve a runtime environment for executing thekflows and

supporting the applications relying on them. Thentirme

environment relies on distributed system approafgilitating

meeting the flexibility, QoS, or performance reguients by the
plug-ins. Those are achieved by:

- splitting up the big dataset into subsets withtHer parallel
processing each subset by a separate plug-in tisgtthat a remote
machine (data-level parallelism in Figure 7);

- executing the plug-in on the resource hosting da¢a to be
processed;

- executing computationally intensive plug-ins e tesource which
ensures better performance characteristics as tiee where the
platform is deployed (instruction-level parallelismFigure 7).

The latter approach is especially beneficial toapplied for parallel
systems when plug-ins utilize one of the paraléian approaches
applied within LarKC, e.g. multithreading, MPI, lrlap-Reduce.

Instruction Parallelism

Decider

P Selecter1
CraL A — D Identifier
er |

—

Multi-Threading
— 1P|

Map-Reduce

Reasoner

Data Parallelism

=

Figure 7. Potential scenarios for distributed and
parallel workflow execution.

The platform architecture design is flexible enoutgh enable a
virtually unlimited variety of resource configurati for plug-in
deployment and execution. Deployment options inelcaimbinations
of generic remote web servers, desktop and segrids as well as

cloud environment and others. Unless utilizing sdefeatures for
instruction-level parallelism, there is no needhia adaptation of the
plug-in to be at the remote resource. This is aglieby means of
special platform manager extensions, such as shoWigure 8.

Workflow

Plug-in Manager
Plug-in API

Plug-in Manager
Plug-in API

Plug-in Manager
Plug-in API

Plug-in Manager
Plug-in API

Remote Launch .
Mechanism Selecter Identifier

|

Plug-in Manager
Plug-in API

Identifier

Identifier

Figure 8. Distributed plug-in execution in LarKC.

The LarKC architecture makes remote plug-in execusis simple as
specification of a type of the resource as well sasne basic
properties (e.g. URI of the servlet the plug-irp&ckaged in) in the
workflow properties, such as shown in Figure 9.

<rdf:Description rdf:about="urn:tomca

e="urn:]

ce="urn:my_webapp" />
ree="urn:http://localhost:8080" />

</schema: resourcePropartiess
</rdf:Descriptions

1
2
3
4
5
6

Figure 9. Exemplarily remote plug-in description
properties for servlet-based hosting

Two main host types, recognized by the platforne, arweb server
(the plug-in is packaged in a servlet and provided a web
application) and a remote hosting machine (the-piug uploaded to
the local file system and placed together with dieer plug-ins).
Both remote execution scenarios cover the followiagote access
protocols:

- HTTP, implemented with Java Servlet (JEE) tecbgy)
- SSH/SCP[FTP], GSISSH/GSISCP, implemented witaGaT.

In case of HTTP, the plug-in is executed in a dyicaserviet
container, e.g. Tomcat, and exposed as a web afipkc This
requires the plug-in to be packaged into a serinedrder to be able
to respond an external HTTP request. However tlaskaging
process is fully supported by the LarKC build toddecessing the
web application with the plug-in is performed trpaently by the
LarKC platform.

Ensuring the minimum communication overhead foratnplug-in
instantiation and synchronization with the locallynning platform,
this strategy can be applied for a wide range stian particular in
a frame of a global grid (e.g. SETI@Home) scenafim.the main
benefits of accessing the plug-in over HTTP canrdferred very
broad user community thanks to the widespread & teb
technology.

Alternative to “a plug-in as a web application” apach is plug-in
deployment on a remote machine accessible viaralatd Security
Shell (SSH) protocol, or special grid middlewarg,. &lobus Toolkit



(GSISSH). The plug-in is accessed by means ofale Grid Access
Toolkit'? (JavaGAT) technology. The plug-in is deployed assi
provided locally in the corresponding platform’sidier. This
approach helps overcome main disadvantages of ¢heapplications
— a need of a web server to be installed on thérgpsachine that
might be prohibited for some security-sensitiverasfructures, such
as high-performance computers. Besides that, Java&rables the
following benefits when accessing the plug-ins:hhigsecure and
trustful plug-in access and easy resource reservatid management
for parallelized plug-ins. Nevertheless, the plog-irunning with
JavaGAT suffer from the following drawbacks: jobsbd mode of
the plug-in execution prohibits streaming operaioand no
unauthorized access to the plug-in is supportedulting in
decreasing the range of the users who may potigntaatess the
plug-ins, unlike in case of a web application.

Both described technologies, Servlet and JavaGASeda are

complementary and offer LarKC plug-ins a broad #pec of remote

execution scenarios. The choice of the concretgesty depends on
the application use case, addressed user comnuuratewell as
available resources for plug-in deployment.

6. CONCLUSION AND OUTLOOK

The LarKC platform architecture has been designé the main
goals of openness, flexibility and scalability. ke same time, it
must satisfy the requirements imposed by the Lank€ cases, which
will be its first large-scale users. Therefore, radeoff must be
reached between flexibility (loosely coupled compats, flexibility
and dynamicity) and performance and scalability rfgcessary,
through a tailored solution to the concrete use)xas

In its current implementation state, the platforiready provides a
high level of flexibility, performance, and scalltyi Users are able
to create own plug-ins and workflows or reuse @gstomponents
(plug-ins) or examples (workflows) for reasoningepJarge-scale
semantic data sets. Through the service-orienteijlethe platform

allows for easy and automatic deployment and ei@tudf certain

plug-ins on multiple host infrastructures. This wéemore powerful

resources can improve the performance for cer@inptite-intensive
tasks like full closure computation of large-scRBF data sets. In
addition to its performance benefits, scalabiligy dlso enhanced
through this distribution of plug-ins, which can bpecified in the

workflow construction phase.

The distribution of the workflow's load paves theywtowards the
parallel execution of the identified parallel braas and loops, that
can be done both on multiple distributed hosts. (eigh MPI or
MapReduce) or even on a single local machine (®ygmeans of
multithreading). The latter can be beneficial foe ise cases running
on real or near real time scale, whereby distriby@cessing of data
is increasingly ineffective, such as in case of thban Computing
application presented. For the tested applicatiapplying of the
parallelization techniques even on a single mactailews the
application to increase the performance in seugras; more details
about performance evaluation for some time criticeg# case can be
found in our previous publications [30],[31],[32]n particular,
especial interest arises around applying the Histed parallelisation
techniques, such as MPI and MapReduce, as well yd®idh
techniques combining several strategies (e.g. thréading with
MPI). We'll also keep on investigating and publigiion this topic.

Besides, during the remaining project period, waik continue on
the development of a distributed data layer, whashitecture has

12 http://gforge.cs.vu.nl/gf/project/javagat/

been driven by use-case performance needs, anéxperience in
working with the currently available platform. Wallwalso further

investigate the application of parallelization tecfues for e.g.
ontology matching [30] and the support for rematecaition on a
wider variety of resources and under a wider rasfgearallelization

models. Research will continue on the definitiooguimentation and
support of design patterns, providing best prastared guidelines for
LarKC users (mainly workflow designers and plugdiewelopers) to
take the maximum advantage of the LarKC platformatees,

achieving the needed level of performance for thegiplications.

Finally, all LarKC project use cases as well adlitanal and newly
emerged reasoning techniques (i.e., logic-basedybapilistic

reasoning versus incomplete, cognitively inspireaisoning) shall be
migrated as rapidly as possible to the LarKC sp=tibn in order to
make use of the advanced capabilities providechbyptatform, and
to maximize the rate at which those capabilitie®hey towards

supporting true Web-scale reasoning.
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