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EXECUTIVE SUMMARY

The aim of this deliverable is to present the ahitiesign of the LarKC overall architecture. The
architecture design has taken place in paralldbtm with feedback between) the initial prototype
implementations. For this reason, some of the nadterthis deliverable already goes well beyond a
mere technology-agnostic architecture design, andeady discusses technology-related
implementation options. The LarKC architecture kaslved from a simple linear pipeline, at the
beginning of the project, towards a flexible wookil concept, with the corresponding support
components for composing and managing it.

The LarKC platform has been designed to be a flexphug-in architecture which enables design and
testing of new reasoning techniques. Thereforemis&o be open, flexible and scalable but, at the
same time, fulfil the requirements imposed by tle#KC Use Cases which will make use of it.
Therefore, it must allow a trade off between fldikipand performance. In order to achieve thig th
platform is composed by loosely coupled pieces wtace well integrated through well defined
interfaces: Data Layer, with its corresponding AfBt, the storage and exchange of data; the Plug-in
API for the interaction with external plug-ins; BHn Registry, which keeps information about
available plug-ins, and the Workflow Support Systetilities, which enable Decider plug-ins to
construct, execute, and manage a LarKC Workflows.otder to take advantage of different
computing resources, where platform and plug-ing tma executed, the Resources Adapters have
been introduced, which hide the complexity to de#th heterogeneous and distributed executions
environments.

Scalability of the platform is being consideredey kssue. For that purpose, different strategies ar
being investigated and taken into account in tlafqm architecture design: scalability through the
data layer, by means of distribution, redundancy Ead balancing strategies; scalability through
parallelization and distribution of plug-ins, apiply different techniques coming from the high
performance and distributed computing fields.

Additionally, a traceability of the requirementseidified in the initial project phase has been
performed, in order to ensure that all requiremargsfulfilled by the platform components.
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1. Introduction

The aim of this deliverable is to present the @hitlesign of the LarKC overall architecture. This
design is mainly based on the requirements idedtifn deliverable D5.3.1 [5], in the lessons ledrne
from the rapid prototyping phase and in the inpdeived from the plug-ins and use cases WPs
(WP2, WP3, WP4 and WP6, WP7a, WP7Dh).

In the same way as D5.3.1 and, due to the factthieafrchitecture design has taken place in paralle
to the initial prototype implementations (givingetiback to each other in a continuous iterative yay)
some of the material in what follows already goesllvweyond a mere technology-agnostic
architecture design, and already discusses teciyrobdated implementation options. In order to
maximise the utility of this document, we have aditficially separated these, but are presentirgpsu
design and implementation options together.

The document is structured as follows:
Chapter 2 gives an overview of the LarKC Architeefwgoing through its evolution since the
pipeline concept at the beginning of the projentjlthe current architecture view.
Chapter 3 describes the LarKC Platform subsystents its interfaces. Most of what is
described in this chapter is already implementegbatsof the LarKC prototype.
Chapter 4 aims to introduce the computing enviramnsieupported by LarKC as well as the
platform features which make possible their intégra This is currently work in progress
within the LarKC prototype.
Chapter 5 introduces the concept of scalabilityhimitLarKC and describes different
strategies to address it. This is currently worriogress within the LarKC prototype.
Chapter 6 maps the requirements identified in dedillle D5.3.1 [5] with the Architecture
components which make possible to fulfil them.
Finally Chapter 7 provides some conclusions abletwork performed on the architecture
design and gives some hints about the next stelps performed.
Appendix A Glossary provides a short definition smme of the LarKC Architecture related
terms that will appear all along this documenta asipport for the reader.

The content of this deliverable will be the basisthe next prototype release, D5.4.1 Initial reéeaf
the LarKC platform (due M24), and the next arcHilee deliverable, D5.3.3 Final LarKC architecture
and design (due M36).

2. LarKC Architecture Overview
2.1. Realising the Architecture
The LarKC architecture has evolved from a simphedir pipeline, at the beginning of the project,

towards a flexible workflow concept, with the capending support components for composing and
managing it.
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Figure 1 Initial LarKC plug-in architecture

The original idea of the LarKC overall architectuae seen on Figure 1, was to have a linear sequenc
of plug-ins which result is, at the end of eaclaitien, checked by the Decider plug-in. The Decider
then decides whether another iteration of execuiaequired, or results can already be returned by
the platform. This approach has been soon seemtafierible and effective enough, since it only
supports the repetition of all the steps, but dumssupport returning to an intermediate pointhaf t
loop. It was fixed in the next iteration of the laitecture (Figure 2). Note that the letters R, A|,
stand for Retrieve, Abstract, Select, Inferencea@®a) and Decide from Figure 1. Additionally, note
that in the following figures solid arrows represdata flow, while dashed arrows are control flow.

v

-

Figure 2 LarKC plug-in architecture v2

However, it seemed much more plausible that comtegisions need to be taken in between every
step, potentially. This lead to the third architeet version, where the DECIDER had become a
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"meta" plug-in, which is able to make control dems at any point in the plug-in workflow (related
to different aspects of the execution, such asityuaf the results delivered by a certain plug-in,
resources where to execute it, etc). This is ptedeon Figure 3.

Figure 3 LarKC plug-in architecture v3

The transitions from original architecture to versias seen on Figure 3 were all made in the early
stages of the project before we even had the spabtetype or any plug-in beyond test purposes.

Next step in the architecture evolution was thengeaof plug-ins names (Figure 4). The main reason
of this change was to better reflect their funddgg. This version 3 was used as the base plug-in
architecture while developing the first versiontleé prototype. This is explained in more detail in
deliverable D5.2.1 [6].

Figure 4 Plug-in architecture v3 with new plug-in rames

Driven by the needs of newly developed plug-ins andkflows, especially those used in the use case
scenarios and the development of the Data Layeratbhitecture evolved even further. One of the
important changes was related to the improved am@ rommon and flexible Data Layer structures,

which were passed between the plug-ins. In this stege of the architecture, the workflow architects

or deciders are able to compose and use more lgewitrkflows and also to use more plug-ins of the

same type in the plug-in workflow. One example wérsa workflow is presented on Figure 5 and is

currently implemented in LarKC alpha 1 release.
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However, v4 is not the latest workflow architectuviotivated mainly by the implementation of some
use cases, it was identified the need of the damaltiplexers” (data joiners/splitters), which make

possible to have tree-like workflows (with joiniend splitting branches) and thus parallelize some
tasks and then connect or split some plug-ins t®stihis architecture is currently under developimen

and will be included in one of next LarKC prototyysdeases. A possible example (out of many) can
be seen in Figure 6.
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Figure 5 LarKC plug-in architecture Figure 6 Parallel LarKC plug-in architecture (v5)

v4

One more thing that is still being considered iA&t which will allow the plug-ins to ask queries t
other LarKC platforms, or to their hosting platforamd thus establish a sort of recursive query
answering (having a nested architecture). This sme extent already possible in the current eersi

of the platform.

2.2. Overview
The LarKC platform was designed to be a flexiblagpin architecture which enables design and

testing of new reasoning techniques. The reasoimngarKC is broken down into a workflow of
several steps, as described in the previous sectitach step corresponds to one plug-in type dnd al
together, as a workflow, can handle reasoning tagre knowledge bases. The plug-ins workflow
requires some support for its composition, instdiin, monitoring and control, which is provided by

the platform. Figure 7 shows an overview of thek@rArchitecture.
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Figure 7 Architecture Overview

Platform and plug-ins functionality is well differéated, in order to achieve highly scalable
deployments. The plug-ins connect to the platfannough a Plug-in API. They can access the data
through the Data Layer API, a scalable refereng@gamentation which is provided with the platform.
Workflow Support System provides support for mangghe plug-ins in the workflow. The plug-ins
and the data sources can reside either locallyhensame machine as the platform or can be
distributed and accessed remotely (see sectio? Bdetails on distributed and remote execution).

A registry of all available plug-ins is kept in BHn Registry together with their semantic
descriptions. This descriptions can be used bylhttorm when deciding on what is the optimal set
of plug-ins for a given query (e.g. based on typpredicates or assertions involved in the quety a
specific time (e.g. by taking into account currboad of server on which plug-ins are running and
correctly balancing it).

The platform does not contain any plug-in by itseifl the reasoning functionality (not only limited
to the reasoned plug-in itself) comes through traldination of a set of plug-ins in a workflow.

A detailed description of the architecture subystemd their interfaces is provided in chapter 3.

2.3. Hierarchical representation of the LarKC Overa Il Architecture

Functionally, the LarKC architecture is comprisédonr main domains (see Figure 8):
Application/user domain (and other external systemisch may interact with LarKC):
includes application interfaces through which thd-asers interact with LarKC

Platform domain: includes platform utility functiality (plug-in registry and workflow
support system, including plug-in managers andratlilities), Data Layer, Data Layer API,
Plug-ins APl and support components for distributiand remote execution (LarKC
middleware adapters), as well as other possiblensiins (Developer extensions) that
external developers may need for supporting thgdlieation. Platform domain components
are described in chapter 3
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Plug-in domain: includes the plug-ins themselves,standalone components, which are
registered in the LarKC platform (through the plogegistry)

Resource domain: includes computation and storagities for running workflows and
plug-ins as well as storing datasets (includingperary and buffer stores). External data
sources are accessible to the plug-ins and platfinmough the Data Layer API, and
computational resources are accessible to the ipjugind platform through the LarKC
middleware adapters

Figure 8 The hierarchical view of the LarKC architecture

Details on the different components representatierabove figure are given in the next chapters of
this document. A detailed description of the plogdiomain is out of the scope of this document,
being the plug-ins WPs (WP2, WP3 and WP4) resptsibdetail internal plug-ins issues. The same
applies to the application domain, which is resgulity of the use cases WPs (WP6, WP7a and
WP7D).

3. The LarKC Platform Domain: Subsystems and Interf  aces

This chapter described the subsystems and interfaitkin the LarKC Platform Domain. Most of the
material described here is already implemented first stage, in the alpha version of the current
LarKC prototype. Due to its “alpha version” natuimprovement in the implementation is still
foreseen in the next prototype releases.

3.1. Data Layer

LarKC Data Layer is a service that specify and enptnts a common data model to be used by all
platform plug-ins. The model is defined in comptanwith a number of W3C specification and
recommendations, [27], [28], [29], [30]. The dadgdr implementation is fulfilling the LarKC data
model specification, [31].

The data layer is responsible to automate variag&st and features. These features are already
implemented as part of the LarKC Data Layer prqiety

Persistence storage to RDF data- the implementation provides efficient and scialab

support of RDF data; a detailed overview and stétfre-art evaluation is documented in

LarKC deliverable D5.5.2 [7].

Reference implementation of ORDI data model the labelled group of statements is an
extension of RDF data model that enables the $etect arbitrary sets of statements; this is a
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powerful mechanism for graph activation, see spngadactivation details in LarKC
deliverable D2.2.1 [8] or other forms of informatiselection.

Passing data by value or reference different types of implementation allows the huge
loads of data exchange between plug-ins with tHp bE ORDI data model primitives or
SPARQL datasets if applied to remote SPARQL endpoin

Resolvable RDF data identifier —Linked Data principles state that every identifienst be
resolved, [32]; the named graph data type allovesttAnsparent transfer, content negation
and processing of remote valid URI if resolvablettoa web.

Retrieval data exposed via standard SPARQL endpoist — standard implementation
supports the access of arbitrary RDF databaseSRARQL protocol; the output of SPARQL
endpoints could be used as a input to plug-ins.

Optional forward-chaining reasoning —input/output insensitive operation like inferenge o
insensitive selection could be tightly coupled vitib data layer implementation

Interfaces that allow streaming data processing -all data layer interfaces allow the
implementation of streaming mechanisms for the amgh of large volumes of information.
Utility methods to query remote data or multiple daasets —very often RDF data is
published on the web without the support of rengpterying.

From the list of functionality automated by the alddyer we can derive three types of RDF data
providers. The most restricted provider, from actional view point, is the RDF data published on
the web. Based on the existing protocol specificathe data could be simply retrieved and processed
as named graph. The SPARQL endpoint specified9hiR2another form of RDF data provider that
features also a query language and service protatath guarantees a more efficient remote query
execution (e.g., the dataset must not be transféoaally). This provider can be used by the platfo
plug-ins to ensure read-only access to a majorgfdite existing RDF store systems. Lastly, thedthi
provider is an RDF store service and extends thARSR. endpoint with the support of data
modification operations and labelled set of stat@sie.g., the LarKC data model specified in [31].

The LarKC platform is designed to cover various kflonw execution scenarios. Thus, we consider
multiple deployment scenarios that depend on tleelsiéor an efficient communication between the
workflow process and the data layer. Hence, thiregegjies to bring data processing closer to the da
itself are being considered:

1. Low-level RDF API (LORAPI) — LORAPIs are aimed toseire a very efficient data access
with functional operation that stands closer todtarage engine internals rather than the RDF
standard protocol specifications. For instance, ¢buld be a simple statement pattern method
rather than a SPARQL query (e.g., the overheagarse, validate and optimize the query are
ignored). The approach is well combined with thplogment of the LarKC platform into a
single system process, where the inter-process cmication is eliminated.

2. Java Stored Procedures (JARSTOP) — The storedgue are another mechanism to push
data processing logic closer to the data. In actlpilatabase application setup the logic to
manage the data is isolated into a separated [ocas prevents data corruptions or loss
caused by errors in the application that consumesrformation. A pragmatic approach to
integrate JARSTOP in the data layer is the useavh Xode that implements a generic
interface compatible with the SPARQL extended fiomcsyntax.

3. REETON (RDF Store Extension) — In usage scenarltd trequire very intensitive
input/output communication driven by a non-triviagic (for instance spreading activation
selection plug-in) the storage engine could bersldd with the plug-in logic. For a detailed
description please refer to [7].
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3.2. Data Layer API

The Data Layer API is a Java language interfacectess data layer functionality. The API defines
an abstract factory, types to specify the RDF dgi@ry types and query result processing. Figure 9
outlines the class hierarchy to capture the spityifof the different RDF types.

Figure 9 Data Layer API class diagram

To customize the default data layer implementaitiés possible to reimplement the DataFactorylmpl
class and change the overall system behavior.

SetOfStatement is the super interface where all B&t& types. It is designed with streaming support
in mind.

public interface SetOfStatementsxtendsinformationSet {

public Closeablelterator<Statement> getStatements();

Figure 10 The most abstract RDF data type

Here is a reference of the estimated size of memeaayired to pass 1 million RDF statements using
the different SetOfStatements implementation:

SetOfStatementsimpl — default in memory implementation; passed by vaheguires
about 350 MB of memory;
RdfGraphinMemory - default named graph implementation; passed by yakmuires

about 350MB of memory;

HTTPRemoteGraph — named graph retrieved from URI; passed by referemequires few
KBs of memory;

RdfGraphDataSet — named graph retrieved from a remote or local SPARQUpoint;
passed by reference; requires few KBs of memory;

DataSet — a collection of named graphs from a remote or ISRARQL endpoint; passed
by reference; requires few KBs of memory;
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LabelledGroupOfStatementsimpl — a group of arbitrary RDF statement selected by
various critierieas; passed by reference, requd@esKBs of memory; requires ORDI model
compatible implementations;

3.3. Plug-in API

The aim of the LarKC Plug-in API is to provide anscstent interface that all plug-in developers must
conform to. The benefit of having a common API thihtdevelopers must conform to is that it makes
it easier for plug-ins to be combined togetherarorf workflows and plug-ins can be easily plugged in
or out to substitute other plug-ins when necessiing API consists of five plug-in types, each of
which will be explained in this section. For brgvibe interface of the classes are described ia Jav
syntax; however it should be noted that this da#scanstrain the language in which plug-ins can be
written.

All LarKC plug-ins implement a common interface,ialnis called the Plugin interface. This is the
interface between the Platform domain and the Riudpmain, as in Figure 8. It provides access to
the functionality that is common to all plug-in 8% The Plugin interface can be seen in Table 1
below. From the table it can be seen that, all qohsgare identi ed by a hame, which is a URI, and
that plug-ins provide Quality of Service (QoS) imfmtion regarding how they perform the
functionality that they oer (for more information on QoS parameters beingsered, see [9]).

public interface Plugin {
public URI getldentifier();

public QoSInformation getQoSinformation();

}

Table 1 The Plugin Interface from the LarKC Plug-in API

Before going on to describe each of the plug-inegyn detail, it is worth mentioning two core
concepts that appear frequently in the plug-in API:

Contract: A contract allows for instructions, regjag the dimensions of the output that a
plug-in should produce, to be communicated froneadkr to a particular plug-in. The type
of instructions will depend on the type and funelity of the plug-in itself. For example, the
contract may describe the quantitative dimensiohshe output that the plug-in should
provide, e.g. the plug-in should return the nexrdgults, or may describe the quality aspects
of the results to be returned, e.g. the plug-inukhoeturn the next set of results where the
confidence in each result must be above a cetia@siiold.

Context: LarKC plug-ins are considered to be statelsuch that they can be more easily
distributed, parallelized, and load balanced. Tiwatext provides a means for stateless plug-
ins to store a state that can be communicated toealdecider. This state can then be sent to
the same plug-in or a different plug-in of the sayme, such that a particular task can be
continued starting from the state at which it wes/jpusly stopped.

3.3.1. Identify

Given a specific query the Identify plug-in willadtify those Information Sets that could be used in
order to answer the users query. Thus the Identifieg-in is used for narrowing the scope of a
reasoning task from all available information saisthose information sets that are capable of
answering the query. The interface of the Identifileg-in can be seen in Table 2 below. The plug-in
takes a query as input and produces a collectiomfofrmation Sets as output according to the
provided contract. The contract is used to spettify dimensions of the output, for example the
number of information sets that should be found] #me context is used to communicate state
information between different calls to an identifie
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public interface IdentifierextendsPlugin {
public Collection<InformationSet> identify(Query g, Ccanit c, Context co);
}

Table 2 The Identifier Interface from the LarKC Plugin API

3.3.2. Transform

The Transform plug-in is capable of transformingnsopiece of data from one representation to
another. In the LarKC API we distinguish betweere ttransformation of queries and the
transformation of Information Sets. Thus there tare transform plug-in interfaces within the API,
namely the QueryTransformer and InformationSetTamer.

The interface of the QueryTransformer can be sedrable 3 below. The QueryTransformer plug-in
thus can take a Query as input and produce a squearies as output according to the provided
contract. The contract is used to specify the dsmes of the output, for example the number of
queries to generate from the input query. The ctnés always, is used to pass around the state, e.
which queries have been generated in previougiitesa

public interface QueryTransformeextendsPlugin {
public Set<Query> transform(Query g, Contract c, Context
}

Table 3 The QueryTransformer Interface from the LarKC Plugin API

The interface of the InformationSetTransformer che seen in Table 4 below. The
InformationSetTransformer plug-in thus can take laformation Set as input and provides the
transformed information set as output accordinght provided contract. The contract defines the
dimensions of the output Information Set, e.g. many RDF triples to extract from the input natural
language document in order to produce the output RIbaph. The context is used to pass around
state between plug-ins.

public interface InformationSetTransformexxtendsPlugin {
public InformationSet transform(InformationSet i, ContracContext co);
}

Table 4 The InformationSetTransformer Interface from the LarKC Plugin API

3.3.3. Select

The Select plug-in is responsible for creating keci®n over the input statements that should be
reasoned over to answer the users query. Theaotedf the select plug-in can be seen in Table 5.
The Select plug-in takes a SetOfStatements as, iigarttifies a selection according to its stratagy
returns another SetOfStatements according to therasti. The contract is used to define the
dimensions of the output, e.g. the size of thectiele to take. The context is used to pass arobed t
state between plug-ins.

public interface SelecteextendsPlugin {
public SetOfStatements select(SetOfStatements s, Cogtr@&cntext co);
}
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Table 5 The Selecter Interface from the LarKC Plugn API

3.3.4. Reason

The Reason plug-in executes a given SPARQL Queamnaga provided SetOfStatements. The
interface of the reasoner plug-in can be seen inleT& below. The Reasoner supports the four
standard methods for a SPARQL endpoint, namelycsaliescribe, construct and ask. The input to
each of the reason methods are the same and isdivel@uery to be executed, the SetOfStatements
to reason over and the contract, which definedb#t®viour of the Reasoner. The context is used to
pass state between different instantiations of w-pl. The output of these reasoning methods
depends on the reasoning task being performed.s€heet method returns a Variable Binding as
output where the variables correspond to thoseifggbdn the query. The construct and describe
methods return RDF graphs, in the first case thaply is constructed according to the query and in
the second the graph contains triples that desthibevariable specified in the query. Finally ask
returns a Boolean Information Set as output, wiscinue if the pattern in the query can be found in
the SetOfStatements, or false if they cannot.

public interface ReasoneextendsPlugin {
public VariableBinding sparglSelect(SPARQLQuery g, SetatSnents s, Contract ¢, Context co);

public SetOfStatements sparglConstruct(SPARQLQuery @QfS¢atements s, Contract ¢, Context co);
public SetOfStatements sparglDescribe(SPARQLQuery q,fSé€@ments s, Contract ¢, Context co);

public BooleanInformationSet sparqlAsk(SPARQLQuery q(B8tatements s, Contract ¢, Context co)
}

Table 6 The Reasoner Interface from the LarKC Plugn API

3.3.5. Decide

The Decide plug-in is responsible for building amdintaining the workflow containing the other
plug-in types, and managing the control flow betw#ese plug-ins. The interface of the decide plug-
in can be seen in Table 7. The interface of theidgeplug-in is very similar to that of the reason
plug-in (as LarKC is a platform for large scalesaaing and as such can be viewed as a reasoner).
The major difference is that actual data to reama@r is not explicitly specified. As the decidethe
external interface of the LarKC platform, no contr@r context information is provided in the
interface. Instead, the end user can provide quafitservice (QoS) parameters that can guide the
decider in the selection of plug-ins for answeliihg query, and enable the decider to know when to
stop. For example, the end user can specify théamam number of results that should be returned,
the maximum amount of time that the workflow maketdo answer the query, etc.

public interface DeciderextendsPlugin{
public VariableBinding sparglSelect(SPARQLQuery q, Qo@Rwters p);

public SetOfStatements sparglConstruct(SPARQLQuery g,Racsneters p);
public SetOfStatements sparqlDescribe(SPARQLQuery q, Qabfeters p);

public BooleanInformationSet sparqlAsk(SPARQLQuery g, Basmeters p);
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Table 7 The Decider Interface from the LarKC Plugin API

3.4. Plug-in Registry
The Plug-in Registry is a part of the LarKC platipriwhich stores and provides the platform with the
registered plug-ins, their locations, accessibdityd semantic descriptions. It belongs to the étaif
Domain shown in Figure 8.The Plug-in Registry ftsedivided onto three main parts:

Plug-in and plug-in ontology importer

Knowledge Base (KB) for storing imported data

API for retrieving the data about plug-ins

The first part come into use, when the new plugsirregistered to the platform. As stated and
described with more detail in LarKC deliverable 81.[9], each plug-in comes with its SAWSDL
description file, which describes the plug-in irsimilar way as web services are (this was done to
maintain possibility that plug-ins are implementasl web services). From this file, the LarKC
platform extracts the name, location, type of theygin and also the pointer to an RDF file, which
contains the plug-in ontology with the detailedatgsgion of plug-in inputs and outputs, its behayio
speed, QoS information and all other relevant @éatéhe platform. Currently the RDF file must be in
the turtle RDF format.

The plug-in information retrieved from SAWSDL an®dR files is stored in the Plug-in Registry
Internal KB, separated from the platform data laydrich is intended to store the processing data of
the plug-ins). The Internal KB is preloaded withaaKC ontology, which makes easier to import and
also to extend the plug-in ontologies. The ontolagyrently consists of some basic sentences,
defining collections and predicates which are usedescribe the plug-ins. The plug-in registry KB
was built on top of Cyc’'s KB structures, which makecacheable, easy to manipulate, fast to access
and retrieve, and prepared for a reasoning tasktsalinost no additional costs. It is also quitelwel
connected with the internal platform’s reasoningadalities, which can be used by the decider plug-
ins. This adds an additional value to the Decidgossibility of manipulating the registered plug-in

Last part, and possibly most important for the pkrg-in writer and/or workflow constructor) iseth
API, which is the entry point into the plug-in regy. It is currently still under development, srite
LarKC ontology is still evolving and creating addital uses of the plug-in registry. Currently the
API consists of the following methods:

Table 8 The Plug-in registry API, taken from Javada

Collection<Plu| askPluginQuer{string _query)
gin>

Result of this method is the list of the pling; based on the query passed as input. The
can already be the workflow if the query is askiogthat, or jst plain list, for example th
list of all Reasoners.

This method can already take an advantage of thopin's internal reasoner (see section
3.4.1) and answer more complicated queries bas€b&and other plug-in parameters.

The query have to be in CycL format, but this isrsto be switched with SPARQL
Plugin getNewPlugininstang¢8tring pluginindentifier)
Deprecated.

Generates and returns a new instance of plug-iadbas String identifier. This is deprecated
because plug-in are identified by URI. It will reveal from the API as soon as afltbe old
plug-ins will have URI identifiers.

Class<Plugin>| getPlugininstand&RI pluginindentifier)

Returns a class of the plug-in based on its URitifler
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Collection<Plu| getRegisteredPlugifls
gin>
Returns the list of all registered plug-ins
void loadPluging)
Load and register the plug-ins from the platfornnisfile.
void registerJavaPlug{t/RI _pluginName,String _endpoint, String _class)
Register the java type plug-in and it's endpoitt the internalKB
void reqgisterPluginWsdBtring strLine)
Reads the plug-in wsdl file, and registers the appate rdf and plug-in
void setDecidg(Class<Decider> theDecider)
Sets the current decider for the platform. Platf@an only run one decider at the time. The
method startDecider() have to be called after éie s
Decider startDecidef)
Starts the current decider

3.4.1. Internal Reasoner

The Internal Reasoner is part of the Plug-in Regiand, therefore, part of the Platform domain in .
Figure 8. This part of the platform is derived frame reasoner which is also used in OpenCyc. It has
the same capabilities, except it only have the resdwhich are relevant to LarKC. It is directly
connected to the Plug-in registry KB and provides meta-reasoning capabilities to reason over the
imported plug-in ontologies. To the plug-in devedop it is also exposed as an askPluginQuery
method (Table 8).

3.5. Workflow Support System

The Workflow Support System is a collection of itis within the LarKC Platform that enables
Decider plug-ins to construct, execute, and marabarKC Workflow. The aim of the system is to
make it easier for decider plug-in writers to glyc&nd easily build workflows from existing LarKC
plug-ins. It is part of the Platform domain in Rigu8 and its components can be found in Figure 7.
The Workflow Support System is made up of the feitg utilities:

3.5.1. Plug-in Managers

A Plug-in Manager is the part of the Workflow SugpBystem that is responsible for managing the
execution of a particular plug-in. In this roleugdin managers simplify the plug-in implementation
by removing a large number of concerns from theguwriter. Whenever a plug-in is used inside a
workflow it is wrapped inside a plug-in managetook sort or another. There are two sorts of plug-in
manager implementations currently within the LarRi&atform:

Local Plug-in Manager: The local plug-in managerdasponsible for executing the plug-in
that it manages within the local environment, ¢hg. local Java virtual machine. It runs the
plug-in within its own local thread, and takes cafall threading issues. It also handles the
flow of both data and control flow with plug-insfbee it and after it in the workflow. This
plug-in simplifies the life of plug-in writers, @hey do not need to worry about where the
input data is coming from, where the input datgoesg to, or synchronising its execution
with other plug-ins in the workflow.

Stub and Remote Plug-in Managers: The remote pluganager is responsible for executing
the plug-in that it manages outside of the localiremment, e.g. on a node in a computing
cluster. The stub plug-in manager runs locally delegates all of its internal functionality to
a remote plug-in manager running at another lonatamilarly to the local plug-in manager,
the stub plug-in manager is responsible for thregdiata flow, and control flow. These plug-
ins also hides the job of marshalling and unmalisigpmessages that are sent between the
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remote and stub plug-in managers. There will betiplalstub and remote plug-in manager
pairings within the LarKC platform that operate pddferent communication paradigms, e.g.
Web services, http, ssh, etc. See section 5.3 2doe information on remote execution.

3.5.2. Plug-in Instantiation

The Workflow Support System is using the Plug-ingiRey’s factory methods to enable the

instantiation of plug-ins based on their URI or Ggentifier. This is achieved by locating the

corresponding java Class object from the internap rand invoking the getPlugininstance() method.
These methods are provided to allow Decider writersasily instantiate plug-ins by name, or in the
future by the use of any other meta-data.

The process of instantiating the plug-in variesetigling upon the requirements of the Decider. If the
Decider requests the plug-in to be run locallynttlee new plug-in instance will be created and
wrapped in a local plug-in manager; however if Brexider requests the plug-in to be run remotely,
then the new plug-in will be created on the renedever, which is wrapped in a remote plug-in
manager, and a local stub plug-in will be createat points to the new remote plug-in. The plug-in
manager sent back to the Decider can then be witedhe workflow.

3.5.3. Queues and Multiplexers

The queues and multiplexers as part of the Workf®wpport System provide the mechanism for

connectlng different plug-ins together within a Wftow.
Queues provide a simple mechanism allowing plugtinsend and receive data or control
messages to and from the plug-ins immediately betorafter them in the workflow. The
current LarKC prototype implementation already uge queues.
The multiplexers provide a mechanism for splittifgining, or distributing messages, for
example where one plug-in sends out a single mesdhgt must be sent on to multiple other
plug-ins or where the output of multiple plug-insishbe combined before sending this data
on to the next plug-in in the workflow. The quewssl multiplexers thus make it easy for
decider plug-in writers to build the plumbing beemedifferent plug-ins, created through the
plug-in factory, in the workflow. The current LarK@rototype implementation does not
include multiplexers as separate utilities yet, the implementation is done as part of the
decider. In future releases, the decider plug-ith mdave the multiplexer utility available as
part of the platform.

3.5.4. Logging

The Workflow Support System provides a unified lioggsystem for the use of plug-ins such that
plug-in writers do need to create their own sohsiolhe infrastructure provides facilities for nags
logging messages of different sorts, e.g. ERRORRNING, DEBUG, and INFO. Decider plug-in
writers can thus use a single logging point forudgling and checking their workflows, rather than
having to navigate individual log files from thdfdrent plug-ins that make up the workflow.

4. The LarKC Resource Domain

LarKC will potentially support a variety of resoescwhere components (both plug-in and platform
components) and data are executed and storedctieghe Different computing environments are

foreseen to coexist within LarKC at the same timhbich also implies support for distribution and

remote execution (as described in section 5.3). fiflewing sections describe which concrete

environments will be supported and the necessatuffies the platform must offer to support the
execution of the platform and / or plug-ins in hjggrformance computing and distributed computing
environments. Note that this is work in progressd aesources adapters to support all kind of
resources mentioned in this chapter have not beplemented yet.

Page 25 of 50



FP7 - 215535
Deliverable 5.3.2

4.1. Computing environments supported by the LarKC architecture

The LarKC platform enables a wide spectrum of caingu environments for the platform
components and plug-ins execution. Along with tlseruocal machine, the following computing
environments are foreseen:
High Performance Computer environment
It contains commodity clusters of multicore SMP e®a@s well as dedicated supercomputers.
In order to use these systems, a user should haxadich account which is used by the
corresponding remote adapter.
Grid environment, including
0 Service Grid infrastructures (like the one set yphe EGEE [25]).
0 Supercomputing infrastructure (like the one depibgiad operated within the DEISA
project).
o Desktop Grid - contains network-connected desktomputers; volunteer private
resources donated for the execution can be opljomatiuded as well (Volunteer
Grid).
Cloud environment
It provides a pool of on-demand architectures, wismme of the previous resource types are
included (e.g. the Virtual Machines offered by AmaZEC2 [24]).

Due to flexible resource adapters (see section th@)LarKC architecture allows for optimal resaurc
scaling as well as easy integration with furthesoteces added to the infrastructure. A mechanism
enabling optimal tasks mapping and resource utitimawill be elaborated as well.

4.2. Platform Support features: Resources adapters

As shown in Figure 8, it is envisioned that a vigrief computing environments are supported by
LarKC for the execution of its components, beingsth platform components and plug-ins. The
component interoperability with the resource domaiwhich is achieved by means of the remote
managers defined in section 4.3.2, should allonafpossibly wider set of resources, listed in secti
4.4.2. Whereas we keep the plug-in manager reiglizats abstract from the resource architecture as
possible (in order to ensure the platform lightus)igseveral access policies might be considered
when transferring files (scp, gridftp and othertpowmls) and executing components (for example, as a
batch job submitted through the ssh) on a remateuree, though. For this purpose, the LarKC
platform includes an intermediate resource ac@&s kcomposed of special resource adapters, which
are generic interfaces to a remote system. In Ei@uthe resources adapters are part of the LarKC
middleware adapters. These interfaces enable aafett® plug-in managers to a collection of
computing nodes (available through the Local Resolrlanagement System, see below) and data
storage resources, which can be simple disk serlage disk arrays or tape-based Mass Storage
Systems. Some of the aspects that should be cobgrte resource adapters are following:
0 resource access protocol
sshfor a HPC or cluster’s frontend node and Grid Ustgrface node
gsiftp for a Grid Storage Element
0 data transfer protocol
scpfor a HPC or cluster system
gridftp , gsiftp for a Grid Storage Element
0 LRMS (Local Resource Management System)
PBS/Torque based|.SF, Condor for a HPC or cluster system
gLite, LCG, Unicore, Globus middleware for a Grid Computing Element
BOINC, Xtrem Web middleware for Desktop Grid solutions
necessary support for cloud resources (like thes gmmevided by Amazon [24])
might be implemented as an extra feature as well

The plug-in managers together with extendable plugesource adapters will create a highly

configurable user-centric development environmeamt lfarKC and hence make up a core of the
LarKC middleware.
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For the implementation of the plug-in resource &ei@pseveral possibilities have been considered.
The first tests have revealed that the most praxgisblutions for using in LarKC are ones provided
by JavaGAT and COMPs frameworks. At the time otiwgi this deliverable, we are investigating the
features of those frameworks and their fulfilmehthe LarKC requirements. A detailed description
of the chosen solution, as well as its integratiothe LarKC overall architecture, will be includad

the next version of the architecture deliverable.

5. Addressing Scalability

Different strategies to address scalability witharKC are being investigated. In this chapter firfs

all, a definition of scalability, and how it is usrdtood within the LarKC framework (mainly within
WP5, but considering as valuable input the res\M#fs opinion), is given. Afterwards, different
strategies for addressing scalability are descrilliedchust be noted that this is work in progress.
Therefore, the implementation of those strategiesuirently being designed and implementation is in
an early stage.

5.1. Scalability within LarKC

LarKC Platform scalability must consider the foliogy dimensions, for a given fixed deployment:

Size of the problem: volume of data processed per tequest (in terms of e.g. number of
triples)

Complexity of the problem: complexity of (reasonjitgsks per user request (in terms of
e.g. logic used, i.e. RDFS is computationally cleedpan OWL-horst, or e.g. in terms of
guery complexity, i.e. some queries may requirg espensive joins while others not)

Concurrency of user requests: number of usersaictieg at the same time

Volume of data indexed/processed/stored in totdliwithe platform Data Layer: this
should give an indication of the maximum pract&gtem size

Number and nature of supported hw resources wherplatform components and plug-ins
can be executed

Number of supported plug-ins: number of plug-ingolhtthe platform it is able to register
and manage during the decision and workflow constin and execution processes

All dimensions being equal, scalability should beasured in terms of certain metrics, which
determine the performance (e.g. time taken, of Cad€ whole to answer an average user request),
when one of the dimensions varies. We are integtentnly in two issues related to scalability:
The degradation in LarKC performance by changingtvitthas to do (the problem
parameters: size, complexity, concurrent useral taita volume)
The improvement in performance by changing the IGdénfiguration (the resources
parameters: hw resources, supported plug-ins, andliey are combined)

For example, an analysis of the platform scalagbghould determine how much does LarKC slow
down as:
the volume of data processed for each user requeetses
the complexity of each user request increases
the number of concurrent users increases
the number of hw resources decreases
the number of plug-ins to be managed increases
the volume of data (pre-)loaded in the Data Layergases (e.g., a system may be able to
answer queries very quickly but take a very lonmetito start up, with a high
setup/indexing/preprocessing time)

In a well designed LarKC Platform, degradation erfprmance should be mitigated to some extent
by altering the deployment characteristics of thetem (the LarKC configuration). So, for a fixed
problem complexity, using a fixed quantity of datéth a fixed number of concurrent user requests in
progress, how much does the performance of LarK@rare when we change other platform
variables (e.g. the available hw resources), sach a
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the number of CPUs is increased

the speed of the CPUs is increased

the available memory is increased

the number of storage nodes is increased

Different strategies to address scalability, in dithensions mentioned before, are currently being
investigated within LarKC. Two of them are explairne more detail in the following sections:
- Scalability through the Data Layer (see section 5.2
Scalability through Parallelization and Distributiof Plug-ins (see section 5.3)

Other strategies have been identified, but they nede further investigated and therefore,
a description will be included in future releasefs tbe architecture and prototype
deliverables:

- Scalability by datastreaming (anytime behaviour)
- Scalability by data selection strategies

According to the different dimensions and metridentified before, and the ones which will be
identified as the project progresses, instrumeamatiools for the plug-in builders and for the
application builders will be designed and, in ia&tage, implemented and provided together with th
platform components.

5.2. Scalability through the Data Layer

The Data Layer is a core platform component thppstts all plugins and applications with respect
to storage, retrieval, and lighteight inference on top of large volumes of datae Tayer implements
a range of dataccess modalities like Java API, SPARQL endpoidtlarked data publishing.

SpreadingActivation
Selection Plug-in

LarKC Platform

LarKC Data Layer API

Pass RDF
date by ORDI framework

reference
OWLIM Query Engine

Sesame

TRREE Engine

Pass RDF
data byvalue

51
o
o
©
=3
21

RDFPageRank

Figure 11 LarKC Data Layer Positioning and Architedure

In [7] measurable scalability parameters and peréorce factors to be considered are defined. Two
major scalability parameters affecting the Datadragre identified:

The amount of information to be processed - théopmance change after an increase of the
size or complexity of the task

The number of concurrent user requests — the peafioce change after an increase of the
simultaneous queries.
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The state-of-the art report [7], and the conseeusiwalability tests prove that the LarKC Data Layer
demonstrates good scalability for datasets up tbillibn explicit statements on a single computer
environment with 64 GB of random access memory (RAWhe present data layer single-node
implementation fails to pass the barrier of 16idmllstatement because insufficient system memory
resources. Thus, the storage engine scalability & direct correlation with the existing RAM. For
datasets with more than 16 billion statements theage engine either the RAM resources must be
increased or data partitioning must be appliedhéhnrandom data partitioning approach a quick drop
in the performance is expectéiche major problem when the data layer should madatge spread
across several machines is known as “remote jtinéssence, this is a situation when the engine
running on one machine should perform large nundferequests to an engine running on
different machines. Given that remote calls, acqmsxesses and machines, are considerably
slower than inter-process calls the worst caseopednce penalties for distributed-data solution
are enormous. These penalties were empiricallyroede measured and analysed in [21]. The
effects of inter-process communication could bauced if proper semantic clustering is applied
to the used datasets, e.g. frequently joined datase grouped to a single location and stored in a
redundant way.

Another scalability bottleneck in the data layerthe number of concurrent read requests that the
system could handle. Data replication is an agrdhat can boost the number of concurrent user
requests. Every concurrent user request is pushed transaction queue. The data write or

modification requests are multiplexed to multipletad layer instances, while the read requests are
distributed to the node with smallest executionugue

Transaction Qucue

[wi| Rr1 [ w2 w1 | w2 | R3 |

|W1|W2|R2|

DataLayer 1 Data Layer 2 Data Layer 3

Figure 12 LarKC Data Layer Replication approach

5.2.1. Peer-to-peer based LarKC Distributed Data La yer: a first approach

The current LarKC Data Layer, as described in eacB.1, provides lots of functionalities for
requesting large sets of RDF triples from a centeglository. These features already guarantee a
certain level of scalability and performance in ecdast a few requests have to be processed
concurrently. However, with an increasing amounpafallel data requests centralised solutions do
not scale respectively perform efficiently anymarre, distributed data management technologies
have to be considered that allow for a better cbrand more effective processing of multiple,
concurrent requests but also through distributiowark (access) load among participating resources.
In addition, widely spread data sets (if applicedniel wanted) could be replicated and stored sensibl
near to the consumption point (bringing the dataset towards the consumer), so as to reduce
bottlenecks and to overcome latency problems.

To extend the existing data layer implementatiod &m approach a distributed data layer within
LarKC, we are considering the possibility to buddpeer-to-peer (P2P) based data distribution
network (see Figure 13). Within this network, th&edent data peers (nodes) will integrate and
provide the current data layer API functionalities order to enable access to underlying RDF
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repositories. This fact shall guarantee that alsterg functionalities will remain working and no
external component (primarily any LarKC Plug-insha change its interfaces entirely. However, in
addition to the actual API, the nodes will implem&nther capabilities allowing the distributiondan
processing of (complex) query statements as welthashandling of particular metadata/context
information. Basically, these components will bep@nsible for any communication within the P2P
network as well as for the coordination of actegtiamong certain nodes in order to maintain a
scalable distributed architecture. By applying spemetadata information to the query statement,
searches across this network might also be imprew#drespect to the quality of results and their
execution time. Hence, metadata might help to spedtie entire data selection process, too.
Mctadata Management Network
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Data Distribution Network Data Peer
[ Data Management Services ]
[ Metadata/Context Management Services ]
[ Data Resource Adapter ]

Figure 13 Peer-to-peer based Data Distribution Netark

LarKC is currently investigating a potential coltahtion with the SOA4All project [19], which
develops an approach for creating a distributed scalable semantic-driven data management
infrastructure. Their principle is very interestimgour context as well since SOA4AIl more or less
has to cope with the same problems — scalabilistribution and performance — while managing
respectively accessing large sets of distributedr Rbples. For these reasons, SOA4All has
introduced a P2P-based architecture enabling #tion of so-called virtual semantic spaces, which
are overlaid by a three-dimensional CANetwork in order to index RDF triples (one dimemsper
resource of a triple) accordingly [20].

In a first step, LarKC will elaborate potential leddoration fields basically on the conceptual level
how the overall approach could be adapted to th&Canfrastructure and platform (including the
data layer) respectively. Later on, both projectdl wnalyse the possibility to synchronise
implementation tasks in order to avoid double effand to drive the overall approach.

5.3. Scalability through Parallelization and Distri ~ bution of Plug-ins

Scalability can be also achieved through the aafiin of parallelization and distribution technigue
between and within the different components ofitaek C architecture.

The different strategies being followed in LarK@ aetailed in the following sections.

5.3.1. Parallelization strategies

The main motivation for applying parallelizationtian LarKC is to:
Maximize the workflow/plug-in performance charagdgcs
Fulfil the workflow/plug-in QoS and scalability reimements to the maximal extent
Ensure that the full potential of the infrastruetuesources (including large-scale HPC and
Grid systems) is enabled for the plug-in executiprgviding the optimal resource load-
balancing.

! Content—addressable network
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Two different, but complementary, parallelizatidragegies can be recognized for a single workflow,
as illustrated irFigure 14:

Parallelization within a plug-in
Parallelization across plug-ins or across instantéise same plug-in

Figure 14 Overview of parallelization strategies whin LarKC

Parallelization “within a plug-in”

This kind of parallelization is to be applied taethlgorithms that constitute the plug-ins (inside t
plug-in). It is applicable when we have a compleabtem, which can be split in several parts, but
they remain closely related to each other, thatasymunication is needed frequently between them
(where frequently means that communication timeoisceably large compared to the duration of the
computing, but not necessarily that large amouhbytes need to be transferred).

Parallelization might be beneficial when one of fibléowing applies for a plug-in (Figure 15):

1. Nested source code decomposition (when soudsscegions, named as 1, 2, 3.1, 3.2, ..., 3.m,
within the square boxes, can be identified wittackeontrol/data dependencies between them, for
example in form of a graph).

2. Nested data decomposition (when data sets capotimned and processed independently,
shown within the dashed-border boxes).

3. Inherited parallelism (parallel execution of el processes at the same time, exploiting
possible concurrency between the source code regiemtioned before).

Figure 15 Some examples of “within a plug-in”
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Several techniques can be practically applied piceting the nested concurrency and parallelism in
the plug-in’s code regions. Based on code/data rikpeies in the plug-in realization, several
standard configurations of the plug-in executiom ¢e& recognized, that allow for parallelization
(Figure 16):

- Single Code Multiple Data (SCMD)

In this case the data that is being processeckindie region can be constructed of subsets that

have no dependencies between them (Figure 16a)sdrhe operation is performed on each of

the subsets.

- Multiple Code Single Data (MCSD without conveyepéadencies)

For this workflow, several different operations performed on the same dataset. Herewith, no
dependencies between processed data sets existisTpical for transformation of one data
set to another one according to rules which areispdor each subset of the produced data

(Figure 16b)
- Multiple Code Multiple Data (MCMD)
This type of workflow is the combination of bothepious configurations (SCMD

and MSCD), as Figure 16¢ shows.

a) SCMD configuration

b) MCSD configuration

¢) MCMD configuration

Figure 16 "within a plug-in” parallelization standard configurations

With regards to the parallel execution, there akeral strong arguments towards use of the follgwin
approaches for the parallel plug-in implementation:

Distributed Data Parallelism
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There are several software products handling Higed data sources. One of them - MapReduce - is
a programming model and an associated implement&iioprocessing and generating large data sets
[14]. Users specify anapfunction that processes a key/value pair to geaaaaget of intermediate
key/value pairs, and Beducefunction that merges all intermediate values asdediwith the same
intermediate key. MapReduce allows to automaticpdlyallelize and execute the plug-in algorithm,
and is applicable for large clusters of commodiigchines (or sites of the grid/cloud environment).
MapReduce is beneficial for all types of plug-igaithms, operating big amounts of data.

Parallelism on Distributed Memory Architectures (NP

Message Passing Interface (MPI) is a standard &scribing the message exchange between
processes running in high performance environméantduding clusters of workstations or
supercomputers [15]. MPI defines a set of operatfonthe processes which are executed in parallel.
There are several implementations of the MPI stahder the main programming languages (C,
Java), both commercial and open source. Both MCS&DMCMD configurations, which require an
information exchange between the processes runmipgrallel, will benefit from the implementation
of the distributed memory parallelism by means &fIM

Parallelism on Shared Memory Architectures (OpenMP)

Shared memory architectures allow in some casendoe efficient data exchange between processes
by means of multithreading, a method of paralléiora whereby the master thread (a series of
instructions executed consecutively) forks a spetihumber of slave threads and a task is divided
among them. The threads then run concurrently, thighruntime environment allocating threads to
different processors. OpenMP [16] is an implemeoadf multithreading, a portable programming
interface for shared memory parallel computersersffsignificant advantages over both hand-
threading and MPI for shared-memory computing &echires provided by the LarKC infrastructure.
However, the scalability of this approach is lirdites the number of nodes connected by the shared
memory.

Where possible, the approaches will be combinearder to reach the maximal productivity of the
plug-in parallel execution.

As mentioned in LarKC deliverable D5.3.1 [5], thergllel and concurrent "nature” of plug-ins should
be indicated in the plug-in description (providegl the plug-in description language) so that the
platform knows that parallelisation is possible /andikely. The description should also include the
necessity (or its lack) to execute the plug-in ipagticular environment (e.g. on a cluster withtaier
interconnection features, or even an individual Imae or cluster with a particular identifier).

More details about the kind of computing environisersupported by LarKC, are provided in
section4.1.

Parallelization “across plug-ins” or “across instarces of the same plug-in”

This kind of parallelization is intended for loogeloupled components (in our case, plug-ins) that
may be executed at the same time (in paralleBrdier to achieve an improvement in the performance
of the entire workflow. In this case, communicatioetween the parallel components takes places
only at the beginning and at the end of the exenufand possibly during the execution, but not

frequently) and therefore, it is not mandatory #iaparts are executed within the same environment
but they may be remotely distributed.

The application of a concrete parallelization stggtdepends also on the concrete problem we want to
solve, including in this case the workflow, theatst or datasets the different plug-ins need tesacc
and any other information that may affect the etieauof the workflow, such as e.g. dependencies
between plug-ins regarding inputs/outputs (e.gase a plug-in needs the output of another plug-in

be executed, both cannot be run in parallel).
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This kind of parallelization must be addressedh®yworkflow designer (either manual or automated
process) at the time of workflow composition - hretcase of static workflows - or at the time of
workflow execution - in case of dynamic workflows.

Regarding the platform support, the platform mu$trothe necessary support for the execution of
plug ins in parallel, which includes:
Queues and Multiplexers, as described in secti&i33for connecting different plug-ins
together within a workflow, and split, join or dittute messages between plug-ins
Plug-in Managers, both local and remote, as desdrib section 3.5.3, for managing local
and remotely located plug-ins, which may be exatateghe same time (in parallel)
Different LarKC middleware adapters, as describedséction 4.2, for the execution of
workflows in distributed computing environments.eBk adapters may make use of existing
Grid middleware solutions (such as GT4, GLite, dn) and other middleware tools such as
JavaGAT [12] or COMPs [13], which also provides amted performance analysis
functionality for the LarKC plug-ins.

For more details on the kind of computing environtsewhich LarKC will support, please refer to
section 4.1.

This kind of parallelization is addressing scal&p#ind improvement of the performance:
on the one side at plug-in level, when we conspdeallelization of different instances of the
same plug-in,
on the other hand at workflow level.

5.3.2. Distribution and remote execution of plug-in s
Chapters 2 and 3 already presented the architectueeview and the details on the different
components. In this section, we focus in those amapts or features of the LarKC architecture that
contribute to the support for distribution and réenexecution of plug-ins (distribution of the Data
Layer was addressed in section 5.2).

The main motivation for applying distribution withLarKC is to:
Make use of all resources available (which mayibtiduted in local and remote locations)
Use data that cannot be shipped (either becaube size or because of security restrictions),
by moving the computational tasks as close as Iplessiwards the data.

Local deployment

As shown in section 2.2, the LarKC platform hasrbdesigned in a way to allow high scalability.
The local deployment is already scalable, thankbedollowing features:
- Itis modular
It is pluggable, allowing external plug-in provideio plug their own plug-ins and use them
within LarKC workflows
There is a loosely coupling between platform angjphs and among the plug-ins themselves
It supports coarse-grained parallelization (“*acasg-ins”)

An overview of the local deployment of the LarK@lsitecture is shown in Figure 17.
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Figure 17 Architecture Overview: Local deployment

Remote and distributed deployment

A remote and distributed deployment of LarKC makesven more scalable, since we can take
advantage of all available resources and we carcome any constraint with regards to data shipping
(see distributed deployment view of the archit&;tEligure 18).
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Figure 18 Architecture Overview: Distributed deployment
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As already mentioned in LarKC deliverable D5.3.], & long as the executing components (plug-in
instances) are independent of one another, thepealistributed so that they run simultaneously and
remotely on multiple machines or at multiple netwlmrcations. If they are not fully independent, the
extent to which this distribution can be achievedniore limited. The LarKC architecture offers the
necessary support to run the different componetiterdocally or remotely distributed, according to
the needs of the concrete use case (the dotteglitiféigure 18 indicate that the plug-in inside rbay
executed either locally or remotely).

To support the workflow distribution, the platfomuill be required to include the means to: move an
executable to a remote platform, move the datarenwte platform, start the execution of a remote
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plug-in, monitor and control the execution, cheakihtermediate or final results, return the restdt
the caller, or route them for further processindhede features imply some security and
interoperability issues which the platform needsdeal with. The requirements related to the
distributed and remote plug-in execution are aedlin deliverable D5.3.1 [5].

As a mechanism for the realisation of the remotey{ih managers, including the issues identified
above, several middleware solutions are recognibat can be applied for the LarKC platform.
Among others, the most promising solution seenixetone provided by the COMPs framework [13].
COMPs allows a Java application to exploit its oagi (with regard to the LarKC tasks — local plug-in
managers) on remote resources. Implementatiomadteeplug-in managers by means of the COMPs
framework should enable several resource typesh®plug-in execution, including Grid and HPC
systems. Moreover, COMPs might be beneficial fopleixing the inherent parallelism of
applications, that allows for realization of pagfilation techniques for the plug-ins and complete
workflows (as described in section 5.3.1).

The LarKC architecture will provide a subsystem paoising the middleware solutions (like COMPs),

in order to enable the optimal component distrdoutdn remote resources, ensuring that the resource
load-balancing will be optimal for achieving theghest performance of the workflow execution. We
will investigate those solutions and choose thgg)nghich fits best the identified requirements.

5.4. Finding the optimal solution towards scalabili ty

The maximum performance and scalability shoulddaehed through the appropriate combination of
parallelization and distribution techniques, cusiad for every concrete use case. In the following
project months, we will continue working on lookif@y commonalities among the project use cases
that can be generalized to apply in more genes®<dt is necessary to consider a trade-off betwee
optimal performance (through customization to thenarete problem) and flexibility (through
generalization of the problems).

The following table summarizes the identified path scalability dimensions and how performance
can be kept or even improved, through the chang®mie other variable dimensions. In some cases,
expected boundaries of the measured variable engiMote that this is work in progress. The, still,
undetermined information will be completed as thejgrt progresses and more investigation on
scalability is performed.
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Table 9 Analysis of Scalability Dimensions

/

ID Scalability Dimension Fixed Dimension(s) Metric Variable Dimension(s) Stategy to achieve Boundaries
(to be improved) improvement®
S1 Size of the problem Complexity  of  the| Workflow Number/nature of Distribution ~ of | Workflow  execution
problem execution time supported hw plug-ins to more time
Concurrency of usef resources powerful (Problem_Size_Final
requests Number of resources Problem_ Size_Initial)
Volume of total datd supported plug-ins Parallelization
stored “between  plug-
ins”
Parallelization
“within a plug-in”
Data Layer
partitioning
S2 Complexity  of  the Size of the problem Workflow Number/nature of Distribution of
problem (volume of data to be execution time supported hw plug-ins to more
processed per user resources powerful
request) Number of resources
Concurrency of user supported plug-ins Parallelization
requests “between  plug-
Volume of total datg ins”

stored

Parallelization

“within a plug-in”

Data
partitioning

Layer

2 The strategy should be an optimal combinatiomeftiullet points in the cell, customized to thearete problem to be solved
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ID Scalability Dimension Fixed Dimension(s) Metric Variable Dimension(s) Stategy to achieve Boundaries
(to be improved) improvement®
S3 Concurrency of user Complexity  of  the| Workflow Number/nature of Data Layer| Workflow  execution
requests problem execution time supported hw redundancy  and time
Size of the problen resources load balancing (Number_Users_Final /
(volume of data to be Number_Users_Initial)
processed  per  user
request)
Volume of total datg
stored
Number of supported
plug-ins
S4 Volume of total data Complexity of the| Setup / indexing Number/nature of Data Layer
indexed/processed/stored problem preprocessing supported hw partitioning,
Size of the problem time resources redundancy and
(volume of data to be load balancing
processed  per  user
request)
Concurrency of user
requests
Volume of total datg
stored
Number of supported
plug-ins
S5 Number/nature of Complexity of the Number/nature of Platform
supported hw resources problem supported hw configuration:
Size of the problem resources support of
(volume of data to be resources through
processed per  user platform adapters
request)
Concurrency of user
requests
Volume of total datg
stored
Number

plug-ins

of supporte(r
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ID Scalability Dimension Fixed Dimension(s) Metric Variable Dimension(s) Stategy to achieve Boundaries
(to be improved) improvement®
S6 Number of supporte

plug-ins

Complexity  of  the
problem

Size of the problem
(volume of data to be
processed per user
request)
Concurrency of user
requests

Volume of total datd
stored
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5.4.1. Some examples

In the context of the LarKC project, we have depelibtwo parallel reasoning approaches:
MARVIN [2] uses conventional reasoners to calcutht closure over partitions of the input
in parallel. In terms of the LarKC platform, thisould be comparable to within plug-in
parallelization, in the sense of running severatances of the same plug-in over different
data partitions. It then joins the results with ihgut, repartitions and repeats. Given enough
iterations, MARVIN will calculate the complete clos.
Reasoning-hadoop [3] implements highly optimizedafj@l RDFS reasoning using the
MapReduce programming model [14]. It performs dagtitioning by distributing the input
across several compute nodes and rule partitidnyngsing an ordering of the RDFS ruleset
that does not require recursive application of thies. It is implemented in the Hadoop
platform [26] for scalable execution in a clust8imilar to MARVIN, this approach also
refers to within plug-in parallelization.

Both calculate the RDFS closure of the input dawa eutperform all other published approaches in
terms of triple throughput. Nevertheless, the tgpraaches use radically different reasoning models.

As a result, each approach has some comparatiantdes:

Reasoning-hadoop is faster than MARVIN.

MARVIN can be more easily adapted to other (monigjologics. It is enough to change the
conventional reasoner.

Coordination in MARVIN is decentralized while in &oning-hadoop is centralized.

Thus, between the two systems, there is clearlpdetoff between performance and generalization.
Both approaches could be deployed as reasoning-ipdugvithin the LarKC Architecture.
Furthermore, the idea behind MARVIN could be usedasigning new decider algorithms.

6. LarKC Requirements traceability

A complete set of requirements, the LarKC Platfand Plug-ins must be compliant with, was
identified in the predecessor of this deliveralid®.3.1 [5]. In order to ensure that the LarKC
architecture, described in previous chapters,Iftlibse requirements, a detailed analysis has been
performed on which components contribute to whietpjuirements (and which requirements may be
still not covered by any component). The resultswafh analysis are presented in the following table
(Table 10)

Page 40 of 50



FP7 - 215535

Deliverable 5.3.2

Table 10 LarKC Requirements Traceability Matrix

ID | Requirement | Priority * | LarKC Components / Features | Other Information’
Resources
PLAT_R 01 Distributed reasoning platform built on a high© LarKC Middleware Adapters Research in progress
performance computing cluster
PLAT_R_02 Distributed reasoning platform built via “computiag| O LarKC Middleware Adapters Open
home”
PLAT_R_03 Support for accessing computing resources O] LarKC Middleware Adapters Research in progress
Heterogeneity
PLAT _H 01 Massive inference is achieved by distiiioy problems| M LarKC Middleware Adapters Research in progress
across heterogeneous computing resources |and Local Stub/Remote Plug-in Manager
coordinated by the LarKC platform. Queues
PLAT H 02 The platform shall comprise a pluggabtehadecture| M Plug-in API Implemented
that will ensure that computational methods from
different fields can be coherently integrated.
PLAT H 03 Instead of being built only on logic, thearge| M Application Use Cases WPs (WPS6,
Knowledge Collider will exploit a large variety of External Data Sources WP7a, WP7b)
methods from other fields: cognitive science (human Plug-in API
heuristics), economics (limited rationality apd Data Layer API
cost/benefit  trade-offs), information  retrievial Data Layer
(recall/precision trade-offs), and databases (Varge
datasets)
Usage
PLAT_U_01 Plug-in construction by plug-in developer M Plug-in API Plug-in  WPs (WP2,
WP3, WP4)
PLAT_U_02 Pipeliné configuration by pipeline constructors M Plug-iedsstry Decider developers
Plug-in API (WP2)
Workflow Support System Implemented
PLAT_U_03 Platform deployment and execution by esdrs M Application Use Case WPs

Ve Mandatory. For those requirements that LarKC MU®@lfil; O: Optional. For those requirements thatrKC MAY include as desirable, but not mandatdy®: Non-required.
For those requirements that are not required at all
* Other info such as other WPs where this is beingstigated/implemented, and status of the refattt within WP5 (Implemented, Research in progr€ysen). Note that the
Implemented features are still in an Alpha verstatus and therefore further investigation will wome in the next project period
® Pipeline has been renamed to Workflow, in ordestiow the non-linear and flexible meaning
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ID Requirement Priority 3 LarKC Components / Features Other Information’
PLAT_U_04 Platform deployment in the end-user maehi 0] All platform architecture components Implemented
Lightweight platform (without optional “heavy” supp
components) should be possible to be deployed lisea
desktop machine
PLAT_U_05 Access to the remotely deployed platfdinom the| M Application GUI Application GUI is not
end-user machine part of the platform as
such. This should be
developed by the use
cases WPs (or external
application developer)
PLAT _U_06 Multi-user platform M Multi-thread platfim Implemented (first
prototype)
PLAT U 07 Low platform overhead M Low-weighted K& Platform with optional extensions Researchriogpess
PLAT _U_08 Offline execution M All platform architeee components Implemented
PLAT _U_09 Quality specification by users M SPARQENndpoint + Contract parameter + QpResearch in progress
requirements
Interoperability
PLAT | 01 Common LarKC API M Plug-in API Implemented
PLAT | 02 Common LarKC Data Layer API M Data Layeé®?| Implemented
PLAT_|_03 Common LarKC plug-in description language M Plug-in description language Implemented  (cuttyen
being extended)
Parallelization “within plug-ins”
PLAT P 01 Platform support for parallelization “hiit plug-ins” NR LarKC Middleware Adapters Resédaitc progress
PLAT_P_02 Platform support for running multiple texsces of ong M Plug-in Manager Implemented
plug-in
Distributed / Remote execution
PLAT D 01 Migrate executable plug-ins ®) LarKC Middiare Adapters Research in progress
PLAT D 02 Migrate data O Workflow Support System Queues Research in pssgre
PLAT D 03 Start plug-in execution M Plug-in Factory Implemented
PLAT_D_04 Support to monitor and control plug-ireention M Plug-in Manager Research in progress

(instrumentation)
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ID Requirement Priority 3 LarKC Components / Features Other Information’
PLAT_D 05 Check for intermediate or final results M Plug-in Manager Decider plug-in is not
Decider part of the platform as
such. This should be
developed by WP2 (or
external plug-in
developer)
PLAT_D 06 Get the results back and transfer them M Decider Decider plug-in is not
Queues part of the platform as
Multiplexers such. This should be
Data Layer developed by WP2 (or
Data Layer API external plug-in
developer)
PLAT D 07 Security issues @] LarKC Middleware Adapters (to handle securityesin | Open
different execution environments)
Data Layer (to handle security issues related ta da
privacy)
Data Layer
PLAT DL 01 Data Layer API M Data Layer API Implemented
PLAT DL_02 Efficient support of LarKC data model M Data Layer Implemented
Data Layer API
PLAT DL_03 Transparent access to remote RDF data M Data Layer Implemented
Data Layer API
Data Caching
PLAT_DC_01 The most frequently used pages of RDi& daould bg M Data Layer Implemented. Further
stored in memory in order to provide a faster agg¢es research on caching
time. strategies in progress
PLAT_DC_02 Data warming/cooling @) Decider / Reasone Plug-ins are not part of
Data Layer should support it the platform as such.
These should be
developed by WP2,3,4
(or  external plug-in
developer)

Anytime Behaviour
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ID Requirement Priority 3 LarKC Components / Features Other Information’
PLAT_AB 01 Anytime Behaviour between the end-used ahe| M Application (end-user interface) Application Interface is
LarKC Platform SPARQL + Contract parameter not part of the platform
as such. This should be
developed by the use
cases WPs (or external
application developer)
PLAT_AB_02 Anytime Behaviour between the plug-ins between| O Plug-in Manager Decider plug-in is not
plug-ins and LarKC Platform Decider part of the platform as
such. This should be
developed by WP2 (or
external plug-in
developer)
Plug-in Registration and Discovery
PLAT _PRD_01 Registration of plug-ins M Plug-in ey Implemented.
Plug-in specification language Specification  language
being extended
PLAT PRD 02 Plug-in Registry maintenance M Pludregistry Implemented
PLAT_PRD_03 | Crawling of plug-ins @] Plug-in Registry Open. Crawler feature
not yet considered in the
plug-in registry design. It
may be considered in
future, but not high
priority
PLAT _PRD_04 | Service Discovery mechanism M Plug-agRtry Implemented
Monitoring and Measurement
PLAT_M_01 Behaviour measurement mechanism (0] Pilanager, other platform component (to be Open
designed)
PLAT_M_02 Performance log (Monitoring logging)lilbya o Plug-in Manager, other platform componenthgo Open
designed)
PLAT_M_03 Benchmarking of plug-ins @) Plug-in deysdo Plug-in developer should

benchmark performance
of plug-ins in advance,
and provide non-
functional parameters as
part of the plug-in
description

Support for Developers
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ID Requirement Priority 3 LarKC Components / Features Other Information’
PLAT_S 01 Support code library M Plug-ins templates Research in progress
Plug-in
PLUG 01 LarKC API compliance M Plug-in API Implemented
PLUG 02 LarKC Data Layer APl compliance M Data eapPI Implemented
PLUG_03 Plug-in description M Plug-in specificatimnguage Implemented. Currently
being extended
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7. Conclusions and Next Steps

The LarKC Platform Architecture has been designdth the main goals to be open, flexible and
scalable but, at the same time, fulfil the requeata imposed by the LarKC Use Cases which will
make use of it. Therefore, a trade off must be hedcbetween flexibility (loosely coupled
components, flexibility and dynamicity,...) and perfance (through a tailored solution to the
concrete use case).

During the next project period, work will contina® the development of the next release of the
LarKC Platform, according to the architecture pnésd in this deliverable. This will lead to a fueth
refinement and improvement of the architecturegtesi

The mechanisms for workflow distribution and pariaétxecution of plug-ins will be elaborated and
implemented for the platform. The performance acalability improvement due to the distribution
and parallelization will be measured. The improvetm@oposals for the main plug-in types will be
given. Several strategies for the realization ef plarallelization will be applied for the main pling
types and the best practices for the parallelinatidll be provided as a feedback to the plug-in
developers.

Investigation on the improvement of scalabilityahgh the Data Layer will continue, implementing
some of the proposed solutions and assessing tfext ein the performance. Design and
implementations related to pushing more functigpahto the Data Layer will continue, which is
expected to lead to an improvement in performaacedrtain use cases.

Additionally, work will continue to improve the pikin API design with more finer grained
interfaces, in order to achieve better integration.

Instrumentation tools for the plug-in builders dodthe application builders will be designed aimd,

a later stage, implemented and provided togethir tive platform components. Concrete metrics will
be defined in order to measure performance. Theumgntation tools will be implemented in order
to support the assessment of those metrics.
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A. Glossary

The next table provides a short definition for samh¢he LarKC Architecture related terms that will
appear all along this document, as a support foreader. Terms are listed in alphabetical order.

Table 11 LarKC Architecture Glossary

Term Definition

API An Application Programming Interface (API) is a sétfunctions, procedures, methods
or classes that an operating system, library oriceiprovides to support requests made
by computer programs

Boolean A type of information set used to record a trudatse value. This is the return type from

Information Set SPARQL ASK queries (see Information Set, SPARQL ASK

Contract The contract between a decider and another plubanspecifies the dimensions of the
data that this plug-in will produce on the workfl¢etg. size, quality, granularity)

Control Queue A type of queue between two plug-ins that can bedusnable communication and
exchange control messages between two plug-ingjseae, Plug-in)

Context As LarKC plug-ins are stateless, the context presid means for the decider to inform a

newly started plug-in of its starting point
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Term

Definition

Data Layer

A particular implementation of the LarKC Data Lay&Pl. Within the LarKC project the
term is often used to refer to the OWLIM implemeiota of the Data Layer API from
Ontotext (see Data Layer API)

Data Layer API

The Application Programming Interface (API) for assing the LarKC Data Layer (see
Data Layer, API)

Data Queue A type of queue between two plug-ins that can lesl enable
communication and exchange resources between twg-ipé (see Queue, Plug-in,
Resource)

Data Set A type of Set Of Statements, which is a groupingarned or unnamed RDF Graphs (see
Set Of Statements, RDF Graph)

Decider A type of plug-in, responsible for constructing aridflow and making decisions about
its execution (see Plug-in, Workflow, Query-driveacider, Query-independent Decider)

Identifier A type of plug-in, responsible for finding resowsd® be used in a given pipeline (see

Query-driven Identifier, Query-independent Ideetifi

Information Set

A type of resource in a LarKC pipeline for represg data (see Resource, Set Of
Statements, Boolean Information Set, Variable Bigjli

Information  Set | A type of transformer plug-in, responsible for sBorming an information set into

Transformer another information set (see Information Set, Tiamnser, Plug-in)

Keyword Query A type of query, used to represent a collectiokeywords (see Query)

Labeled Set Of| A type of Set Of Statements, which is a groupingtafements coming from a particular

Statements data set from one or more RDF graphs, which haabal Ito identify it (see Set Of
Statements, Data Set, RDF Graph)

LarKC The Large Knowledge Collider, an experimentaticatfoirm for large scale reasoning

Local Plug-in | A type of plug-in manager that manages the execubibLarKC plug-ins on a local

Manager machine (see Plug-in, Plug-in Manager)

Natural Language | A type of Information Set, used to store or refesera document containing natural

Document language text (see Information Set)

Pipeline See Workflow

Platform A particular instantiation of the LarKC softwaré.i$ made up of different utilities that
enable pipelines to be built and executed (see-iRlUyPI, Data Layer API, Pipeline
Support System, Plug-in Registry)

Plug-in A software module that can be used in the LarKGfqlm. Plug-ins are grouped into
categories (see Identifier, Transformer, Sele®egsoner, Decider)

Plug-in API The Application Programming Interface (API) thatglin developers must conform to in
order for their plug-ins to be compliant with LarKC

Plug-in A semantic description of the functional, behavionaformational, and non-functional

Description aspects of a LarKC plug-in in WSMO Lite (see PlagWSMO-Lite)

Plug-in Manager

Part of the workflow support system that managesetkecution of a particular plug-in
within a workflow (see Workflow Support System, &, Workflow)

Plug-in Registry

A registry of plug-in descriptions for all knownyg-ins to a particular LarKC platform
(see Plug-in, Plug-in Description)

QoS Parameters

The QoS parameters provided by the end user ofcagiph issuing a query to a LarKC
platform, which can used to guide the way in whacparticular workflow in the platform
executes (see QoS, Platform, Pipeline)

Query

A type of resource in a LarKC pipeline for reprasema query (see Resource, SPARQL
Query, Keyword Query, Triple Pattern Query)

Query-driven
Decider

A decider plug-in which manages pipeline execubased on a user query, for example a
scripted decider that invokes a configured set hig{ins, or a decider that uses
metareasoning to find appropriate plug-ins at raat{see Plug-in, Decider)

Query-driven
Identifier

An identifier plug-in that finds relevant informati sets for answering a user query. Such
plug-in could use for example a search engine asciindice or Swoogle to find relevant
data sources. (see Plug-in, Identifier, Query,

Information Set)

Query-driven
Information
Transformer

Set

A transformer plug-in that transforms a set of ddig for example rewriting RDF
vocabulary into some vocabulary used in the queligiiment) (see Plug-in, Information
Set Transformer)
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Term Definition

Query-driven A transformer plug-in that rewrites queries, by é&ample extracting a keyword query
Query from a given SPARQL query, by selecting core coteefsee Plug-in, Query
Transformer Transformer)

Query-driven A reasoner plug-in that answers a given query kgsoring over a supplied set of
Reasoner statements. Examples include a query engine basgdam RDF stores such as Sesame

or Jena, potentially including RDFS or OWL reasgnsuch as OWLIM, a SPARQL
endpoint, a deductive database such as IRIS or ®lbg, etc. (see Plug-in, Reasoner,
Query, Set Of Statements)

Query-driven

A select plug-in that selects a subset of the datayant to answer the given query, for

Selecter example by computing some semantic distance framestore concepts in the query (see
Plug-in, Selecter)

Query- An identifier plug-in that is independent of somigeg query, by for example returning

independent the "newest" RDF sources on the Web for periodiexing (see Plug-in, Identifier)

Identifier

Query- A transformer plug-in that is independent of a ugeery, by for example "smushing"

independent together identical resources into some canonicdsW&nhtity reconciliation) (see Plug-in,

Information  Set | Information Set Transformer)

Transformer

Query- A reasoner plug-in that is independent of a usaryuby for example computing and

independent materiasing the deductive closure of some RDF datang some pre-processing phase,

Reasoner or by inferring new triples through inductive learg (see Plug-in, Reasoner)

Query- A selection plug-in that is independent of a usgeryg, by for example computing entity

independent ranks in the data graph (akin to ?PageRank) amttsal some subgraph around the top-

Selecter ranked entities (see Plug-in, Selecter)

Queue A means of exchanging messages between two plug-ins
(see Plug-in)

RDF Resource Description Framework

RDF Graph A named or unnamed directed multi-graph made URRF triples (see RDF)

Reasoner A type of plug-in, which is responsible for perfoanm reasoning on a given set of
statements (see Plug-in, Set Of Statements, QuergrdReasoner, Query-independent
Reasoner)

Remote  Plug-in| A type of plug-in manager, which manages a plugvhile it is deployed in a remote

Manager location. Such a plug-in manager communicates withtub plug-in manager in the
platform to enable data and control flow betweesm tbmote plug-in manager and the
platform (see Plug-in Manger, Plug-in, Stub Plugdanager, Platform)

SAWSDL SAWSDL is a W3C recommendation that extends the W&DL recommendation with
annotation points for linking the WSDL descriptiaith semantic models. SAWSDL
thus enables WSDL descriptions to be enhanced sattmantic descriptions of the
functional, behavioural, informational, and nondtional aspects of the service.
SAWSDL is agnostic to the semantic model used. {(¢8®L, WSMO Lite)

Selecter A type of plug-in, which is responsible for selegtiia subset of a specified set of

statements (see Plug-in, Set Of Statements, Quesrgrd Selecter, Query-independent
Selecter)

Set Of Statements

A type of information set, which represents a atien of RDF triples (see Information
Set, RDF Graph, Data Set, Labeled Set Of Statefnents

SPARQL SPARQL is a query language for RDF, it has fouresypf query namely SELECT,
DESCRIBE, CONSTRUCT and ASK (see RDF, SPARQL SELECIPARQL
DESCRIBE, SPARQL CONSTRUCT, SPARQL ASK)

SPARQL ASK A type of SPARQL query that is used to pose a talsg question to a particular set of
RDF statements (see RDF, SPARQL)

SPARQL A type of SPARQL query that is used to construateav graph from a set of RDF

CONSTRUCT statements (see RDF, RDF Graph, SPARQL)

SPARQL A type of SPARQL query that is used to produce & geaph describing a particular

DESCRIBE object from a set of RDF statements (see RDF, RE#pig SPARQL)

SPARQL Query A type of query that is used to represent a querthe SPARQL query language (see
Query, SPARQL)

SPARQL A type of SPARQL query that is used to answer dgiq@dar question from a set of RDF

SELECT Statements (see RDF, SPARQL)
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Term Definition

Stub Plug-in | A type of plug-in manager that lives locally withan LarKC platform and is used to

Manager communicate with remote plug-in managers to enalalia and control flow between
remote plug-ins and the platform (see Plug-in M&naBlatform, Plug-in, Remote Plug-
in Manager)

Transformer A type of plug-in, which is responsible for transfong a resource in the LarKC platform

into another resource (see Plug-in, Resource, rnmton Set Transformer, Query
Transformer)

Triple Pattern

A triple pattern is like any RDF triple except tlegich of the subject, predicate and object
may be a variable

Triple Pattern

Query

A type of query that is used to represent a stiflé patterns
(see Query)

Variable Binding

A type of information set, which represents thaultlesf a SPARQL SELECT query. For
each of the variables in the select query therkeaxibt a column in the variable binding
(see Information Set, SPARQL SELECT)

Workflow A particular configuration of LarKC plug-ins thateamanaged by particular plug-in
managers and can communicate with each other W#atg and Control Queues (see
Plugin, Plug-in Manager, Data Queue, Control QueRgviously known as Pipeline.

Workflow A collection of utilities in the LarKC platform th@&nables decider plug-ins to construct,

Support System execute and manage a LarKC pipeline (see PlatfBipeline, Decider, Plug-in, Plug-in
Manager)

WSDL The Web Services Description Language is an XMledaknguage that provides a
model for describing Web services. (see SAWSDL)

WSMO Lite WSMO Lite is a specialization of the W3C SAWSDL eseumendation that ties

SAWSDL to a particular semantic model. It is used_arKC as a means for creating
semantic descriptions of plug-ins (see SAWSDL, WSPIlug-in, Plug-in Description)
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