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Abstract

Abstract

Production facilities still have to become moreadint and more effective. The automation

and total integration of software in the operatior@nagement is necessary to be able to fully
accommodate the customers’ demand for flexibilitye trend towards the Internet of Things

contains potential for solving that problem by gring Smart Objects over strategic,

tactical and operational business level. Smart @bj@ this context is a general term for a

web service enabled devices, sensor networks, [REYixes and their applications.

The EU research project SOCRADES is pursuing exdb#se goals, so that sophisticated
production and monitoring processes can be moduelitidit. SOCRADES proposes an entire

service oriented production system consisting oa®mbjects integrated into the businesses
software. The SOCRADES integration architecturegrates Smart Objects via web services.

We do not treat the whole SOCRADES integration igecture in this master thesis but we
present one central question of the project: Howaae find the right service that meets the
specific needs of the current enterprise applicatiocurrent user? — Web service directories
following the UDDI standard do not offer advancedreh functionalities for the end users.
Therefore we propose a new query method basechamaer of collaborating components in
order to provide a way of searching for functioti@é on devices. The main component
involved is the Application Service Catalogue, whgives assistance to the users’ search. It
consists of several subcomponents, amongst otherQuery Augmentation Module. The
query augmentation is the first step of the seécla web service and consists, in a nutshell,
of enriching a simple user query.

The main topic of this master thesis is the devaleqmt of this Query Augmentation Module
and in particular the definition of enrichment stgaes, the creation of the component
architecture, the first implementation and its eaibn. With strategies we mean methods of
guery expansion. The strategies of the Query Augatien Module are consuming available
web resources, which are analyzed, evaluated amdused for the query expansion. Possible
bases for the query expansion are analysed Wilapaticles or evaluated search results from
common search engines. The strategies that arasgisg in this report are kept simple, but
the Query Augmentation Module consists of a veexifile design and more sophisticated
strategies can be added easily at any time.

Furthermore, we present the benefit of using ther@Wugmentation Module within the
SOCRADES integration architecture.

Keywords: Query Augmentation, Query Expansion, Wikipedieeb\Eervices, SOCRADES
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The master thesis “Exploring Query Augmentationtfier SOCRADES Application Service
Catalogue” was performed by Bettina DOBER during geriod from May to November
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results from a cooperation of the University ofbleurg and the SAP Research CEC Zurich.
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The work consists of the design, implementation, evaluation of the Query Augmentation
module, which is a subcomponent of the Europeagareh project SOCRADES [1].
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This master thesis is part of the SOCRADES progcSAP Research and it has been
completed as a six-month internship at SAP Rese@EBG Zurich. Service-Oriented Cross-
layer InfRAstructure for Distributed smart Embeddil/iceS (SOCRADES) is a European
research and advanced development project. Iriopthe Information Society Technologies

(IST) initiative of the European Union'$"&-ramework Programme (cf. [1]). 15 partners from
6 European countries are participating to SOCRADB® major players of the industrial

automation sector, Schneider Electric, ABB, andnfeies are leading the hardware
development. SAP Research is responsible for ttermise integration in backend business
applications.

Without explaining more about SOCRADES we are presg the SOCRADES integration
architecture at SAP in Figure 1.1. The full inteégna architecture does not have to be
understood but it just shows the dimensions ofpitugect. SOCRADES at SAP Research is
composed of several components and subcomponesets several layers. The Eventing
component in the Application Interface layer canused to subscribe to events of interest.
The Service Monitor at the Service Management l&yenonitoring services and managing
information about services. And the Discovery comgrd within the Monitoring and
Inventory in the layer Device Management has listerand a search engine to discover new
services. There are lots of interactions betweencttimponents. The Eventing makes use of
the Service Monitor and that in turn is accessirgg@iscovery component.

One to two team members of SOCRADES are workingaah component. And this master
thesis makes a contribution to the Application ®ervCatalogue at the top layer of the
integration architecture.
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Figure 1.1 The SOCRADES integration architecture (takn from [1])

More precisely the development and evaluation ef gbbcomponent Query Engine of the
Application Service Catalogue is the objective luktmaster thesis. Therefore, firstly, the
introduction gives an overview about the SOCRADES®jqet, secondly, describes the
general idea of the Application Service Cataloglieirdly a simple outline of the proper

objective of the Query Engine is given. The redeauestions of the thesis are following and
finally the formal structure of the present repsrsummarized.

1.1 SOCRADES

SOCRADES middleware of SAP Research is closingrntegration gap between shop floor
and top floor. The shop floor is the productionsaoé a factory at the operational level. The
top floor is at the tactical and strategic leveitéeprise level). Enterprise resource planning
(ERP) is the software integration at top floor. M&atturing Execution Systems (MES) are
the software integration at shop floor.

Due to this gap enterprise business software hadell control of the shop floor. The

integration architecture of SOCRADES is closing ¢fa@ and connects the production level
with the enterprise software system of future maauwiring. In other terms SOCRADES

middleware is the vertical integration from top gbop floor meaning ERP and MES are
connected. The MES could even be skipped and théidor is connected with the devices on
the shop floor directly.

Service Oriented Architecture (SOA) concepts aezlie connect smart objects at production
level via embedded web services to the top flooevi€es are linked directly or via
SOCRADES middleware. A smart object in this contisxa general term for web service
enabled devices, sensor networks, RFID devicestradapplications.

Figure 1.2 illustrates the vertical integrationnfréhe top to the shop floor.
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Figure 1.2 SOCRADES middleware (cf. [1])

The smart objects offering web services impleméwt Device Profile for Web Services

(DPWS). DPWS is the web services implementatiothatdevice level, which is based on

SOAP. In addition two important features are define this standard: the web service
discovery and web service eventing. Specificatioth @ther details about DPWS are available
on [3].

At the top floor level an example of integratiorutlmbbe that a production machine has to be
stopped because of overheating. This stop triggeralert in form of a web service event.
This alert is sent to the SOCRADES middleware aathfthere to the subscribers of the web
service such as the ERP system. As soon as the rE€dtves an alert like this it is
recalculating the orders and informs the custoroenserned about the estimated delays.

Coupling web service enabled devised with entegpapplications via SOCRADES has
advantages such as service discovery, serviceogat| service life cycle management,
device management and asynchronous communication.
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The SOCRADES demo on YouTube [4] gives a very gowedrview of the project. And
detailed information about SOCRADES is availablalmproject’s website [1].

1.2 Application Service Catalogue

The Application Service Catalogue component is parthe top layer of the SOCRADES
integration architecture. It is the entry point farterprise applications. This component lets
the user search for existing services. In additr@thods for the discovery and injection of
services are offered. The input is a simple tesedaguery, which is expanded automatically
as well as context knowledge such as location,,temd quality of service are added for the
search.

The search process within the Application Serviagaldgue is composed of three main steps.
Each of these steps is executed in a subcompoherthe Query Engine (Figure 1.3,
subcomponent 1) a simple text query is enricheti witntext and semantics. (cf. [1]) Then,
the best effort component (Figure 1.3, subcompoBgid rating the services. Finally, the on
demand discovery and deployment component is uset iservices have been found.
Services are discovered dynamically or single sessican be injected (Figure 1.3,
subcomponent 3).

i S

X" RequestService Endpoint

T Wy Devices /

| Enterprise Apps

Service Consumers

Application Service Catalogue

I N On Demand Discovery

i B ) BestEffortC t Ny
Query engine ) estEffort Componen L I

Service Repository Service Monitor Discovery Service Mapper

Device Monitor

Figure 1.3 Application Service Catalogue overviewl]

The main scope of this master thesis is to desigplement and evaluate the architecture of
the Query Engine. In addition to the proper speatfon of the component, a simple graphical
user interface (GUI) for the Application Servicet&lague has to be developed. The GUI is
visualizing the results and demonstrating the fionelities of the Application Service
Catalogue especially the ones implemented for theten thesis.
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After that short introduction to SOCRADES and thgphcation Service Catalogue we now
focus on the Query Engine.

1.3 Query Engine

“The Query Engine is the core of the search. It consumes a simple text query and returns

an ordered list of matching service types. In order to go beyond the simple query
matching of a service name or description it first uses a concrete instance of a pluggable
component called Query Augmentation.” [1] The goal of the Query Augmentation is to
extend the simple text query before processings Theans when we input a simple text
guery, a so-called search term, and more expandgdditds are generated by the Query
Augmentation, and then these keywords are subntittediery. The query usually consists of
the initial search term and the expanded keywords.

Additionally, the Query Engine consumes a Query t€an object, which contains
information about the current location, activitydaother preferences of its requester. The
Query Context is added to the query before prongdso.

Now we have been drilled down through the compaant subcomponents of SOCRADES
to the target component of this master thesisQtery Augmentation component. It is also
called Query Augmentation Module in the documeatati

e Y

Query Engine

Query Augmentation Query Context

\ 4

Figure 1.4 Query Engine

Before describing the Query Augmentation Modulel&tail, we are writing a little bit more
about the background of this pluggable component.

1.3.1 Why query augmentation?

We know that production lines may have a lot of webvice enabled devices and a backend
business application may have to administrate séyeoduction lines at different locations.
Therefore it is not possible to get a simple ov@awabout the existing smart objects.

First, simple solution the Query Engine i.e., th@plcation Service Catalogue i.e.,
SOCRADES middleware offers, is the search for ses/by keywords.

Second, extended solution is enriching the inkeywords and adds context information to
the query before processing the same search funasian the solution above. The enrichment
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of the keywords is implemented in the Query Augragoh Module which is pluggable to the
Query Engine.

Query enrichment, extension or augmentation meaasrelated terms of the initial search
term are added to the query. This raises the chaméed services instances. In order to
understand the value added by the Query Augmentafiodule read the following sample
use case:

We assume that you are searching for services atetmonitoring a boiler within your
production line. Boiler means a container in whigdtter is heated. You are starting the search
for the service instances with the keyword boilBne query boiler does not lead to the
desired result and the monitoring services havebeeh found. The reason for that could be
quiet simple. The devices that are monitoring debb@ire described by their manufacturers as
water meter. The search term and the desired risuttot correspond with each other.

Using the Query Augmentation Module will raise yochliances to find the monitoring
services. You still set up your search with thercdederm boiler. The Query Strategy then
enriches your search term by related keywords \Weter, steam, heat, and power before
processing the search. This time you will find desired monitoring services in the result.

1.3.2 Query Augmentation Module

The specification of the Query Augmentation ModdeEmands an interface that supports
several algorithms for the proper query enrichm&hus the architecture of the component is
based on the strategy design pattern [5]. The bdlexdesign of the Query Augmentation
Module allows to be extended by new strategieshiithe scope of my master thesis we
developed several simple strategies and evalubésd. t

= Wikipedia [6] is used as ontology generated andntaaed by humans. The Wikipedia
article of the initial search term of the searchves as a base to extend the search term
with related keywords. Several versions of the \p&kiia strategy are implemented based
on the words, links, and backlinks of an article.

= Yahoo Web Search API [7] represents a common seamgine. Based on the search
results two slightly different Yahoo strategies affered.

= My Web 2.0 Web Services: Related Tags [8] is a Yaeb service which seems to do
exactly what we need for our Query Augmentation MedA service that returns related
tags.

= DBpedia [9] is a large multi-domain ontology whichs been derived and extended from
Wikipedia. This strategy demonstrates how semamfiery enrichment can be
implemented.

1.4 Research questions

The Query Augmentation Module is a pluggable congmbrof the Query Engine. From this
architecture the first research question follows:

1. Does Query Augmentation increase the result qualitthe search for services on
smart devices?
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Considering the concrete implementations of stratewithin this master thesis two other
questions follow:

2. Do strategies based on human generated texts,asuahWikipedia strategy, lead to
better results than others, such as a strategg astommon search engine?

3. Which is the optimal strategy for the Query Augnagion of SOCRADES
middleware?

1.5 Formal structure

This report is divided into seven Chapters, thet@oinand the goals of each Chapter are
explained here. The first Chapter, the introductgimes a brief overview about the research
project SOCRADES to which this master thesis bedotay Introducing SOCRADES and
setting limitations for the master thesis are th@mobjectives. Chapter 2 Related Work
focuses on work related to query expansion strasedlarts of this master thesis have already
been defined in the specification of the SOCRADE®gration architecture. So the related
work treats the variable parts of the specificgtianich are the query augmentation in
general and the individual strategies. The condddas for strategies, there detailed design
and the architecture of the query augmentationnes subcomponent of the SOCREADES
project are documented in Chapter 3 ArchitectureenTChapter 4 Implementation describes
the development tools and environment at SAP Relseand compares them with other
existing tools. In addition all the Java technoésgithat have been used for the
implementation of the master thesis project atedisAfter the implementation of the project
it had to be evaluated in order to prove if SOCRAEenefits form the Query Augmentation
Module or not. Chapter 5 gives introductions how Query Augmentation User Interface
(Ul) has to be used and sums up the functionali@sapter 6 Experimental Evaluation
contains the data collection, which has been dondhe scope of a user study; the
methodology used for the evaluation and of couhge presentation and discussion of the
results. The Ul described in the previous Chapéer leen implemented for that evaluation.
The final Chapter 7 Conclusion contains some @aliiiboughts about the query augmentation
how it is used in this master thesis and preseetsi for future improvements and extensions.

1.6 Conventions

This section describes the notations and convesntitat are used throughout this report.

* The present report is composed of Chapters, thap@ls are divided into Sections
which are further decomposed in Subsections. Wineeessary, Subsections are
broken down into paragraphs.

* Bold anditalic are used for emphasis and for highlighting terraggp.
e SansSerif is used for URLSs.

* Code is used for all Java code and generally for angthihat would be typed literally
when programming.

» All resources are referenced in IEEE citation shyik this [1].
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Figures, Tables and Code extracts are numberedeirsiChapter. For example, a
reference to Figurpof Chaptei will be notedFigure i.j.

Source code is displayed as follows:

package com.sap.sii.appServiceCatalog;

.p.ijblic class QueryEngineManagedBean {

A WN P
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Related Work

2.1 QUErY EXPanSion ....ccucusmssmsmssssmssmsmssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssesssssssssssasssssssssssses 9
2.2 Consuming WiKipedia .....ccoummmsmmmmmsmsmsmissssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssnss 10
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The Service Application Catalogue of SOCRADES iferifig a Search Engine in order to
look for Web Services offered by Smart Devices. Wan objective of this master thesis is
the implementation and integration of the Query wWegtation Module, which helps to
improve the Search Engine. Balke and Wagner shodhhow common knowledge helps
for the discovery and selection of Web ServiceseyTlonsidered user preferences and
common knowledge of certain domains to improvedhbality of service provisioning. The
general idea of my master thesis has been givenvelsas the general architecture and the
development environment which were already defimgthin the specification of the
SOCRADES integration architecture [11]. For the u&ugmentation one of the proposed
concepts takes advantage from the web of knowlduageis the semi-structured information
available on websites. The use of the web of kndgdeensures that, for instance, searching
for an RFID reader would also return Auto-ID readd8ecause of that the search for related
work mainly focuses on work related to the alganighfor the Query Augmentation and their
foundations. We call these algorithms query augatent strategies. But before defining our
own strategies we are looking for ideas and satstito similar problems. They give us
valuable inputs for our project.

One of the first ideas at the very beginning os timaster thesis was to use Wikipedia as a
large, multi-domain web of knowledge for the quarygmentation strategies. Therefore we
had a look at Wikipedia projects to see what alyeadsts and what possibilities Wikipedia
really presents to us. The main focus of this Cérast therefore put on Wikipedia projects.
But let us start with a short Section about quemaasion in general.

2.1 Query Expansion

Query expansion is a process of enhancing originedry formulations in information
retrieval. We consider consuming online resourgeadzessing public web services such as
MediaWiki API [6], Yahoo Web Search [7] or Googldd AX Search API [12] for the Query
Augmentation of SOCRADES. Usually original queriase short and under-specified
therefore enhanced terms help to improve the vetrief services from the SOCRADES
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Application Service Catalogue. In the context of eaarch engine, query expansion means
evaluating a user’s input and expanding the sequary to match additional services (cf.
[13]). Finding techniques for the query expansialsp called Query Augmentation for the
Query Engine, is the goal of the study of the eslavork.

The paper “Query Expansion Based on a Persondiizelnl Search Model” [14] is proposing
a query expansion algorithm. The suggested solusia middleware between the user and
the web search engine. The middleware can leasegsupreferences implicitly, generates a
user profile and uses it for finding more persareli expansion words, which are then added
to the query before submitting it. A user’s profike generated on the basis of the user’s
visited web resources.

The Query Augmentation of SOCRADES can be regaedethiddleware too. It is a system
between the user and the actual search engine &r services. So far the Query
Augmentation is not intended to be personalizedsibigh an approach could definitively be
used to optimize SOCRADES. Personalization shoseldhecked on different levels. Maybe
it is not necessary to generate a user profileuger but rather per user group or even only
one per system. Such a query expansion is supgdheuser’'s search intention. Per default
SOCRADES must not work domain specific. By introdigca profile per user group or
system for the query expansion SOCRADES could becaware of the different intentions,
context, industry or general surrounding of the. usecontrast to the Personalized Search
System [14] we do not expect different resultsitedent users, but the optimal result within
the whole system. That also strengthens the ideatadducing one profile per system in
order to differ from other uses.

According to [14] it is necessary to determine thanber of expansion words. Too many
search terms might bring in noise and a searcmemgiturns many irrelevant results. That is
a very important point for all the techniques ofegu expansion and it is taken into
consideration in our work too. The last interesimgut we found in [14] is the fact, that there
were no resources for large scale evaluationsrimiéad the proof of concept was made by
experiments. To sum up the Personalized Searcler8yfit4] is a broad query expansion
system with lots of inputs to our Query Augmentation general. The query expansion
presented in [14] is based on the web history esex and therefore personalized. By contrast
we are thinking about a more general query expanaia@ we want to use Wikipedia as a
foundation, which is treated in the next Section.

2.2 Consuming Wikipedia

Considering the words that appear in a Wikipedigclar as a foundation of the Query

Augmentation is the basic concept of our appro¥iéd.have chosen Wikipedia because it is
not domain specific, contains a lot of articles drab an active community. With related
projects we can prove the helpfulness of Wikipediad in addition we describe different

solutions to access Wikipedia.

The research on Wikipedia is very active and alaesearch work exists. Here is a selection
of works, which gave important input to our workadblechner and Siorpaes [1&} using
Wikipedia entries as ontology elements and show ils of Wikipedia entries are reliable
identifiers for ontology concepts. The identifiafsthe articles are the URIs. Wikipedia may
be the largest existing ontology. Currently the lismgversion of Wikipedia has more than
2'653'000 entries, which means it holds unique tdiems for more than 2'653’000 concepts.

10
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The Wikipedia community, which is maintaining thentent, seems to work very consistent.
According to [15]only 5% of the concepts/articles change in a magmse during their
lifespan. So the Wikipedia can be easily used a®laygy without modification. But
difficulties with Wikipedia are documented in [1&Jo. One of the problems is that certain
terms have several meanings. If one is then refigo wrong concept the intentions of the
user are misunderstood, which can lead to incomlet/or inconstant results.

“Wikipedia as an Ontology for Describing Documen(f$6] is using Wikipedia articles to
predict concepts common to a set of documents.r8leaigorithms are described to aggregate
and refine the result. The experiments of that vabréw that it is possible to predict concepts
common to a set of documents by using the Wikipedigle text and links. “One general
approach to describing what a document is abdotuse statistical techniques to describe the
words and phrases it contains.” Another approacidcbe to tag the document with relevant
terms that represent semantic concepts such ap¥diki articles. The tags correspond to the
URI of a Wikipedia article. The Wikipedia entriespresent a consensus view of a community
of users, they are maintained by a community arey ttan be accessed for free. And
hopefully the Wikipedia articles deliver detaile@sdriptions of a document. All this are
benefits of Wikipedia mentioned in [16].

Consequently Wikipedia seems to be a good founa&dioimproving search results. But how
can we extract the useful and interesting infororafrom Wikipedia articles. One possible
answer is presented by Google. Google definitifelynd successful search strategies. And
the main features of Google are used within ounsrgation strategies too. The fundamental
ideas behind Google are presented in [17] by Bnid Bage. Google is querying the web,
which heavy uses structured hypertext and whidajrasving rapidly. Wikipedia meets these
two requirements too. Brin and Page say that rglgim keyword matching usually returns too
many low quality matches for a search request. 8oge makes use of link structure and
text that provide a lot of information for makinglevance judgments and quality filtering.
Google makes use of the link structure of the Webalculate a quality ranking a web page.
This ranking is called PageRank. In addition Goaglézes links to improve search results.
The PageRank is calculated by counting citationsagklinks of a page. The analysis of links
is not only used by Google. In [16] Syed et al. dad only work with Wikipedia articles but
experimented with the article links too. So thelgsia of links is definitively a point we kept
for our Query Augmentation. The strategies showltionly be based on Wikipedia articles
but maybe on links, backlinks and other structuepressions within the articles.

Another very similar problem has been solved byant of the HP Laboratories in India.
They successfully demonstrated the value of usingip&dia as a source for enriching
content [18]. The clustering system of [18] useskipédia to categorize news feeds. The
news feeds themselves contain only a few words mitimal information. Wikipedia is used
to enrich the content and then summarizing simm&aws feeds. So it is another project that is
adding value to its initial information using Wildgdia. As all the Wikipedia projects we
evaluated the system developed in [18] is based database dump of Wikipedia and thus
works with an offline version of Wikipedia. We rathdecided to use a more dynamic version
by connecting to the live version of Wikipedia wkear possible. That way we can profit
from the latest entries and ameliorations. Nevégse there is an interesting point about the
offline version of Wikipedia as used in [18]: thevehloaded dump has been cleaned before
usage. That means that articles such as tempiagsshort articles and articles describing
Wikipedia itself have been removed before usingstystem for the content enrichment. Such
a cleaning or filtering of articles is considereithim our work too.

11
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2.3 Semantic Web

We are not only thinking about traditional web re®es and web search engines but also
consider newer web technologies such as the samaet. With the Semantic Web web
pages are understood no longer only from humansinbcertain ways from machines too.
New structured and formalised information beconsable for automatic processing. Today's
search engines do not know the semantics of upatsrand web pages and the semantic web
and semantic search engines want to overcomeirgtion.

Established technologies in the semantic Web ar& EResource Description Framework)
[19], OWL (Web Ontology Language) [20] and microfats [21]. While one can make
structured information available with RDF, OWL deses the ontology, provides meta
information and links these together. SPARQL [Z2}hHe query language for RDF and thus
for the Semantic Web. As one can guess by its n#dmees is a certain similarity to SQL, but
the function range is smaller and more limited. ¥8a search within the semantic web as in
the “normal” web. We just need other tools do tattiools, examples and lots of works on
that subject can be found on the project web pa@Bpedia [9].

The DBpedia project [9] is the Wikipedia project thie Semantic Web we are describing
now. “DBpedia is a community effort to extract stiured information from Wikipedia and to
make this information available on the Web. DBpeadiaws you to ask sophisticated queries
against Wikipedia, and to link other data sets lb@ Web to Wikipedia data.” [9] The
structured information that has been extracted fiikipedia combines the information into
a huge, cross-domain knowledge base called DBt set. In order to identify semantic
concepts DBpedia uses the URI of Wikipedia articte®. A Wikipedia URI (e.g.
http://en.wikipedia.org/wiki/RFID ) becomes a DBpedia resource URI (e.qg.
http://dbpedia.org/resource/RFID ). DBpedia is not only identifying things, the
more important task of DBpedia is to describe thinga Wikipedia article, Wikipedia
categories and YAGO [23]. YAGO is a huge semanticvkledge base that knows more than
2 million entities (like persons, organizationgies, etc.).

“DBpedia uses the Resource Description FramewolRHRas a flexible data model for
representing extracted information and for pubtighit on the Web. We use the SPARQL
query language to query this data.”[9] The profeaim is offering an online access [24], with
limited data sets loaded, hosted on an OpenLinkuvso server [25]. Datasets can also be
downloaded and installed on an own back-end daaleagine. In contrast to the real
Wikipedia the following information and descriptof Wikipedia articles are available in
datasets. Here is a list of the core datasets Ha] tould be interesting for the Query
Augmentation of the Application Service Catalogue:

» Titles; titles of all Wikipedia Articles in the a@sponding language.
Short abstracts; Short Abstracts (max. 500 chaug)lof Wikipedia Articles.

» Extended abstracts; Additional, extended Engligirabts (max. 3000 chars long).
» Links to Wikipedia article; Links to correspondiAgticles in Wikipedia.

* Atrticle categories; Links from concepts to categsriusing the W3C’s Simple
Knowledge Organization System (SKOS) [26] vocabular

« Pagelinks; Dataset containing internal links betwB&pedia instances. The dataset
was created from the internal pagelinks betweeniWdia articles. The dataset might

12
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be useful for structural analysis, data mining @r fanking DBpedia instances using
Page Rank or similar algorithms.

* Redirects; Dataset containing redirects betweeitlastin Wikipedia.
e Disambiguation links; Extraction from Disambiguatidemplates.

Checking this list, DBpedia seems to be a sourdh wailot of potential for the Query
Augmentation.

13
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This Chapter documents the most important factautakite software architecture of this
master thesis. It is mainly describing how the gdeallected in Chapter 2 Related Work are
realized in the Query Augmentation Module.

Figure 3.1 gives an overview of the components hliaae to be implemented in the scope of
this master thesis. Basically it is a traditionda@er client server software architecture in the
web environment. At the top there is the Query Aagtation GUI. On the Java EE Server
below is the Query Augmentation Module. The cork taf the present master thesis is the
development of the concrete query strategies. Toxeréhe main focus of this Chapter is put
on the concept and design of the query strategies.

It is not possible to treat the complete desigraiteebf the Query Augmentation Module in
this report. We refer to the source code and tvadix of the Query Engine component
(available on [27]) that documents the work in deta

14
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3.3 Query Augmentation GuUl

: o Client
- Dynamic Client Tier M;’;ine
“HTML Pages :

Java EE
Server

Database
Server

Figure 3.1 Architectural overview in style of Figure 1-1 of [28].

Chapter 1 Introduction gave a general overviewhef architecture based on a top down
approach (1.1 SOCRADES, 1.2 Application Servicealogiue, and 1.3 Query Engine).

Contrary to the introduction this Chapter is buwifi on a bottom up approach. In order to
understand the architecture of the master thesisoth level details and leading thoughts are
documented first in Section 3.1 Query strategiefie Tsecond Section 3.2 Query
Augmentation Module describes how we brought togrethe different strategies within one
component in terms of software architecture. ThedtlSection describes the ideas of the
Query Augmentation GUI. And finally the Section Fditure Work lists ideas for future

improvements of the component, which came up duthey development of the Query

Augmentation Module but could not be included disec

3.1 Query strategies

The strategies for query enrichment are the fouodatf this master thesis and they are kept
general as SOCRADES is not a domain specific implgation by default. According to the
specification [1] it is planned to use the SOCRADRtgration architecture in automation,
energy and insurance industry.

This Section is answering the question how the resburces are accessed and treated within
the Query Augmentation. As mentioned in 1.3.2 Quengmentation Module we decided to
develop query expansions strategies on the babe dWikipedia [6] Yahoo Web Search [7],
and DBpedia [9]. Among the common search engindso¥bhas been chosen because of the

15
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offered API. Yahoo Web Search is the largest wetsckeengine offering a REST interface
and returning a XML document. A REST interface whoa simple integration into Java
business applications with little effort. In corgrdo Yahoo! Google offers the Google AJAX
Search API, which is RESTful but returns JSON fdrij2®] only. And Microsoft’'s live
search features a SOAP API.

The foundation of the query strategies is definadl the next step that has to be defined is the
treatment of the web resources. How can usefulnmition be extracted and enrich a query?
In order to keep the method simple the basidextfanalysishave been examined. One sort
of text analysis is the statistical one. This meamsnting particular features of the textual
data and then applying mathematical transformatiéusording to [30] the simplest type of
statistical text analysis produces frequency liftsvord-forms, usually arranged from the
most to the least frequent. The frequency of wardhs is only roughly related to what a text
says, but it is related, and so it is worth to waikh. This text analysis method is part of the
Query Augmentation Module and in the context of tiwork it is calledWord Frequency
Counter. The Word Frequency Counter of the Query AugmentaModule works with a
user defined stop word list. This list is composdédvords that have to be ignored in the
frequency list of word-forms. ‘Is’, ‘are’, ‘and’,of’, ‘all’, and a lot of other common words
are part of the stop word list, as they are quegudent in an article but do not have a relation
to the query.

Consequently the general method of enriching ayqueuld be described like this: A user
defines a simple query e.g. “Temperature” in thepligation Service Catalogue. The sub
component Query Augmentation Module requests thimete web resources (Yahoo! Web
Search, Wikipedia and/or DBpedia) for the querglyaes the response (web search result or
Wikipedia article) with the Word Frequency Countand finally enriches the query with the
most frequent word-forms found. The enriched quieryhen used from the Application
Service Catalogue to find available Web Servicdhiwithe system.

The described method builds the frame for all qustrgtegies. From the coding perspective
the following steps have to be implemented fro esichtegy:

1. Compose the request URE.g. compose an URL for querying the MediaWiki &Pl
order to get the latest revision of the Wikipediacde “Temperature”.

2. Execute the web request and get the data from #ie Bvg. get the search result of
the Yahoo! Web Search for the query “Temperatune”the format of an XML
document.

3. Extract the useful information, text, or other dixtan the answer of the web request.

4. Clean up the extracted datag. remove the punctuation as it is not relevanttfie
Word Frequency Counter.

5. Split the cleaned text into an array of single veord

6. Calculate the frequency of each word in the texhwine Word Frequency Counter
and return the top ones, which represent the augthdeywords.

The three sources Wikipedia, Yahoo! and DBpedid teahe three main query augmentation
strategies of the Query Augmentation Module docuswm the following Subsections: 3.1.1
Wikipedia Strategy, 3.1.2 Yahoo Strategy, and 30Bpedia Strategy. During the analysis
and design of the single strategies some extensiothglternatives have been discovered and
out of the three main strategies eight concretenaumgation strategies have been developed in
the Query Augmentation Module:

16
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* 4 Wikipedia strategies,
» 3 Yahoo! Web Search strategies, and
* 1 DBpedia strategy.

The strategies, the derivates and the specialrisatnf each strategy are the subject of the
following Subsections.

3.1.1 Wikipedia Strategy

At the beginning the Wikipedia Strategy focusedtbe words of the article only. While
processing some tests and analysing the articldeabme clear that Wikipedia articles
contain more information for the query enrichmekd. Google [17] the Wikipedia Strategy
could make use of links, backlinks, and formatiiegails within the text analysis.

Consequently several algorithms build upon the YéHia Strategy. Here’'s a short
description of the ideas behind the basic strateglall derived ones. The input of the Word
Frequency Counter differs between the single Withipstrategies.

Wikipedia Strategy The Word Frequency Counter is applied on...
WikipediaStrategy theomplete Wikipedia article.
WikipediaStrategyLinks thelinks of a Wikipedia article.
WikipediaStrategyBacklinks theacklinks of a Wikipedia article.
WikipediaStrategyBoldAnditalics| thebold and italic words of a Wikipedia article.

Table 3.1 Wikipedia strategies

3.1.2 Yahoo Strategy

Querying the Yahoo! Web Search with the initial yuthe Yahoo! REST API returns a result
set that contains the information for the querymaegtation. E.g. this URL requests the top
10 results for the query “Temperature”:

http://search.yahooapis.com/WebSearchService/V1/web Search?appid=Yaho
oDemo&query=Temperature&results=10

The result set is always retuned in a XML documsnictured like Code 3.1. The basic
Yahoo StrategyYahooStrategy) of the Query Augmentation Module is using thelexlon
of the Summary elements as input of for the Worhkency Counter.
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1 <ResultSet  xsi:schemalocation ="urn:yahoo:srch
http://api.search.yahoo.com/WebSearchService/V1/Web SearchRespons
e.xsd"

2 type ="web"

3 totalResultsAvailable ="707000000"

4 totalResultsReturned ="1"

5 firstResultPosition ="1"

6
moreSearch ="/WebSearchService/V1/webSearch?query=Temperature& app
id=YahooDemo&region=us">

7 < Result >

8 < Title >temperature: Definition from Answers.com</ Title >

9 < Summary>

10 temperature n. The degree of hotness or coldn ess of a body
or environment. ... Thermometers measure temperatur e by a number
of means, including the expansion ...

11 </ Summary>

12 < Url >http://www.answers.com/topic/temperature</ Url >

13

14 </ Result >

15

16 </ ResultSet >

Code 3.1 Yahoo! Web Search result set

Compared to the extensive articles of Wikipediagtemaries of the Yahoo result sets seem
to deliver less information. Because of that a vdge of the Yahoo Strategy has been
developed. The strategy is call¥dhooStrategyKeywordsand it continues processing the
result set of Yahoo instead of using it for thet xalysis. The strategy is also called “Yahoo
— Extracted Metadata Of Top Results” - Strategy tad already explains the idea behind it.
This concrete strategy makes use of the Url elenoénthe Web Search result set and
continues processing the URLs. This Yahoo Strateggquesting the web resources of the
URLs and extracts the metadata description and &edsvfrom it. The collection of all the
descriptions and keywords then builds the inpuhefWord Frequency Counter of the Query
Augmentation.

E.g. Code 3.1 contains the Urtkp://www.answers.com/topic/temperature in the
result set, which in turn contains the metadatestithted in Code 3.2.

<html>
<head >

A WN P

<meta name="description" content ="temperature: Web Search
Results from Answers.com” >

<meta name="keywords" content ="temperature, Information,
reference">

(&)

~N O

</ head >

Code 3.2 HTML metadata
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Yahoo Related Tags strategy

Besides the common web search Yahoo is offering ¢dtother web services. The Web
Service Yahoo Related Tags [8] seemed to mergeeqfrfwith the idea of the query
augmentation within SOCRADES’ Application Servicat@logue. This Yahoo! Web Service
is retuning related tags for a query. Theses mltdgs could serve as the keywords of the
enriched query.

For the implementation the steps with the text ysigs] text preparation and the Word
Frequency Counter within the augmentation algoritbam be neglected. Therefore this
strategy causes the least work within the Querymergation Module.

3.1.3 DBpedia Strategy

“The DBpedia data set is a large multi-domain aydgl which has been derived from
Wikipedia.” [9] Basically DBpedia is another intacke for accessing Wikipedia articles.

DBpedia differs from MediaWiki API in the followingoints:
» DBpedia is a project of the Semantic Web.
* DBpedia is based on a database dump of Wikipedia.
* Wikipedia is enriched with the DBpedia ontology.

* DBpedia can be accessed via the Jena framework t[&i] is a framework for
Semantic Web applications.

DBpedia offers a lot of additional internal and eddexternal information about Wikipedia
articles that cannot be extracted from Wikipedizctly. The DBpedia Strategy of the Query
Augmentation Module does not yet benefit from tbeamtages of the Semantic Web and the
DBpedia ontology. But this strategy provides a pmfoconcept, that the Wikipedia can also
be integrated via a Semantic Web application.

3.2 Query Augmentation Module

The previous introduced query augmentation strateave to be brought together in the
Query Augmentation Module. The main requirementghefcomponent are that it has to be
extensible and pluggable Extensible means that the component has to affesimple
interface for the integration of additional straésg Pluggable in this context means that the
Application Service Catalogue has to work with amdhout the Query Augmentation
Module. If these two requirements are respectedthery Augmentation Module does not
lock the architecture with a search method thabisappropriated in a running instance of the
SOCRADES architecture.

The specification of SOCRADES integration architeet[11] requires the use of the strategy
design pattern [5] for the Query Augmentation Ma&luhfter the definition of the general
query augmentation algorithm in 3.1 Query strategfie template method design pattern [5]
seams to be appropriate. These two patterns déffieerough structure of the Query
Augmentation Module. The following Subsections devoted to these patterns and other
relevant principles of the object oriented progranmgn
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3.2.1 Strategy design pattern

The strategy pattern belongs to the behaviourabgdgsatterns. E. Gamma et al. define the
intent of the pattern in [5] as following. “Defirsefamily of algorithms, encapsulate each one,
and make them interchangeable. Strategy lets tfw@itdm vary independently from clients

that use it.” The definition represents the requeats of the Query Augmentation Module

perfectly. The Query Engine component has to be ablcall its subcomponent Query

Augmentation for the enrichment of a query withegt&in, interchangeable strategy.

Stl'ﬂtﬂg'\.‘

Context e m Strategy

Contextinterface]) Algorithminteriace()
ConcreteStrategy A ConcreteStrategyB ConcreteStrateqyC
Algorithrminterface() Algorithminiarface() Algorithminterface()

Figure 3.2 Strategy design pattern [5]

Strategy declares an interface common to all supportedrigfgons. TheContext uses this
interface to call the algorithm defined by @oncreteStrategy A ConcreteStrategy
implements the algorithm using the Strategy intsfa

Table 3.1 lists the java classes of the Query Augat®n Module that are part of the strategy
pattern. A class diagram of the component is digalaat the end of this Subsection on Figure
3.5.

Participant of Java class of the Query Comment

the design Augmentation Module

pattern

Strategy Strategy The interface offers one metladiea

‘getEnrichedKeywords’ which returns
the enriched input query.

ConcreteStrategy ConcreteStrategy ConcreteStrategy is the only
ContreteStrategy that directly
implements the interface, it is the
YahooStrategyKeywords implementation of the general query

YahooStrategyRelatedTags augmentation algorithm, and therefore
it is an abstract class.

YahooStrategy

DBpediaStrategy
WikipediaStrategy
WikipediaStrategyLinks
WikipediaStrategyBacklinks
WikipediaStrategyBoldAnditalic
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Participant of Java class of the Query Comment

the design Augmentation Module

pattern

Context StrategyContext Exposed a WebService avaB&an
in order to be called from outside.

Table 3.2 Strategy pattern - classes

Two questions rose with the application of thetstyg pattern:

1. How can the common parts of the query augmentaitategies be integrated without

writing redundant code?

As already mentioned the general query augmentafigorithm can be defined within a

Template Method. The steps of the algorithm coldd &e in the Strategy interface. But
as the sequence of the method calls is the sanmeabbr strategy it would be smatrt if they
are integrated into a Template Method, which isudoented in the next Subsection 3.2.2

Template method design pattern.
2. How can the concrete strategies be called fronCibreext dynamically, that the Context

does not have to be touched if concrete strategesdded to the Query Augmentation

Module?

This question is answered in the Subsection 3.8r&abic class loading.

3.2.2 Template method design pattern

Template Method is often used for defining the atga’s steps of a Strategy (cf. [5]) and so

it is in the case of the Query Augmentation Modole According to E. Gamma et al. [5] the

Template Method defines the skeleton of an algorith an operation, deferring some steps

to subclasses. Template Method lets subclasseBnedertain steps o an algorithm without
changing the algorithm’s structure.

AbstractClass

oo
TemplateMethod() o--f--————---—-- ﬁ'rim;tih-nope rationi ()
P.ﬁ'”:'l'!."t’-&'@”t'rﬁ!l'ﬂ” Jlfl.i' P
PrimitiveOpetation2() PrimitiveOpearation2()

;

ConcreteClass

PrimitiveOperation1()
PrimitiveOpearation2()

Figure 3.3 Template Method design pattern [5]

The AbstractClass of the Query Augmentation Module is the Concre@8gy that
implements the interface of the Strategy pattetme Template Method and the Primitive
Operations of the Query Augmentation Module artedisn the following table:
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AbstractClass Java method name | Comment

TemplateMethod getEnrichedKeywordbnplemented from Strategy interface.

The main template method basically
implements the 6 basic steps described at

page 16.
PrimitiveOperation1 getURL Composing the request URL.
PrimitiveOperation2 getDataFromWeb Executing the web request and datfdam
web.
PrimitiveOperation3 getSummary Extract useful information.

PrimitiveOperation4 getCleanedSummary,  Clean up the extracted data.

PrimitiveOperation5 getStringList Split the text into an array of single words.
PrimitiveOperation6 getKeywords Get the most frequent word-forms frdm |t
text.

Table 3.3 Template Method pattern - classes

Some of the algorithm’s steps are common withinagonity of the concrete strategies and
therefore the template method is not only usedHerdefinition of the Primitive Operations
but offers a default implementation of them too.

If a default implementation cannot be used withirceatain strategy it can always be
overwritten in the derived class. An overwrittenthzel always means a complete different
implementation of a certain step of the query augaten algorithm. In the case of the
methodgetSummary, which is extracting the useful information of abmequest response,
has a general and a strategy specific part. Thaplaxity can be solved with hook methods.

Hook methods

A hook method is a method which is called from anpteMethod. The functionality of the
TemplateMethod is shifted to the HookMethod to \allocustomisation of the
TemplateMethod's functionality by later (e.g. imerived class) changing the hook method
(cf. [32]).
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1 public abstract class ConcreteStrategy {

2 public String getSummary(InputStream doc) {

3 /I template method

4

5 summary = doGetSummary(summary)

6 /I call hook method

7 }

8

9 public String doGetSummary(String summary) {

10 /I default implementation of the hook method

11 }

12 }

13

14 public class WikipediaStrategy extends ConcreteStra tegy {
15 public String doGetSummary(String summary) {

16 I refined implementation of the hook method
17 }

18 }

Code 3.3 Hook method

An example of a hook method with the Query Augmeoma Module is the method
getSummary and its hook methogbGetSummary .

|
1
ConcreteStrategy
{ From concreteStrategies }

Attibutes
Opedtions.

public String getXpath )
ing

result)

YahooStrategy

{From e ategies } DBpediaStrategy

{ From concr

WikipediaStrategy
{ From concreteStrategies }

private String appid = 'ugaarBHY34GvoEK_zCISYVarvhiCl

YZ301NpmL>

public String getappid( ) Qperation: rom Conerete Strategy Qperations
i

protected String doPrepareSummanyForGleaning( Siring summay) RUDli Sty g ooy Goerations Rederined From Gonorete Stategy
public String[0.* gathodeList( ) public String getxpath( )

Operations Redeiined From Conerete Strategy public URL getURL( String query, intlimit) public String(0.*] gethodeList )
public InputStream getDataFromeh( URL url) public URL getURL( String query, int limit)

public Sting get<path( )

public Stringl0.*] gethodeList( )

public URL getJRL( String query, int limit)

protected String. doGetSummary( String summary )
public String getGleansdSummary( String summary )

public String doGetSummary( St
public String getCleansdsumm

Figure 3.4 The hook method doGetSummary

Explanation of Figure 3.4ConcreteStrategy implements the genergétSummary method
and offers the hotspotdoGetSummary for the customisation of thegetSummary .
YahooStrategy ~ and WikpediaStrategy make use of this hotspot and implement the hook
method DBpediaStrategy ~ has a complete differepétSummary method and is rewriting it.

3.2.3 Dynamic class loading

Within the Context of the Strategy pattern the dafing question rose: How can concrete
strategies be called dynamically so that the Cdrders not have to be touched if strategies
are added to the Query Augmentation Module?
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The Context of the Query Augmentation Module, shategyContext , Iis the interface to
the world outside the component. In order to be abluse the Query Augmentation Module
the interface of the Context and the name of thalave concrete strategies have to be
known. In a first approach an array of valid stggt@eames has been published. The strategy
names have been short and easy to remember e.kipédia” for the basic Wikipedia
Strategy.

Within the Context the concrete strategies have besded with if — else statements:

1 if (strategy == “wikipedia”)
2 Strategy s = new WikipediaStrategy()
3 else if ...

Code 3.4 Static class loading

If somebody wants to a new concrete strategy toQbery Augmentation Module a new
strategy name has to be published and the Condsxiichbe updated with an additional else-if
case.

This problem leads us to the dynamic class loadirigin the Context as documented in Code
3.5. Instead of delivering a short strategy naméh&o Context, the Context now expects a
class name of an existing strategy (e.g.
com.sap.sii.appServiceCatalog.queryEngine.strategy. concreteStrategies.Wikip
ediaStrategy ).

For the human the class names are more complitatesmember, but for the flexibility of
the component the dynamic class loading is a mieguate solution.

1 I create the strategy instance of the defined stra tegy type.

2 Class c = Class.forName(strategyClass);

3 Strategy strategy = (Strategy) c.newlnstance();

4 /I call the getEnrichedKeywords of the defined stra tegy type.

5 ResultSetTable result = strategy.getEnrichedKeyword s(query,
limit, result);

Code 3.5 Dynamic class loading
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3.2.4 Architectural overview of the Query Augmentation
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Figure 3.5 Architectural overview of the Query Augnentation
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3.3 Query Augmentation GUI

The Query Augmentation Module is part of the QuEngine, which is a subcomponent of
the Application Service Catalogue that in turn isc@mponent of SOCRADES (cf. 1
Introduction). Within the scope of the present reaghesis the integration of the Query
Augmentation Module is guaranteed but not fulfillddhe integration is provided via Web
Service offered by the Query Augmentation Moduléhe Strategy Context. In order to be
independent of other components of SOCRADES a singuiery Augmentation GUI has
been developed. Technical details of this GUI aseussed in Section 4.2 Java EE of Chapter
4 Implementation and a detailed description is gimeChapter 5 User manual.

3.4 Future Work

During the implementation and evaluation of the IQusugmentation Module a lot of ideas
to improve and extend the component came into ond nfior instance regarding performance
issues (e.g. caching). This Section describesdite of tagging a little bit more in detail.

3.4.1 Tagging

While reading and reasoning about query expansienri@d to widen the research area. A
tagging system for the types of services within EBOES could be integrated into the
search component and improve the search for service. A research group of the
Telematica Instituut of Nederland did study tagsifiormation systems. They developed and
verified a TV-guide that offers recommendationsusers on interesting programs according
to their taste. Participants were asked to tagnabeu of TV programs [33].

The need of tags is justified by the fact that tisers of the recommendation system use
rather different vocabulary than the TV-guide argjor. The original TV-guide is using
different words, terminology for the descriptioi@ften original descriptions are not precise
or just too long and because of that reasons theyaeat noticed. In order to understand the
originator more prior knowledge is needed that banreasonable expected from users, cf.
[33]. For that reasons the Telematica Instituuteligyed a TV-guide tagging systems that lets
the user classify and organize the content by thans of tags. A tag can be described as a
user-generated index to content. Different typesagé are recommended in [33]. With the
attitude tags that reflect the participant’s opmiowards a program they could improve the
quality of the recommender system. And the mosontgmt outcome of [33] is the following:
“We saw that participants provided a much more aiaded terminology for the genres than
the genres used in the professionally added metddas]

For all that reasons we could consider includingtagging concept into the Query
Augmentation or the Search Engine in general. G: dhe hand it could serve as a
recommender system with indirect or direct influeno the Query Augmentation strategies.
On the other hand it could just be used to add nebaborated terminology to service
descriptions and thereby improve the search results
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Implementation
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This Chapter is describes the implementation enwmrent of this master thesis. Tools and
technologies that are used for the realization led Query Augmentation Module are
explained in the following Sections. The first Sewctis about the SAP development tools,
which are the runtime environment and the integradevelopment environment (IDE).

Advantages and disadvantages of the SAP environarah@an alternative development tool
are mentioned too. Java Enterprise Edition (Javg &f&d the used components are
documented in the second Section. And the endeoCtiapter gives a short overview about
the consumed RESTful Web Services.

4.1 SAP NetWeaver

SAP NetWeaver [34] is an integrated technologyfptat and the technical foundation for
most SAP solutions. It is a development and runteneironment and consists of a lot of
components and tools. SAP NetWeaver Applicationv&erSAP NetWeaver Business
Process Management that provides tools to modetLut®, and monitor business processes,
and SAP NetWeaver Portal that unifies businesgnmftion and application to user specific
views are some examples of components of SAP Net#vearhe SAP NetWeaver
Development Studio that offers rich functionality ideveloping Java applications and SAP
NetWeaver Visual Composer that simplifies the gati@n of portal content or offers
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customization by using visual user interfaces ai® SletWeaver tools. More information
about SAP NetWeaver is available on the SAP honmef&4.

Generally we use the SAP Application Server (SAP AS a runtime environment for the
SOCRADES integration architecture and the SAP NetWe Development Studio (NWDS)
for the development. The following Subsections dbschow we made use of these
NetWeaver components and how we experienced theoonmparison with the GlassFish
application server [35] and the NetBeans IDE [36].

4.1.1 SAP NetWeaver Application Server

“SAP NetWeaver Application Server brings togetherp@ven infrastructure with the

interoperability and flexibility of Web servicescteology. With this component of SAP

NetWeaver, you get support for platform-independéfab services, business applications,
and standards-based development.

SAP NetWeaver Application Server (SAP AS) providesopen and reliable infrastructure
for deploying highly scalable Web applications &kdb services.” [34]

As all application servers SAP AS offers functioasd features for the development,
deployment and maintenance of applications. Managedrity, scalability, performance and
high availability are ensured by the server. ThePSNetWeaver Application Server is
especially developed for SAP solutions mainly suppg Java EE and ABAP applications.
ABAP is a high level programming language develofsd SAP, therefore some SAP
solutions are implemented in ABAP.

We use SAP AS as a runtime environment for SOCRADR#ftch means that we are running
Java EE applications on the server. SOCRADES uagea Web Services Technologies,
enterprise application technologies such as EnserglavaBeans (EJB) and Java Persistence
(JPA) and Web Application Technologies such as Sameer Faces (JSF) and JavaServer
Pages (JSP). All of them are supported by the SAPligation Server that is fully compliant
with the Java EE 5 standards.

Advantages

The most important advantage of using the SAP Natwie Application Server to run
SOCRADES and therefore the Query Augmentation Mediilthis master thesis is that the
server is a SAP solution and the foundation on wmost of the SAP products run. Although
SOCRADES middleware is a research project it hdpefuill be integrated into the SAP
products one day. For that further integratiorsiin advantage if the application is already
running in a SAP environment. A possible integmti® proved and the changes can be kept
to a minimum, which finally means less work for theegration team.

Another advantage of the SAP AS is the stable enuiient and the high availability of the
system. In comparison to the GlassFish applicasierver [35] it seams as SAP put more
weight on scalability, performance, security andikbility.

Disadvantages

The fact that the SAP Application Server is stabkeans that it has a lot of securities and a
good error handling implemented. This can also desadvantage. It makes the server heavy
and slow. The server needs lot of resources aisdnibt recommended to run an instance of
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the server on the developer's machine. Hence redeltagging becomes a necessity, which
slows down the development process again. Altogdtieedeployment, first run of a newly
deployed application and the debugging take a fotime and it seems to be a big
disadvantage for the SOCRADES projects. These ¢jare in a research and early
development phase and need a lot of deploymentsi@imalgging, which would be easier and
faster on a light development environment suchragagplication server that does not need
lots of resources, that is fast and can be instdtleally on the developer’s machine.

The SAP implementation of Java EE 5 standards ashan disadvantage of the NetWeaver
Application Server. It seams that SAP’s implemeatabf Java EE does not meat SUN'’s
reference implementation of the standards. We @eapeexperienced that behaviour within

SAP’s implementation of Java Persistence. In anldittAP’s documentation of Java EE
applications is rather minimal and structured uacle

Conclusion

There is a danger of overkill for projects in tleairly state as the SOCRADES projects. As
soon as SOCRADES is in a further state and as asahis more elaborated and stable this
situation may change and the SAP NetWeaver Apphicederver will be a good, stable and
secure environment. But for the first proof of cepicof a research project we would prefer
using a lighter application server.

4.1.2 SAP NetWeaver Development Studio

SAP NetWeaver Developer Studio (NWDS) is an integta&nvironment for the development
of Java EE based multi-tiered business applicatitthgs based on the open-source IDE
Eclipse [37] and provides an open and extensibleldpment environment using Java and
Web services. SAP has enhanced the standard Edlipsgonality with a comprehensive set
of design, construction, and maintenance toolsabe¢r the full software life cycle (cf. [34]).

The whole SOCRADES team is working with the samesiee of the NWDS, which has
been defined in the specification of the projedt [lhe project’s code is managed in the
version control system Subversion [38]. Therefoubdpse [39], an Eclipse Team Provider
plug-in providing support for Subversion within teelipse IDE, has to be added to the SAP
default installation of the NWDS.

We do not document more details about handling @rdiguration of NWDS. Interested
readers find details about coding and deploymetit WWWDS in the Appendix E Deployment
with NWDS.

Advantages

Like the SAP AS the NetWeaver Developer Studiaisndéernally developed SAP tool thus it
is supported at SAP too. That is a convenience@NWDS. Whatever problems a developer
meets, there are online resources available on §d] in the worst case the NetWeaver
developer team has to help.

Using a SAP product for the development offers same benefits as using the SAP AS as
runtime environment. The chances of a successtegjiation into the SAP portfolio increase
as the solution already exists in a SAP environment
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As NWDS is based on Eclipse it is easy to handteefeeryone that is familiar with the
Eclipse IDE.

Disadvantages

NWDS is a very extensive IDE and therefore it nedist of resources, is slow and includes
a lot of features that are never needed. If omoidamiliar with the IDE then it is difficult to
find the proper views, perspectives, and functidiee enabling and disabling of components
is very difficult as the dependencies cannot beclkbe reliable and one risks to get problems
with essential components.

Making a clean installation of NWDS is a challerayed takes a lot of time. And after the
installation we experienced problems with the emwiment meaning the NWDS and its
components itself.

SOCRADES integration architecture is composed oti# Java Enterprise Applications;
most of them contain at least one EJB Module. Tlapgdications have to be deployed on two
test servers that the project team owns. The iddali Enterprise Applications have to be
deployable for each team member from his develomahine. That is a real challenge within
the NWDS environment because is reacts sensitivehamges in the environment and
unfortunately each developer machine is slightffedent. Thus during the development a lot
of errors within the SAP components of the NWDS eam. Often we could not find a clean
solution but had to work with workarounds. Sevdhales it was necessary to create new
workspaces, reinstall the IDE or even reinstallalagcause of corrupt workspaces or NWDS
installations.

In addition important features of the NWDS did nairk or were not available:

* NWDS could only manage to connect to and deployona SAP AS. As we were
working with two test servers, this is an inconeste.

* Even though SAP provides a lot of plug-ins, ther@a plug-in for UML modelling
available for our version of the NDWS.

Conclusion

We lost several days of development with the NetWedevelopment Studio by treating
general problems of the environment. As already tmeed the deployment and remote
debugging of the applications on the SAP AS is siowl decelerated the implementation
even more.

4.1.3 Competitive products

Because of all the disadvantages documented iprh@ous Subsections and the fact that the
Query Augmentation Module is a pluggable componer, decided to develop the first

version of the Module with NetBeans and deployenh, rand tested it on the GlassFish
application server. Like this it became possibleptd full concentration on the Query

Augmentation Module at the early state of the dgwelent process. The implementation,
deployment and debugging progressed faster anawd work more efficient.

At the time when the Query Augmentation Module @sdiser interface became more mature
we transferred the project to NWDS and integratedto the Application Service Catalogue.
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As the development environment for SOCRADES has liedined at the beginning of the
project we could not completely change to NetBearts Glassfish.

In the advantages of the NWDS we mentioned thaSihe NetWeaver team offers support
for all the NetWeaver problems. We are not surthé NetWeaver support really is more
efficient than the support teams of external, cditipe products. SAP has a complex
customer support system and it is always diffibulind the right contact point.

To close this Section we would say that light aast flevelopment environments have lots of
advantages in an early stage of development. &test phase a more extensive environment
maybe offers better features in terms of scalgbsiécurity and maintenance.

As we have been new to the NetWeaver Developeri®itidometimes was really hard.
Maybe the situation would have changed if at least NWDS expert had been in our team.

4.2 JavaEE

Java Platform, Enterprise Edition (Java EE) istabbeoordinated technologies and practices
that enable solutions for developing, deployingd amanaging multitier server-centric
applications. Building on the Java Platform, Staddadition (Java SE), Java EE adds the
capabilities that provide a complete, stable, sscand fast Java platform for enterprises.
More information as well as examples are availaipl¢28] and [41].

The following Subsections provide a short introductto the Java technologies that have
been used for the development of the Query AugnientaModule and the Query
Augmentation User Interface (Ul). A lot of internest details go beyond the scope of this
report. Hence, only some selected implementatidaildeare explained.

4.2.1 Java EE application model

Java EE uses the widespread multitier model foerprise applications. It is also known as
client-server architecture that separates the ptasen, the business logic and the data
management. In the Java EE environment thesedrergalled Client, Java EE Server and
Enterprise Information System (Database) tier.

Figure 4.1 illustrates the multitier model of theu&dy Augmentation. The following
description of the individual tiers is based on 8#P tutorial [42].

Theclient tier displays information and is responsible for intéin with the user. Dynamic
HTML pages rendered from JSP pages appear as.client

Web tier components run on the Java EE server. Java EEC@raponents are pages created
using JavaServer Faces technology (see 4.2.4 JaeaJeaces). JavaServer Faces are built
on servlets and JSP technology and provide a nsenface component framework for web

applications. Servlets are Java classes that dyadlyniprocess request and construct
responses.

Business tier Enterprise Beans (see 4.2.2 Enterprise JavaBea@s)nning in the business
tier on the Java EE server. An Enterprise Beaniveselata from client and possible from
storage, processes it, sends it to the databast¢oi@ge (if necessary) and sends it back to the
client program.
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The bottom tier contains titatabase

Quiery Augmentation GUI Client

MWachine

Java EE
Server

Database
Server

Figure 4.1 Architecture in the style of figure 1-1of [28]

4.2.2 Enterprise JavaBeans

Enterprise JavaBeans (EJB) components are an iedgent of Java EE applications. They
are server-side business components that encapsisdabusiness logic of the application and
run on the server. The EJB technology simplifies hlandling of distributed applications by
managing security, transaction handling, and da&l&cess (cf. [28] and [42]). Enterprise
Beans are running in the EJB container, which halgsool of instances of the Enterprise
Beans and shares them between the clients.

A Java Enterprise Bean is either a Session (synoli communication) or a Message-
Driven Bean (asynchronous communication). The Queargmentation Module only uses
Session Beans that are performing tasks for atcied some of them are exposed as Web
Services.

“A Session Beamepresents a single client inside the Applicatanver.” [28] There are two
types of Session Beans: stateless and stateful.

A stateless Session Beadoes not maintain a conversational state with dient. State
specific variables are only hold for the duratidnttte invocation. “The state of a stateless
Session Bean should apply across all clients. Becatateless Session Beans can support
multiple clients, they can offer better scalability applications that require large numbers of
clients.” [28] A particularity of stateless SessiBeans is that they can be easily exposed as a
Web Service by adding some annotations.
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In astateful Session Beanthe instance variables represent the state oigue client-bean
session. The conversational state is retainedhierduration of the client-bean session (cf.
[28]).

Even though the Query Augmentation Module congitaore than 20 Java classes only 4 of
them are Enterprise Beans. These are listed aefiybdiescribed in Table 4.1.

Remote Interface

Stateless
WebService

Enterprise Bean Description

<« | Local Interface

<« | Stateful

This bean offers the main methods of the
Query Augmentation for the Ul project. The
methodgetServiceTypesByKeywords is
the access point and the main method of| the
Query Augmentation Module.

QueryEngineBean

StrategyContext 4 v v v' | The StrategyContext represents the Context
of the strategy pattern. It maintains| a
reference to the Strategy object and offers
different methods detkeywords
getResultSet , and executeStrategy )
to use the Strategy object.

ConfigurationBean v v v v' | This bean is offering getters and setters|for
all available configuration properties.

StopwordFacadeBea 4 4 4 v | This bean is managing the JPA Entity
Stopword. The bean offers the methods:
create , destroy andisStopword

Table 4.1 Session Beans of the Query Augmentationddule

When does it make sense to use an Enterprise Behrwhen are POJOs adequate? The
advantages of the Beans within the enterprise egibns are the following:

* The EJB container is working with a pool of EJB&efle exist as few instances of
each Bean as necessary. For POJO a new instacreaisd for each call.

* The Beans' lifecycle is maintained in the applicatserver.
» The scalability of Beans is better.

For these reasons the concept of using Enterpes@®in the Query Augmentation Module
has to be reconsidered. Performance and memorye usats could be helpful to define the
classes that should run as Beans.

4.2.3 Java Persistence API

The Java Persistence APl (JPA) provides a unifietsiptence model that means an
object/relational mapping for managing relationakad within Java applications. Entities,
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typically entities represent tables in a relatiodatabase, are POJOs that benefit from a
standardized object relational mapping using anioois.

Until now the Query Augmentation Module holds onify, which is the Entity Stopword
for the storage and management of the stop wardSiep words are words which are filtered
out prior to processing of texts in the Query Augta&on strategies.

Code 4.1 displays the source code of the Entitypwood. The class Stopword is a typical
Java class with a lots of JPA annotations. Heresange examples. The annotat@mn ( line

9) defines the primary key of the Entity. And theogerties of the class in general are
declared as columns of the database table viarthetaion@cColumn (see code line 15 and

18).

1 @Entity

2 @Table(name ="SII_APPCAT_STOPW")

3 @NamedQuery(name="getAllStopWords",

4 query="SELECT cw FROM Stopword cw ORDER BY
cw.strWord")

5 public class Stopword implements Serializable {

6

7 private static final long serialVersionUID =
5310811481590016227L;

8

9 @Id

10 @TableGenerator(hame = "idGenerator",

11 table = "SII_TRA_ID_GEN",

12 initialValue = 500)

13 @GeneratedValue(strategy = GenerationType. TABLE,

14 generator = "idGenerator")

15 @Column(name = "ID")

16 private int id;

17

18 @Column(name = "STRWORD")

19 private String strwWord;

20

21 public int getld() {

22 return id;

23 }

24

25 public String getStrWord() {

26 return strword,;

27 }

28

29 public void setStrWord(String strwWord) {

30 this.strWord = strWord;

31 }

32 }

Code 4.1 Entity Stopword

Another possible use of the JPA could be the cagcbfrresults. Enriched keywords are not
yet cached within the Query Augmentation Modulet B¢ caching has to be checked as it
may help improve the performance of the Query Auggaiéon. In the case of caching a more
complex model with several entities (Query, Confgdion, Result, and Keyword) and
relationships between them would be necessary. Bangb such models are described in
[28].
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4.2.4 JavaServer Faces

JavaServer Faces (JSF) is a Java technology fatetelopment of user interfaces. JSF can
be used for creating Web user interfaces. Sinca Ew 5, JSF is part of the Java EE
specification. It is a server-side technology amereéfore suitable for providing dynamically
generated content.

In contrast to the JSP technology that is mixingspntation and programming logic JSF
provides a perfect separation of components acogrth the Model, View and Controller
(MVC) principle. Thus JavaServer Faces adhereddXhserver design pattern.

The Query Augmentation Ul is built upon the JSFitexdogy. This Subsection does describe
some interesting details about the user interfatenbt the whole Ul component. In order to
understand the coherences and the functionalitiieofollowing Subsections we recommend
reading Chapter 9 JavaServer Faces Technology8gf [2

Backing Beans

The programming logic of a JSF application is impdmted in Backing Beans. An
application usually includes several Backing Bed&ech Backing Bean is coupled with the
Ul components in the view. This beans look likeilmady Java classes but they are JavaBeans
component and therefore they offer functionaliaesthe Enterprise Beans. As an example it
Is possible to refer to Session Beans via the atioot@EJB The main tasks of a Backing
Bean according to [28] are:

* Handling an event fired by a Ul component.
» Performing processing to determine the next pagehioh must be navigated.
» Validating a component’s data.

Code 4.2 displays a part of the Backing/ManagednBg&ryEngineManagedBean . The
extract shows the propertyarchString  that is assigned to a form field in Code 4.4.

1 package com.sap.sii.appServiceCatalog;

2

3 public class QueryEngineManagedBean {

4

5 private String searchString = "temperature”;
6

7 public String getSearchString() {

8 return searchString;

9 }

10 public void setSearchString(String searchString) {
11 this.searchString = searchString;
12 }

13

14 }

Code 4.2 Backing Bean class

The link between the Bean (programming logic) amel itml web page is established in the
configuration filefaces-config.xml as displayed in Code 4.3.
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<managed-bean>
<managed-bean-name>queryEngine</managed-bean-name>
<managed-bean-class>
com.sap.sii.appServiceCatalog.QueryEngineManagedB ean
</managed-bean-class>
<managed-bean-scope>session</managed-bean-scope>
</managed-bean>

~NOoO O~ WNE

Code 4.3 Configuration of a Managed Bean

A component’s value, as in Code 4.4 the value foiria’s text field, can be bound to a Bean
property by the tag’s value attribute, which refiershe Bean property.

1 <h:inputText id="keyword" label="search string"
2 value="#{queryEngine.searchString}" />

Code 4.4 Ul component tag

The Query Augmentation Ul includes four Backing Beaand four corresponding user
interface pages. As suggested in the tutorials mwgldmented a Bean for each Ul page.
Backing beans mediate between the user and thistearce layer.

Backing Bean Ul page Description

ConfigurationManagedBean configuration.jsp  Thisrbéa offering default settings for the
configuration, getters and setters to change the
properties and an action for saving the

changes.

QueryEngineManagedBean | queryEngine.jsp | This bean is offering properties (for the form
fields and result data tables) and actions|for
the QueryEngine search and evaluation Ul.

SearchStrategiesManagedBean  summary.jsp Propartiksctions for the calculation and
representation of keyword enrichment
summary are offered.

StopWordManagedBean stopwords.jsp This bean is offering properties and actions
for the JPA Entity Stopword and its
presentation.

Table 4.2 Managed Beans and Ul pages

Navigation model

“The JavaServer Faces navigation model makes i saglefine page navigation and to
handle any additional processing needed to chdwsedquence in which pages are loaded.”
[28] The navigation rules for choosing the nextgagier a click on a button or hyperlink are
defined in thefaces-config.xml configuration file too. An outcome String from the
component’s action and for the next page have tddbeed in the rules. The output string is
used to select the right navigation rule. The omieocstring is either defined in the tag
attributeaction  of the Ul component or within the programming i the Backing Bean.
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The Query Augmentation Ul includes very easy naiwgarules (see Table 4.3). The output
string“queryEngine”  always lead to the Ul pageeryEngine.jsp  , which is the main page
of the Query Augmentation Ul with the search form.

from-outcome to-view-id
queryEngine /queryEngine.jsp
compareStrategies /summary.jsp
stopwords /stopwords.jsp
configuration /configuration.jsp
get wsdl /wsdl.jsp

Table 4.3 Navigation rules

Validation of a form field

The JSF framework is offering a lot of functionial for the validation of forms. Just to show

how easy the field validation became we added aaenple here. We extend JSF tag of the
text field in Code 4.4 with the lines 4 — 6 in Cotl® and as a result we added two checks:
First an input is required now and second the ispuaximal length must not go beyond 50

characters. In addition an error message has lobddhat is automatically displayed to the

user in case the validation fails.

1 <h:inputText id="keyword" label="search string"
2 value="#{queryEngine.searchString}"
3 maxlength="50"
4 required="true"
5 requiredMessage="Search term is required. Please enter
a search term."/>
Code 4.5 Validation
JSF HTML Tag dataTable

For the implementation of the Query Augmentationw# used several JSF Ul component
tags. An overview about all existing JSF tags v@giin the user guide of the JSF Toolbox on
[43].

One of the most important and most complex tagsises for the implementation is the JSF
HTML Tag dataTable (see Figure 4.2). [44] is a blog entry that dessithe usage of JSF
data tables very detailed and with a lot of illatitre samples. We put the focus on the
following features of the data tables of the Queungmentation UI:

* Sorting function,
» different style for alternating rows,
» the numbering of rows, and
» the paging.
All these features are displayed in Figure 4.2
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numbering
l Wiki Wiki Links Wiki Backlinks Wiki Bold and Italic Words Yahoo! WWeb Search
1 temperature 150 45 19 5 47
2 |measure 6 0 0 0 T S
3 |scales g8 0 0 0 sorting B
4 |weather 0 0

weainer 2 8
next Iast' <+— paging
Figure 4.2 JSF datatable

The sorting of a data table needs more effort of the develapet therefore it is not

documented here. The chapter “Sorting datatablg44f is describing exactly the sorting
methods we implemented. It shows how the sortirg thabe included in the tag and the
corresponding Backing Bean.

The assignment of differestyles for alternating rowsin data tables is done by adding the

attributerowClasses to the tagh:.dataTable and assigning the CSS styles (see line 4 in
Code 4.6).

For thenumbering of rows the h:.dataTable  has to be bound to the Backing Bean by the
binding attribute (see line 1 in Code 4.6). The row numtser then be displayed in a label
by using theowindex of thedataTable (see line 10 in Code 4.6).

The paging of a table is helpful if the table consists obadf data. First the number of rows
that have to be displayed have to be defineddstaTable rows (line 5 in Code 4.6). The
paging itself is managed in the footer of the dalde in the tagf:.facet name="footer">

(line 18ff. in Code 4.6). The buttons “first”, “pré “next” and “last” are defined and each of
them is bound to a method of the Backing Beanheaattributeaction
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6 <h:dataTable binding="#{summary.dataTable}"

7 value="#{summary.resultSet}"

8 var="item" headerClass="header"

9 rowClasses="rowl, row2"

10 styleClass="table" rows="4">

11 <h:column>

12 <f:.facet name="header">

13 <h:outputText value="#" />

14 </f:facet>

15 <h:outputText value="#{summary.dataTable.rowl ndex + 1}" />

16 </h:column>

17 <h:column>

18 <f:facet name="header">

19 <h:outputText value="Keyword" />

20 </f:facet>

21 <h:outputText value="#{item.keyword}" />

22 </h:column>

23 <f:facet name="footer">

24 <h: panel Gr oup>

25 <h: commandBut t on val ue="first"

26 action="#{sunmary. pageFirst}"

27 di sabl ed="#{summary. dat aTable.first == 0}" />

28 <h: commandBut t on val ue="prev"

29 action="#{sunmary. pagePrevi ous}"

30 di sabl ed="#{summary. dat aTable.first == 0}" />

31 <h: commandBut t on val ue="next" action="#{summary. pageNext}"

32 di sabl ed="#{summary. dat aTabl e. first +
summary. dat aTabl e. rows >= sunmary. dat aTabl e. rowCount}" />

33 <h: commandBut t on val ue="l ast" acti on="#{sumuary. pagelLast}"

34 di sabl ed="#{summary. dat aTabl e. first +
summary. dat aTabl e. rows >= summary. dat aTabl e. rowCount}" />

35 </ h: panel G oup>

36 </f:facet>

37 </h:dataTable>

Code 4.6 JSF datatable

This example illustrates the simplicity JSF offersorder to display complex data structures
with useful features such as sorting and paging.

4.3 RESTful Web Services

The consumption of web resources is one of the fuzictions of the different strategies that
are used for the Query Augmentation. Seven of igji @nplemented strategies are using the
same approach. They are consuming RESTful web cesvi REST stands for
Representational State Transfer and basically mértseach URI represents an object. The
content of the object can be obtained by using @MHGET request.

4.3.1 Yahoo! Web Services

The first group of RESTful web services we are comsg are the Yahoo! Web Services.
“Yahoo! Search Web Services operate via HTTP rdaqugsst like your web browser.
Requests are formed by starting with a service yenpoint URL (such as
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http://search.yahooapis.com/WebSearchService/V1/web Searchfor web search
gueries) and adding query arguments to specify gsbarch results desired (such as
?query=Madonna ). The results returned by the service are in XMhiok varies per
service.” [45]

In particular we used the following two Yahoo! W8érvices:
« My Web 2.0 Web Services: Web Search [7]
« My Web 2.0 Web Services: Related Tags [8]

Running examples as well as lots of code snippetsamailable on Yahoo!'s developer
network [46].

4.3.2 MediaWiki API

The second group of web services was the onesedffby the MediaWiki API [6] for
querying Wikipedia.

The basic approach is the same as already desanilbed paragraph above. A HTTP request
is launched with an URL that contains variable guamguments and then returns an xml
document with the desired answer.

The following three basic queries are used withenQuery Augmentation strategies:
3. Latest revision of the Wikipedia article “Radio-gueency identification”:

http://en.wikipedia.org/w/api.php?format=xml&action =query&prop=re
visionsé&titles=RFID&rvprop=content&redirects

4. Links within the latest revision of the Wikipedigiale “Radio-frequency identification”:

http://en.wikipedia.org/w/api.php?format=xml&action =query&prop=li
nks&pllimit=500&titles=RFID&redirects&plnamespace=0

5. Backlinks to the Wikipedia article “Radio-frequendgntification

http://en.wikipedia.org/w/api.php?format=xml&action =query&list=ba
cklinks&bltitle=Radio-
frequency_identification&bllimit=500&blnamespace=0

One of the advantages of RESTful web servicesaisttte result is readable for machines and
humans. Therefore the queries above can be executedormal web browser and the result
will be returned and displayed in xml structure.
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For the visualization of the Query Augmentation eeveloped a web user interface to the
Application Service Catalogue focusing on the Queangmentation Module. The web project
is part of the enterprise project of the Applicati®ervice Catalogue and is implemented with
the JavaServer Faces technology [47].

The main objectives of the user interface are woifefunctionalities and information for the

testing and evaluation of the Query Augmentatiordie as well as the visualization of the
augmentation and search. The Query Augmentatiois dbt the administrative interface of
the Application Service Catalogue but it exists parallel. In contrast to the Query

Augmentation Ul the SOCRADES administration apgiaradoes not show any details about
the Query Augmentation Module. SOCRADES users Wl not have to know how the

search of services is working internally.

This Chapter describes the use of the Query AugatientModule and Ul. The deployment
of the Query Augmentation Module and its Ul on aPSNetWeaver Application Server is
documented in Appendix E Deployment with NWDS.

The Query Augmentation Ul is available on SAP Netwér Application Servers that have
SOCRADES middleware installed. As it is a web feordt, it can be reached by using a web
browser to access an URL like this one:

http://SERVERNAME:50000/Sll_application_service_cat alog_ui

At the top of each web page of the Query Augmemtatll the menu bar (Figure 5.1) is
displayed. The five menu points (Search Servicéainees, User Preferences, Stop Words,
Configuration, and Query Augmentation Summary) #rel functionalities behind them are
explained in detail in the next Subsections.

Choosing a menu point or switching between menwore by clicking on the links in the
menu bar.
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T btpe rshd 8055 50000/ 4 _sppdcabon_sen. o= B o= oim o Page

JanHi faiviy Fatatdey | Uitr Prefermien it ety | [Con e Chimey Apgrerapitn Lurrary

Seanch Sonice matances

Figure 5.1 Ul - Menu

5.1 Search Service Instances

The main page of the Query Augmentation Ul is tBedrch Service Instances” web page
(Figure 5.2), which is the starting page of theli@pgion too.

“Search Service Instances” offers the user theipitissto find running instances of services
on smart devices. The user enters a search teonth@tSearch Form, launches the search and
gets back an ordered list of matching types ofisesvin the Search Result.

I e LS w000/ 1 st g [ = o= P

Lﬂ'ﬁlm Menu I B S :._h._-._"l' o Sy

1. Search Form

Tomnd Kayweorfiv

oo 2. Query Augmentation
e 3. Search Result - Types of Service
WS RFID Ribadies - l::i-.r: Berica A dervice [hat madi K am Tre 04 i Dot

WL FIFIDH Feadas - VWil Serica A senice sl wetes dala b
a ¥ L] oesEm
Bean Suargeny Smart Cabit - Smaet Caterat Status and Mo
Bemen Sorgeny Sevar Cabsag - Smoe Cab Frachung wd N
Connecied product ibal - SradBhell Cirsiomer sanac e Sa
cimd e =R Shall SEnn ks Sgyewm ihed
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EREE meem | [ emivemn 4 Aotions on TVDes of Service
i 5. Result - Service Instances

Husis

Figure 5.2 Ul - Search for Service Instances

The page (Figure 5.2) is divided into Sections,clvhiepresent the steps of the search process.
We consider the following steps:

1. Search Form Enter one search term into the input field ‘shaerm’. A search term
usually is one single word, e.g. temperature, bistalso possible to insert one composed
of two or three words, e.g. smart shelf. Then clibk button ‘Search For Types Of
Service’ to start the query enrichment and aftet tine search for types of services
automatically.

2. Query Augmentation: The Table ‘Found Keywords’ shows a list of enadrkeywords.
For the search of types of service not the ingigrch term but the list of keywords is
used for the execution of the query.

42



5 User manual User Preferences

The list of keywords may include common words staduld be ignored. Such words can
be excluded by clicking on the link next to is retright column. After the exclusion of

the word the search has to be launched again. dimaeldl word is added to the list of stop
words (see 5.3 Stop Words) and is ignored this.time

3. Search Result — Types of Servicelhe search returns a list of types of servicesnly
selecting one type of service of the list the detad the selected type are displayed in the
right part of the Section search result.

Find the desired types of service in the result sgldct one or several of them for further
processing.

4. Actions on Types of ServiceThe user has now three possibilities in ordeget the
desired service instance.

1. Find Running Instances: search for running serinstances within SOCRADES
middleware. This should always be the first actiome after one found the types of
service. If no service instances are returned the® can go further to the next
actions.

Discover Instances: actively try to discover seggimstances in the network.

Inject Instances: inject a type of service on arsmeavice that has the capability to
offer the selected type of service.

All these actions may end in a timeout and do ettrn any result.

5. Result — Service InstancesThe Table ‘Service Instances’ lists service ins&s on
smart devices found for the selected types of senRroperties such as type of service,
building, room, altitude, latitude, longitude, netk latency, and service health are
displayed directly in the result set. The servitgtances are ordered by these properties.
So the better a service seems to fit the highsrlisted.

The result set also includes the link to the WS éf the service instance. The WSDL
is necessary for the further use of the serviog, te. build a web service client or to
integrate the service in a business application.

5.2 User Preferences

The menu point ‘User Preferences’ is destined far ispecific settings such as the current
position, meaning location of the user. However b fbar the user preferences is not
implemented yet.

The user preferences belong to the subcomponenty@entext, which is another query
optimization component besides the Query Augmeortddodule. At the design phase it was
not predictable if the Query Context could be ind¢gd completely into the Ul or not. For
that reason the menu point is already there.

5.3 Stop Words

Stop words is the name given to words which ater&d out prior to, or after, processing of
natural language data (text). Common word suclihes, “of’, ‘on’, and ‘a’ are stop words.
They are ignored when used in a query (cf.[48] ).
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The Query Augmentation Module is eliminating stopras from the enriched keywords. In
this case there exists one global stop word lisickvis stored in the projects database. This
list is not language specific. Stop words can heeddy the user of the Query Augmentation
Ul. Words can be removed from in the view ‘Stop d&i(see Figure 5.3). Adding a word to
the list can be done either at the time of thecdefor service instances on smart devices (see
6.1.1 Search Service Instances) or from the ‘Qéergmentation Summary’ (see 5.5 Query
Augmentation Summary).

UL AR | =7 hittp://zrhd601680502:50000/50_application_servi..

Search Service Instances M 2N L User Preferences | Stop Words | Q
Stop words
List of Stop Words

1 able TEMOVE
2 about remove
3 above TEMove
4 'according | remove
5 accordingly remove
& across rEMOVE
7 add rEMOVE
8  addtionally remove
5 after TEMOVE
10 again remove
11 alien TEMove
12 all remove
13 alzo reEmove

Figure 5.3 Ul - Stop Words

5.4 Configuration

The flexible design of the Query Augmentation Madrésults in some variable configuration
parameter. All these variables are included intoftihm of the configuration page and can be
configured there.

The ability to switch on/off the Query Augmentatiand to define the strategies used for the
augmentation are the most important properties ffseg/ellow marking in Figure 5.4). For
that reason these configuration parameters arai@eol after the next Figure. All the other
configuration parameters are explained in Table &l details about the individual
augmentation strategies are documented in the €hap#Architecture.
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vl oxd | hitpy//2rhdbD168050 50000/ 50_apphcation_servi.., ":;‘: - B = im
Search Servce hstance Userpreferences  WIGTTU— Sog vioess i Confeuraten i

Configuration

General Configuration of the Query Augmentation Module

Language: an

Max. number of enriched keywords: 5

Cruary Augmeniation

Cusry Augmenistion Strategiss
adata Of Top Resulls

Alormative Quary Augmenistion Strategy’ Y ahoo -

& number of type of services: 50

Max. number of service instances 50

Teneout for discovery {s] 60

Timeout for injection [s] &0

Figure 5.4 Ul - Configuration
Query Augmentation

Default value: ON

This property allows the user to switch on or &i¢ tQuery Augmentation. We recommend
turning on Query Augmentation.

Query Augmentation Strategies

Default value: Wikipedia

This configuration parameter is enabling the coratiam of strategies. At present the Query
Augmentation Module is offering seven differentagdgies that can be used for the keyword
enrichment. The strategies can be used individuil any possible combination.

Combining strategies means that the query enrichnvéhbe executed for all the selected
strategies and the final result will be calculatedthe basis of the result of the individual
strategies.

Alternative Query Augmentation Strategy
Default value: Yahoo

The Alternative Query Augmentation Strategy is dingbthe chaining of strategies. Only if
the defined strategy or strategies of the prevgarameter “Query Augmentation Strategies”
do not return a result and if defined, the altaugastrategy will be executed and hopefully
return a result.

As alternative augmentation strategy we recommendefine Yahoo (Yahoo Web Search).
The Yahoo strategy is based on the common Yahoo S$éabch and therefore the probability
of getting a result is elevated.
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Configuration

Changes of the configuration always have to bedsayeclicking on the save button on the
bottom of the page. A confirmation message willegpat the top of the form if the changes
have been saved successfully.

All configuration parameters explained:

=

Parameter Default value | Description
General General configuration parameters.
Language en Defining the language in which the search for
types of service will be processed.
Max. number of enriched 5 The number of search terms that will be used fc
keywords the search.
We recommend processing the search with an
enriched query of 5 keywords.
Query Augmentation ON See description in the text right after the
screenshot of the configuration padegure 5.4.
Query Augmentation Wikipedia See description in the text right after the
Strategies screenshot of the configuration padégure 5.4.
Alternative Query Yahoo See description in the text right after the
Augmentation Strategy screenshot of the configuration padégure 5.4.
Max. number of types of 50 The maximal number of types of service that wil
service be returned and displayed.
Max. number of service 50 The maximal number of service instances that will
instances be returned and displayed.
Timeout for discovery [s] 60 The timeout for theiae discovery of running
service instances on smart devices.
Timeout for injection [s] 60 The timeout for the injection of service on smart

devices.

Wikipedia

Parameters concerning the Wikipedia strategies.

Special words such as links, backlinks, bold aalititvord of a
Wikipedia article can be regarded as more impoadtaccording
to this they can be weighted as more importantiwtie Query

Augmentation.

Weight of links

2

The augmentation strategy Wikipedia Links is
considering links of Wikipedia articles and weights
them according to the configuration.

Weight of backlinks

The augmentation strategy ipéklia Backlinks is
considering backlinks to Wikipedia articles and
weights them according to the configuration.

Weight of bold and italic
words

The augmentation strategy Wikipedia Bold And
Italic Words is considering word written bold or
italic within Wikipedia articles and weights them
according to the configuration.

Yahoo! Web Search

Parameters co

ncerning the Yahoo strategies.

Number of Yahoo Web Searc

Results

25

Defining the number of search results that are
considered for the Yahoo strategy.
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5 User manual Query Augmentation Summary

Parameter Default value  Description

Number of Detailed Yahoo 10 Defining the number of search results considered

Web Search Results for the strategy Yahoo — Extracted Metadata Of
Top Results.

Environment — Proxy Server | Proxy settings of the SAP Web AS

Enabling the connection to the internet via proggver and set the
following Java properties. (cf. [49])

proxySet true
proxyHost proxy
proxyPort 8080

Table 5.1 Configuration parameters

5.5 Query Augmentation Summary

The Query Augmentation Summary is representingdiiailed composition of the Query
Augmentation result.

Figure 5.5 and Figure 5.6 show the page, whichtl@a®/enu at the top of the page as usual,
followed by a Section Form and a detailed TableedaQuery Augmentation Summary.

Form

Entering the same search term into field Term astlie search of types of service will
execute the same Query Augmentation as the ongdiedlin the search for types.

The summary does return the number of keywordséefin the field Limit. It makes sense
to define a limit between 100 and 500. The bigder limit the better one can see and
understand the structure of the result.

Clicking the button Compare the query augmentastnategies will execute the Query
Augmentation as defined in the Configuration fag éntered search term. The returned result
is displayed in the Table Query Augmentation Sunyntiaat is described in the next Section.

T ety b0 168059 850000/ 5T _application_senvi.. [ T = B R A
_Sawrsh Beves sy | Gar Pretarwnces . Menu ] Lo rarniy Doy dieeision Smeare |
Duery Augmentabon Summary
Term temparature
e Form
| Compars the quary augmentation sirategies

Figure 5.5 Ul - Query Augmentation Summary — part |

Query Augmentation Summary

To understand the result and its composition itas necessary to know any internal details

about the augmentation strategies. The only thiaghas to be understood is that the result of
each strategy is a list of keywords. Each keywaid$a weight which defines the rank of the

keyword in the list. The list of keyword is sorteg this weights meaning that the largest

number is at the top of the list.

a7



5 User manual Screencasts

If a combination of query enrichment strategiescanfigured then the total weight is
calculated by adding the results of the individstehtegies together.

We now look at the Table of the Query Augmentattummary in Figure 5.6. The first and
second column (rank and keyword) represent thetresuhe Query Augmentation as it is
presented on the page Search Service Instancese@igm 6.1.1). In addition the Query
Augmentation Summary has one column for each iddali augmentation strategy and the
column TOTAL with the overall result.

In order to analyze the result and to compareegres the Table can be sorted by each result
column. By default it is ranked in descending orafeweights of the TOTAL.

When changing the sorting we can observe how tteraf the keyword changes. Therefore
this summary can help us to find the best comlnatif augmentation strategies with the
best keywords at the top of the Table.

L e query may e several menulen

T N L b Daechfieri Yokl ol snd e oo Yahont Mike dearch Yboo! Spia Dute Socerods Yot Sxisled Thay TOTAL
1 |Eergatatuig ;:n :i :: : :4 421 1 W

M om 4 0 3 1

» 2 2 L] :I 2

: o : :

8 | 2 F 2 3
9 ‘promgure 8 10 14 (] 2 o

6 oo o oo oao o
"

: ;, 3 "Query Au:gmenaticn Summary 31

&

-
oo oo oo oo
o|ln o -

T3 M LU L)

o oo oo
Pl L |
oo a no

1>

5 deftdon LA 2

naxl | kast

SOCHADES - Service Agplcation Calaing FOET008 17152

Figure 5.6 Ul - Query Augmentation Summary — part |

5.6 Screencasts

For demonstration purposes we created two scrests,cahich are presenting the Query
Augmentation Ul in action. The screen casts ardighdd as .pdf files on the projects website
[27].

Demo | — SmartShelf.pdfexplains the search form of the Ul in general simolws the search
and integration of a smart device. The smart dewieare looking for is a connected product
shelf that has to be integrated into a new busiappBcation at development time.

Demo Il — Benefits of the query augmentation.pdfdemonstrates the advantages of the
Query Augmentation. This time we are looking fawater meter, first without the use of the
Query Augmentation Module and then with query dnmient.
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6 Experimental Evaluation Screencasts

Experimental Evaluation
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6.2.2 WiKIpedia Strat@QY .......ceeeiiieiiiietceeeee ettt s s s e e e e e e e e e e e e e e e eeeeeee s nnnnneeseaann s 57
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LSS T D 1001 135 0 o S 60
6.3.1 FULUIE eValUALiON ........cvviiiiiiieie et e e e e e e 61

We have designed the Query Augmentation Moduleherbiise of the existing specification
of the SOCRADES project [1], implemented it withrset of query augmentation strategies
(see Chapter 3, Section 3.1 Query strategies)gratied it into the SOCRADES Application

Service Catalogue and finally added a web userfate called Query Augmentation Ul or

just Ul (Chapter 5). The Ul has been designed anpleémented for the testing of the

Application Service Catalogue, especially for thealeation of the Query Augmentation

Module. The evaluation and the answers of the rekequestions are documented in this
Chapter.

The approach of evaluation (6.1 Methodology) iscdeed first, then the results of the
evaluation (6.2 Results), which serve as a basisamswering the research questions, are
presented. The experimental results show the eféex applicability of the Query
Augmentation within SOCRADES Application Servicet&lague. Finally the interpretation
of the results and inputs for more evaluation @vted in the last Section (6.3 Discussion).

The mentioned research questions are listed int€hap! Research questions. A summary of
the questions is provided here:

1. Does Query Augmentation increase the result quafitiie search?
2. Do strategies based on human generated textsddzetter results than others?
3. Which is the optimal strategy?
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6 Experimental Evaluation Methodology

6.1 Methodology

How did we process our tests? How did we get thedata? These two questions are mainly
answered in the following three Subsections.

6.1.1 Data collection

The main task of the evaluation is to find for $eevinstances running on smart devices that
are integrated into the SOCRADES middleware. Rewrs devices are not yet available at
SAP Research and therefore we have to work wittualirsmart devices. We first have to
generate a set of test data meaning a set of sangtances running on virtual smart devices.

The generation of the test data was done by primge®e following seven steps:
1. Defining search terms

At the very beginning we defined 10 search ternas éine associated with potential smart
devices. Search terms meaning keywords, which septehe initial query of the search
for service instances on smart devices.

The defined search terms are 1. RFID, 2. tempeyatir sensor, 4. conveyor belt, 5.
access control, 6. gripper, 7. vibration, 8. lomatisensor, 9. smart meter, and 10.
webcam.

That set is used again and again in the evaluation.
2. Defining smart devices

According to the search terms we defined 19 smeawricds, about two devices for each
search term. In this case smart device means aalévat has the potential of offering
access to functionalities through web services. iday does not have this quality yet.
E.g. for the search term RFID a RFID Smart Shelf] [bas been defined as potential
smart devices, or for the term smart meter a waieter [51]. The SunSPOT [52] is a
special device with a large application spectrund &or that reason this device is
associated with several search terms and not wight@m only.

A detailed list of all the virtual smart devicesedsin this evaluation is added to the
appendix; see B Smart Devices.

3. Design user study

The next step was to describe potential servickeseaxf by the smart devices. This part of
the data collection we did within a user study aghaerutral persons that did not know
the SOCRADES project before. We generated a questice for each of the smart

devices whose content is a short project descriitd a form to describe web services.
These descriptions will be used to generate theaht#st data later in the process.

In total 19 questionnaires have been created. Amele is added to the appendix, see C
Questionnaire for User Study.

4. Handing out the questionnaires

We handed out the questionnaires to neutral pegaleh smart device has been sent to
one person except from the SunSPOT device, whistbban sent to several persons.
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In total 21 people got the user study and had tweks to return it. Being familiar with
web services was the only requirement the peoplddmaeet.

5. Register the returned questionnaires

After the expiration of a deadline we got 17 answand two of them concerned the
SunSPOT device. As a result we had 16 devicesamighor two services.

From the questionnaires we extracted all infornmaheeded and generated the machine
readable service description file, the WSDL file;, €ach service. That resulted 30 WSDL
files (i.e. 30 types of service) out of the questiaires. A sample of a WSDL file can be
consulted in the appendix D WSDL file.

Here is an example of services a smart device coffdd. The RFID Smart Shelf offers:
SmartShelf Customer service offering operationg l&sProduct(description) and
SmartShelf Shop service offering operations tj&®roductCount(description)

6. Integrate the result of the user study

The SOCRADES integration architecture is not yeidseto detect and include running

services automatically. So we did not build runrsegvices from the WSDL files but we

registered the described services as types of cgerin the SOCRADES Service

Implementation Repository. With the SOCRADES Sexitonitor, another component

of the integration architecture, we then generatdalinch of services instances for the
registered types of service.

In total we registered 30 types of service for e smart devices in the Service
Implementation Repository. Most of the smart devioffer 2 different types of service.

Out of these types of services we auto-generat®@ tnning service instances within

the Service Monitor. The Service Monitor is manggine smart devices and the service
instances. We do not know on how many virtual srdaxtices our test service instances
are running but the Service Monitor has controlrdliem.

The SOCRADES middleware is now ready to be tesitedhe Query Augmentation Ul
of the Application Service Catalogue. We will béeato find the types of services as well
as the service instances.

7. Define additional search terms

In the first step we defined the search terms. Widse terms we check if the right types
of service will be found. Of course there is nolyomne search term that should lead to a
service instance. The users may have differentdrackd knowledge and search terms,
but finally they are looking for the same smartidevand its services. So we should have
some additional search terms for 16 smart devices.

We presented photos of the smart devices to anfdbeneutral persons and asked them
for the search terms they would use in order tocbetor services on the devices. Like

this we got a larger collection of search termsicivlwe later used for the evaluation of

the augmentation strategies. The complete liseafch terms for each smart device can
be found in appendix B Smart Devices.
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6.1.2 Test data

This Section contains some explanations how theckdarms, devices, types of service and
service instances have been used in the evaludierstructured the data in order to be able
to summarize intermediate results and finally beibfg to judging the different configuration
of the Query Augmentation Module.

The basic schema, illustrated in Table 6.1, is dsednost of the evaluation and is based on
the search terms defined at the very beginnindghefdata collection. For several reasons we
had to exclude the search term “location sensoriise search terms remained.

Table 6.1 explained:
The header contains the search terms and thremuoslfor the analysis at the end.

The row Expected represents the number of typssmwice registered in the test environment
for the according search term, e.g. there are\dcasrin the system that should be returned if
launching the search with the query RFID. Usingersearch terms and adding up the number
of expected types of service results in a totél@ervices or 100%.

False Pos. (false positives) is the row which dostthe number of types of service that have
been found with a certain search term, but wereerpected. Each request is searching for
matching types of service in the test data of 3@sy Thus there is always a potential to find
30 types of services and not only the expected.offes optimal number of false positives is

0 that is 0%.

The last row represents the maximal number of fpls&tives possible in each search. As
already mentioned we have 30 types of service teygd. If we expect 6 types within the
result set, there are 24 types of service thatdcbalreturned as false positives. The sum of all
the false positives is 234, which is 87% of all thyges (234 + 36 = 279 100%). 87% means
that within our test system the false positivesemexceed this mark and the more false
positives the more noise exists in the result set.

= 3
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@ o} > | 2 c | S E S g} Dq')
o g 2 |z 8|8 |8 8|8 5|5 | &
L = 5 K%
Search term a o) o 3 S =4 2 g g 9 o ®
Expected 6 6 6 2 2 3 6 4| 1, 36| 100%
False Pos. 0 0 0 0 0 0 0 0 0 0 0%
Max. False Pos. 24| 24 24| 28 28 27 24 26| 29| 234 87%

Table 6.1 Basic structure of test data

This schema always requires the result of nineckearocesses and it can be used with any
configuration of the Query Augmentation Module.
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6.1.3 Scenarios

This Section does roughly describe the main approathe Query Augmentation evaluation.
All the details necessary to understand the resuktsdocumented within the results (6.2
Results).

Procedure

The general and repetitive scenario of the prdaticaluation consists of the following steps:

= Define the search strategies (no strategy, indalicstrategy, combination, chain, or
combination and chain of strategies).

= Define the number of search terms (number of eaddteywords) for the search of types
of service.

» Perform nine search requests. Nine searches measeanch request for each predefined
search term.

= Sum up the individual results to one result whistthen used for the comparison with
other configurations.
Configurations

Before starting the evaluation based on this gérsmenario, we have to set limits to the
configuration. Within the scope of this master thesot all possible combinations of
strategies can be tested. Therefore we definedeati®® of configurations that have to be
considered. The following limitations have beenmed:

In order to find the optimal number of search terthe tests have to be performed with the
following number of search terms 1, 5, 10, 20, and 50.

For the purpose of finding the best strategy, opubit better the best configuration of the
strategies, the followingugmentation strategieshave to be evaluated:

» No strategy (meaning Query Augmentation is turniédneeaning one search term),

= each strategy individually,

= combination of all Wikipedia strategies,

= combination of the strategies Yahoo and Yahoo +d€xtd Metadata Of Top Results,
» and combination of Wikipedia and Yahoo.

Performing the above documented procedure withative mentioned configurations now,

will allow us to answer if Query Augmentation isefid and if strategies based on human
generated texts are better. Furthermore we shaubible to find the optimal configuration of

the Query Augmentation Module based on the testsigrd.

6.2 Results

First the benefit of the Query Augmentation Modidegeneral is shown and the optimal
configuration is described. Then we take a clogek into two concrete strategies, Wikipedia
and Yahoo Related Tags.

53



6 Experimental Evaluation Results

One preliminary remark before we are presenting rdslts. We excluded the strategy
DBpedia from the evaluation. This strategy has hegrlemented in order to demonstrate
how an ontology can be accessed over a SPARQLd@&jy endpoint. In general it is just
another possibility to access the content of WitipeFor that reasons the strategy DBpedia
is neither integrated into the Query Augmentatidmdt is it evaluated.

6.2.1 Best configuration

Defining the best configuration of the Query Augnation Module contains mainly two
parameters. First we try to define the optimal nemtf enriched keywords for the query.
Then we define the most favourable configuratiothefaugmentation strategies.

Number of search terms

This part of the evaluation does not only define diptimal number of search terms, it also
proves that using Query Augmentation does imprdwe result of the search for types of
service.

In order to find the best number of search termsc@apared the results of search requests,
which made use of 1, 5, 10, 20, and 50 enrichetvkeys. One enriched keyword means that
the Query Augmentation has been switched off aedjtrery only contains the initial search
term.

The result is illustrated in Figure 6.1. The da¢asies Wikipedia and Yahoo Web Search
represent the success of the Query Augmentatiomingpahe percentage of found services.
The closer a data point to 100% is the better.

For better tractability the exact configuratiortioé data series:

Wikipedia: Combination of the strategies “Wikipedia”, “Wilkadia Bold and Italic Words”,
“Wikipedia Links”, and “Wikipedia Backlinks”.

Yahoo Web Search Combination of the strategies “Yahoo” based antthp 25 web search
results and “Yahoo - Extracted Metadata Of Top Resweollected from the top 10 web
search results.

Both data series (Wikipedia and Yahoo Web Searomyerge to 100% if increasing the
number of search terms. That result was expected.predictable that the success is 100%
when using a dictionary in the query.

But it would be wrong to say that using 50 enriclsedrch terms is optimal for the Query
Augmentation Module. We have to look at the nole# ts created by these requests too. The
noises in our case are the false positives. Eagiest may return types of service that have
not been expected but also matched to the quemselladditional types of service in the
result are called the false positives and they haviee kept as few as possible. The false
positives are also represented in Figure 6.1. Tdia gderies Max. False Positives shows the
maximal of false positives that are possible witloar test system and the data series
Wikipedia False Positives and Yahoo False Positdisplay an increase of false positives
with the rise of search terms.

Therefore finding the optimal number of search tfar the Query Augmentation is a trade-
off between the success of the Query Augmentatiama(series Wikipedia and Yahoo Web
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Search) and the false positives (data series Wdkap&alse Positives and Yahoo False

Positives), which have to be kept low.

The Query Augmentation with 5 search terms is ogkiffihe increase of the marginal success
rate from 1 to 5 search terms is the highest irgthph and shows a clear benefit of the use of
Query Augmentation. At the same time the resultgaios less then 20% of false positives.

Trend of Query Augmentation: Wikipedia and Yahoo Web Search strategies compared
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Found types of service [%]
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10%
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20

25
Number of search terms

—&— Wikipedia —#—Yahoo Web Search —#—Wikipedia False Positives —#—Yahoo False Positives

Max. False Positives

Figure 6.1 Trend of Query Augmentation

Table 6.2 represents the data source of the Fajuwree.

o g 2 .
Search term r /3|8 |8|5 |2 |5 2|R |28 &
Wikipedia — SERVICES FOUND
No augmentation 6 6 0 1 3 27| 75%
5 keywords 6 6 q 2 30| 83%
10 keywords 6 6 2 2 3 33| 92%
20 keywords 6 6 2 2 33| 92%
50 keywords 6 6 2 2 3 33| 92%
Wikipedia - FALSE POSITIVES
No augmentation 0 2 0 5 0 11 4%
5 keywords 3 9 E 3 48 18%
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= 3

o2 § F 823 582 T 3
Search term o 5 g 8 & g 2|1 5|2 |B |§ g
10 keywords 9 9| 13| 28| 12 1 9 4 5| 90 33%
20 keywords 24 g 19 23 13 17 11 15 1753 57%
50 keywords 24| 24| 24| 28| 28| 27| 11| 23| 19| 208 77%
Yahoo — SERVICES FOUND
No augmentation @ 6 ) 0 1 3 2 2 127 75%
5 keywords 6 6 6 0 2 3 6 4 1 34| 94%
10 keywords 6 6 @ ) P 3 6 4 1 34| 94%
20 keywords 6 6 6 2 2 3 6 4 1 36 | 100%
50 keywords 6 6 € 2 % 3 6 4 1 36| 100%
Yahoo - FALSE POSITIVES
No augmentation q 2 D 0 5 0 0 4 011 4%
5 keywords 5 2 4 0 11 0 2 4 4 32 12%
10 keywords 5 5 12 6 13 8 10 6 4 69 26%
20 keywords 9 10 13 11 19 8 11 26 4| 111 41%
50 keywords 24 24 21 15 28 14 24 26 1288 70%

Table 6.2 Optimal number of search terms

Augmentation strategies

After the definition of the best number of searehnnts for the query we expanded the
evaluation to other configurations of the strategkegure 6.2 represents the absolute number
of types of services found for several strategyfigonations. The maximal number of types
of service that could be found are 36 (100%). Unmiwately there are no significant
differences in the result sets, except from thatstyy Yahoo Related Tags. This bad
performance is discussed later in the Subsect® &ahoo Related Tags strategy.

The reason for the similarity of all the resultsiicbbe the small set of test data. Testing the
SOCRADES middleware with such a small set of typeservices does not lead to clearer
deviations.

Nevertheless we dare to propose an optimal cordigur. We would suggest using the
Wikipedia strategy. Figure 6.2 does not show a fiermé using a combination of all
Wikipedia strategies therefore we recommend apgltfie simple strategy without extensions
only.

In addition we suggest defining the Yahoo stratagythe alternative augmentation strategy.
Thus the configuration is the chain of the strategis Wikipedia and Yahoo.The reasons
why this chain is helpful is explained in the n8xibsection 6.2.2 Wikipedia strategy.

We prefer a chain of strategies to a combinatiarabse of the following reasons:
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» The performance of the Query Augmentation Modullks fin case of the strategy
combination because of the increase of web accesses

= The current evaluation could not prove that a corion increases the success.

Augmentation Strategies

Wikipedia Combination of Yahoo strategy Combination of Combination of Yahoo Related
strategy all Wikipedia Yahoo and Wikipedia and Tags
strategies Yahoo - Yahoo
Extracted
Metadata Of Top
Results

Figure 6.2 Augmentation strategies

6.2.2 Wikipedia strategy

The Wikipedia strategy is the one based on humarergéed text and as proved in the
previous Section it is a useful strategy for theeQuAugmentation. As already mentioned in
6.1.1 Data collection we practically evaluated @eery Augmentation Module with the 10

search terms defined at the very beginning. In fagth more search terms will be used to
find web services offered by smart devices. So allected some more search terms for the
smart devices of the test data and extended tHeat\m of the Wikipedia strategy.

We performed some tests with the additional setahs. For the first tests cases the Query
Augmentation Module was configured as proposedhmn pirevious Section. The strategy

Wikipedia and as alternative strategy the Yahoatesgy was defined. We expected only a
minimal variation of the result compared to therepgewith the predefined search terms and
so it was. About 90% of the services have beendoun

In a second turn of evaluation we performed théstey configuring single augmentation
strategies and did work without combinations orimflaShort after starting the tests for the
Wikipedia strategy, we realized that lots of quede return neither augmented keywords nor
types of services because there are no Wikipedielesr for the search terms. Table 6.3
displays some examples of additional search tefimg.signs after the term indicate weather
a Wikipedia article exits«() or not ().
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Predefined
Device Search Terms | Other Search Terms
Brain Surgery RFID v smart shelf cupboardv shelfv’
Smart cabinet
Connected product| RFID v/ smart shelf smart dressing room
shelf
Smart Traffic sensov’ vehicle traffic | traffic counterv’ traffic analyzerx
Counter Service controllerx
Turning Device conveyor bely” | dispatchev supply chain controllex star orientew
Water meter smart metet boiler v water measurement water metev’

Table 6.3 Search terms

A complete list of all the collected search tersiattached in appendix B Smart Devices.

Five neutral persons provided as 61 search terrs. dutcome is about 4 search terms
assigned to each one of the 16 smart devices. Wehad the Query Augmentation with 61
gueries and found out that only for 33 (54.1%)ha search terms a Wikipedia article exits.
The result is illustrated in Figure 6.3.

Wikipedia Articles

No
Wikipedia
Article Wikipedia
Exists Article
45.9% Exists
54.1%

Figure 6.3 Existence of Wikipedia Articles

For about 50% of the search terms used to find@swno Wikipedia article does exist. That
again means that the Query Augmentation fails imua®0% for all the strategies based on
Wikipedia.

This result raises the question if it still makease to use the Wikipedia strategies or if these
strategies should be removed from the Query Augatiemnt Module.

In spite of the bad result we still think that §venciple of the Wikipedia strategies is good.
For the following reason we would still recommendiusing on Wikipedia:

1. Wikipedia (the English version) is growing abouORQarticles per day [53]. With the
growth of Wikipedia the chance of finding articlies the search terms is increasing
too.
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2. We consider an improvement of the implementatiolghRnow the Wikipedia
strategies are checking if an article exits foearsh term or not. We could develop a
more enhanced processing, which is analyzing taeckdéerm more detailed. Assume
the search term “supply chain controller”. Insteddusing the query as one search
term, we could treat it as several search termspfly chain” and “controller”) and
we could launch the Query Augmentation with tworskeaterms. The Wikipedia
strategies would gain flexibility and the result thie Wikipedia strategy probably
would improve.

6.2.3 Yahoo Related Tags strategy

Yahoo! describes its My Web 2.0 Web Services: Rélatags as following: “The Related
Tags service lets you find tags that appear togeth&JRLs. For example, if a URL is tagged
with 'yahoo' and 'music’, a search for the tagdgakwvill return 'music' as a related tag.” [8]
After performing some test online, this Yahoo! Skaweb Service seemed to be a perfect
strategy for the Query Augmentation Module. A coet@lweb service offered by Yahoo! and
even the augmentation logic has been implementeddhoo!, so we integrated this web
service and called the strategy Yahoo Related Tags.

Unfortunately the evaluation of this strategy dmt neturn the expected success and we can
not recommend using the strategy Yahoo Related T@ggquery augmentation within the
SOCRADES Application Service Catalogue.

We performed the evaluation of the strategy witjuary of 10 enriched keywords in this case
also called 10 related tags of the search term.ditfenot add the initial search term to the
query and therefore tried to find the types of merwvith the related tags only. Table 6.4
shows the result, which is the worst result we @adr all the evaluation. Only 19% of the
types of services have been found.

o 5 | B _

s 8 s & . g
Search term r ¢ |2% 8 |8|5| = 512 | & &
Found 3 1 0 0 3 0 0 0 |7 19%
False Pos. 2 0 2 0 3 0 2 0 0 9 3%

Table 6.4 Yahoo Related Tags - Summary

Consequently we had a closer look at the relatgsl teturned from the Yahoo Web Service
and we realized that lots of tags apply to a cdrtteat does not make sense for SOCRADES.
Table 6.5 represents a sample of search termshaidelated tags.

Search

term temperature sensor access control vibration webcam

1. weather laptop security energy dating

2. conversion powermac | locksmith spiritual live

3. reference motion technology meditation web glesi
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4, celsius appel 24 hour yoga business directory

5. travel gebrauchte| emergency neurogenesis  a@gadio

6. science macbook alarm system karma secrets algarve free classifieds
7. tools macintosh cards erik valdman  world

8. online macbooks | credit oneness seo optimization

9. bed notebook alarm systems stress love

10. converter 2007 internet consciousnes{ directory algarve

Table 6.5 Yahoo Related Tags

For the strategy Yahoo Related Tags we arrivedha@tconclusion that this great idea of the
Yahoo! Web Services developers cannot be usedhioarSOCRADES middleware and it
should be removed from the Query Augmentation Medul

We are not pleased with the result of the YahoobV8ervice and we feel confirmed in our
approach of consuming web resources, analyzing thamn the Query Augmentation
Module and then composing the result set by oueselin contrast, the result of the Yahoo!
Related Tags has been used directly and withoeitriat processing.

6.3 Discussion

First we are again going back to the research gumssand answer them in brief.

Using Query Augmentation in the SOCRADES Applicatieervice Catalogue does improve
the success of the search requests. This fact bewerified throughout the whole evaluation
(see Figure 6.1 and Table 6.2).

The second research question, if strategies basddiman generated texts do lead to better
results cannot be answered here. It is very diffimumake a specific statement as the results
of all the strategies are very close to each otimer the set of test data is rather small. We
would therefore recommend reevaluating the diffestrategies with a much larger set of test
data. At the same time we should think about amagimns within the evaluation process:

» The implementation of the strategies also influsnite result. At the end of Subsection
6.2.2 Wikipedia strategy we recommended to imprihe Wikipedia strategies and this
will change the result too.

= Until now only the number of search terms and thgn@entation strategies has been
considered as variable for the evaluation. Thohghet exist other parameters to configure
for the individual strategies. E.g. the weightsltd extended Wikipedia strategies or the
number of web search results of Yahoo. Before weeadte to make a reliable statement
we have to optimize all the variables, i.e. confajion parameters, of the Query
Augmentation Module.

The same arguments have to be kept in mind wheneaimg) the last research question by
defining the optimal strategy or strategies. At pinesent state of the evaluation we assume a
chain of the strategies Wikipedia and Yahoo as ltlkest configuration for the Query
Augmentation Module. This may change if all conf@ggion parameters within the module
would be optimized.

In general we arrive at the conclusion that we dopftove the usefulness of Query
Augmentation and we found out that a lot of testesaare missing in the current evaluation.
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So we conclude that a much larger scale of expertisres well as optimization of parameters
has to be done and in certain cases first improne ilnplementation of the individual
strategies. Future work includes testing with moegalistic test data. We observed that
additional Wikipedia concepts did not help a la¢ thasic algorithm, more understanding is
required on how and when these additional featshesild be used. The next Section gives
some inputs that have to be considered for futwaduation of the Query Augmentation
Module too.

6.3.1 Future evaluation

The first and most important thing that has to bastdered is the configuration of the
augmentation strategies. More combinations of exgiat have to be tested, e.g. compare the
different Wikipedia strategies among each othertilUmw only the simple Wikipedia
strategy and the combination of all Wikipedia €gis has been evaluated. We could
imagine evaluating the following combinations anidafly we would find the best
configuration within the Wikipedia strategies dlge combination of the strategies Wikipedia
and Wikipedia Links, or the strategies Wikipedia &uikipedia Backlinks. In the worst case
we may be able to prove that the extended Wikipstl&egies do not lead to any benefit.

And we should consider optimizing the implementatid the current strategies according to
the current results and consequences before evajuhe Query Augmentation again.

As already mentioned until now we only thought abo configuration parameters but we
should optimize all the parameters available. Therovements concerning the strategies are
described in the Section above. But the numberegiMords has not been tested optimally
too. The following numbers have been concernethénevaluation: 1, 5, 10, 20, and 50. We
saw that the range from 1 to 10 has been the mostesting one in terms of the optimal
number. Without testing this range from 1 to 10 endetailed we decided that 5 keywords are
optimal for the enrichment. But maybe it is worth gerform more testing on 2, 3, 4, etc.
keywords.

Performance

In order to prove the assumption that chainingtegjias is better than combining strategies
we should add performance measurements to the atialu We assume that the chaining
takes less time as there are less web accessesdndd easiest way to prove that would be
a component that is registering the time eachegyaneeds in order to find its enriched
keyword list. Such a component could easily be dddehe Query Augmentation Ul.
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7.1 Outlook

A lot of smart devices that are offering informatiand services exist nowadays in the
industry. The challenge is to find them and to make of them. The challenge of managing
smart devices is not yet optimally solved. A pokes#plution to that is SOCRADES and its
Application Service Catalogue designed to find snukvices easily. Already the simple
implementation of the Query Augmentation includadthe Application Service Catalogue
seams to play an important role for the searcheofises. It has been shown that the Query
Augmentation Module is important for SOCRADES and are sure that it will be used,
improved and expanded in the future.

The current version of the Query Augmentation Medwlthin the SOCRADES middleware
meets all the requirements. The current versiorrsfl stable, basic solution with a very
flexible architecture. The open architecture of @uery Augmentation should encourage the
project team to add some more sophisticated querghenent strategies.

7.2 Final Thoughts about Query Augmentation

The main goal of this master thesis was the elgiooraf the Query Augmentation Module
that is part of the SOCRADES middleware developgd SAP. Several augmentation
strategies have been developed and used for amgnaur research questions. We were able
to demonstrate that Query Augmentation does inerées chance of success of the search of
services. Contrary to our assumptions we were btd 8 prove that strategies based on
human generated texts, such as our Wikipedia gitestelead to better results than others, e.g.
strategies based on common search engines suchalaso!YWeb Search. Amongst our
developed strategies we propose a chain of stemeghat is Wikipedia strategy and the
Yahoo! Web Search strategy as alternative onehasbést strategy configuration. These
results are based on our own evaluation which sedaon a small data sample. For a
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refinement of the result more experiments basedmame realistic test data have to be
performed.

During the elaboration of the Query Augmentation ddle we realized that the
implementation and elaboration of this module nolyacontains the development of the
concrete augmentation strategies, but also thdatectire of the component, the design the
Ul, and the integration into the SOCRADES projektiot of time has been spent with the
analysis of advanced enrichment strategies, su@pp®aches that are near to the semantic
web. But finally most of the time has been usedtlierelaboration of the flexible design, the
Ul and the integration into the SAP project envimamt. The implemented strategies are not
very elevated and we had to abstain from advancedlygenrichment strategies using the
semantic web. Nevertheless, we achieved our goalspaoved that Query Augmentation
does help the user finding web services on smaticee In addition we collected a lot of
ideas for the improvement of the current Query Aagtation Module.

7.3 Realisation of the master thesis

I would like to use this section to describe myspe@al experiences in connection with the
master thesis. Therefore this section is writteomfrthe author's point of view. The
elaboration of the thesis in conjunction with aternship at the SAP Research Center in
Zurich was a great opportunity for me to get anginisinto research on the one hand and to
participate in a real software development promttthe other hand. The SAP Research
Center gave me an overview about industrial rebeactivities and at the same time | got to
know the duties and responsibilities of Ph.D. shisleThis helped me for my own decision
making process whether | would follow the academay as a Ph.D. student or whether |
would change into the industry and start workingaasinformation scientist after the final
degree. Even though | got a good impression aldmutrésearch | finally decided to start
working for an internet agency and trying to apiblg knowledge established at the university
and at the SAP Research Center.

My internship, which was my master thesis at theeséime, was divided into four parts. In
the warm-up phase | got to know the SOCRADES ptpjee SAP Research Center and the
SAP development and product environment. SOCRADES wny first big software
development project with active participation. Irs@cond phase | was gathering technical
skills by going through SAP internal and externabal EE tutorials. | was already familiar
with the Java EE technologies from courses at usitye But in contrast to the knowledge
about engineering concepts | needed at univertsigypractices have been the important part
of Java EE for the master thesis. In addition tohg@ng Java EE experience a first
implementation of the Query Augmentation Moduleonegled to the second phase too. | got
the opportunity to do that implementation withinoae week boot camp of the whole
SOCRADES team. That was a good chance to benefit the expert knowledge of the
experienced team members. Once we had a runningy @Quegmentation we added a Ul,
evaluated Query Augmentation, and improved andected the strategies. That was the third,
longest, and most intensive part of my master ghdsie final phase was then the creation of
this report. The project schedule presented a doodament for the master thesis and two
third of the projected have passed as planed. Melevaluation especially the generation of
the test data and the writing of the report turaetito be more time consuming than planned.

For many reasons this master thesis was an inseuekperience for me. The help of the
team members, the SAP researchers in general andugervision from both parties, the
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University of Fribourg and the SAP Research Centems great. | appreciate that the
Department of Computer Science at the Universityrobourg supports master thesis in
collaboration with other research institutions #melindustry.
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Project schedule

Phase 0: Warmup: 05.05.08 — 16.05.08
« Reading the Specification and some related work.

» Installing and getting in touch with SAP Web Applions Server (SAP Web AS) and
Netweaver Developer Studio.

Phase 1: Technical Skills gathering and First Impieentation: 19.05.08 -30.07.08:

* Minimal implementation of the Query Augmentation date with at least one Query
Strategy.

Phase 2: Improvements, User Interface and Produatdgration: 30.07.08 — 01.11.08
* Improving the module.

 Creating a “User Interface” (topmost module on Fegw2) by integrating the
implementation to an SAP product (either SAP MIWPSBusiness By Design (ERP)
or Netweaver Dev Studio).

Phase 3: Documentation, Report and Literature Revie€)1.11.08-30.11.08

Writing a scientific report (a Master Thesis, ~68gps) including a review of the related
work.
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Device Details Search Term Other Search Terms
1 | MR RFID | http://www.tagsysrfid.com/systems/upload/ rfid rfid reader
Reader MedioP101_Eth_Datasheet.pdf
also check:
http://www.tagsysrfid.com/solutions/textile-senscefm
http://www.tagsysrfid.com/systems/hf-readers.cfimd(2eader)
2 | Smart http://www.tagsysrfid.com/systems/ rfid smart shelf | cupboard shelf
cabinet upload/TAGSYS-SC400-Datasheet-24Sep07.pdf
also check:
http://www.tagsysrfid.com/systems/
hf-application-stations.cfm (next to lowermost)
3 | Connected | http://www.checkpointeurope.com/app/?topsecti rfid smart shelf smart dressin
product onid=11004&topsection=productgroup&sectionid room
shelf =&section=&subsectionid=&subsection=
&bottomsectionid=&bottomsection=&locale=
eu&page=groupproduct&id=1762
4 | MyWeather| http://www.wetterdirekt.com/?key=produkte (1st prog temperature weather home weather
station station
5 | SunSPOT | http://www.sunspotworld.com/productsiolsdown) temperature sunspot smart sensor
sensor
vibration
6 | Smart http://www.sensourceinc.com/TC-MS30.htm sensor vehicle traffic counter | traffic analyser
Traffic traffic
Counter controller
Service
7 | Turning http://www.flexlink.com/resources/ conveyor belt dispatcher supply chain star orienter
Device controller

10000/pdf/10-14083.pdf
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Device Details Search Term Other Search Terms
8 | Time and | http://www.kaba.ch/en/Products-Solutions/ access control | access security door | roatating door
Attendance  Time-Attendance/9882_9882/time-attendance.html controller
System gate
9 | Personal | http://www.lynxmotion.com/ gripper grip claw
Mechanic | product.aspx?productiD=160&CategorylD=
Arm
10 | Smart http://www.lynxmotion.com/ gripper traffic flow controller | supply chain
Robotic | product.aspx?productiD=2&Category|D=2 controller controller
Arm
11 | MICA http://www.xbow.com/Products/ vibration sensor board
Product_pdf_files/Wireless_pdf/MICA.pdf
12 | Water http://www.smartmeter.co.uk/ smart meter boiler water
meter product.php?prod_id=1 measurement
13 | Energy http://www.mercateo.com/p/102-125320(2d)BP/ smart meter electricity
Ticker ENERGIEKOSTENMESSG_ENERGY_MONITOR_3000.htm| sensor
14 | WebCam | http://www.logitech.com/index.cfm/ webcam webcam face recogition
webcam_communications/webcams/devices/3480&cl=us,en
15 | Ubisense | http://www.ubisense.net/media/pdf location sensor | sensor
location | /Ubisense%207000%20Series%20Sensor.pdf
sensor http://www.ubisense.net/content/66.html
16 | People http://www.sensormatic.com/ location sensor | people crawd counter
gou'nting Products/SmartEAS/OverheadPeopleCounting.aspx counter
evice

http://www.sensormatic.com/
SensormaticGetDoc.aspx?FilelD=16989
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Questionnaire for User Study

SOCRADES - Device Simulation

User study of: Bettina Dober (bettina.dober@sap.com) supervised by Dominique Guinard
(dominique.guinard@sap.com)

Background Information: SOCRADES

On the one hand, enterprises manufacturing any kind of goods require agile production technology
to be able to fully accommodate their customers’ demand for flexibility. On the other hand, Smart
Objects, such as networked intelligent machines or tagged raw materials, exhibit ever increasing
capabilities, up to the point where they offer their smart behavior as web services. The two trends
towards higher flexibility and more capable objects will lead to a service-oriented infrastructure
where complex processes will span over all types of systems — from the backend enterprise system
down to the Smart Objects. To fully support this, the SOCRADES integration architecture can serve
the requirements of future manufacturing and industry. It provides generic components upon which
sophisticated production and monitoring processes can be modeled.

The EU SOCRADES project gathers 16 different European industrial and academic partners (Siemens,
Schneider Electric, ABB, ARM, Flexlink, etc.), and its primary objective is to develop a design,
execution and management platform for next-generation industrial automation systems, exploiting
the Service Oriented Architecture paradigm both at the device and at the application level. SAP’s role
in this project is to build a software infrastructure to integrate smart devices into high-level business
processes and applications, such as SAP Enterprise Resource Planning systems.

Project’s website: www.socrades.eu

Project’s demonstration video: http://www.youtube.com/watch?v=K80tFD6RLMM

SOCRADES Simulation

For setting up the SOCRADES simulation and demonstration environments, virtual smart devices
have to be described and created. As a participant to this user study you will provide highly valuable
help towards the generation of these smart devices.
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Introduction

The implementation of the software infrastructure of SOCRADES is almost finished and has to be
evaluated now. As there is no network of real smart devices available yet, we want to test the
implementation with virtual smart devices first. A simulation framework for smart devices already
exists. And we now need to create virtual smart devices that are offering web services.

We want to set up a database of smart devices described by people with different background
knowledge and people that do not know much about the implementation. With this approach the
quality of the data is ensured.

Sample Use Case
First a presumable use case of the SOCRADES integration architecture is described here.

One wants to wash clothes now. All washing machines are smart devices that are offering several
web services such as services to get the state or a list of washing programs of the washing machine.
Thus, one can use a SOCRADES application to search for web services of nearby washing machines.

The user, looking for the washing machine, only has to search for “washing machine” and he may
specify his context (e.g. current position of himself). The user is setting up his request in the SAP
Enterprise Resource Planning system running on top of the SOCRADES Smart Item Infrastructure. The
SOCRADES middleware is executing the request and returns the identified service instances of the
nearest washing machines. The services can then be used to get the state of a washing machine or to
find out if a desired washing program is offered.

Your task
You have to write the description of the Smart Shelf & Smart Rail
(http://www.checkpointeurope.com/app/?topsectionid=11004&topsection=productgroup&sectionid

=&section=&subsectionid=&subsection=&bottomsectionid=&bottomsection=&locale=eu&page=grou
pproduct&id=1762).

Please read the online resources carefully, as it will serve you as a basis for describing the services.

Assume that you are the manufacturer of this smart device and you know need to described the
services offered by this smart device. This description is then going to be shipped with the device and
used for discovering as well as searching for the services it offers.

The indicated web source will help you with general information about your smart device. It is
probable that the device on this page does not really offer web services, but it is a device which could
potentially offer such services. Thus, your task it to think about the services it could offer and to
describe them.

Attention: Your smart device does not refer to the example of the washing machine. Please imagine
your own use case.

Thank you for completing the following form:
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Device description

Manufacturer / Model Information

Description

Manufacturer

Checkpoint Systems

Manufacturer URL

http://www.checkpointeurope.com

Name of the model

Smart Shelf & Smart Rail

URL to a description of the model

http://www.checkpointeurope.com/app/?topsectionid=1
1004&topsection=productgroup&sectionid=&section=&s
ubsectionid=&subsection=&bottomsectionid=&bottomse
ction=&locale=eu&page=groupproduct&id=1762

Friendly name of the device
(e.g. Washing machine and tumbler)

Connected product shelf.

Brief description of the device

Shelf which provides remote access to electronic
information about inventory and other relevant data
about contained products or scheduled refills.

Services Information of Service 1

Description

Name of service 1
(e.g. Washing Machine service)

Friendly description of service 1

(e.g. A fully-featured washing machine
service that you can use to wash all your
clothes.)

Name of operation 1
(e.g. cycle(time, speed))

Friendly description of operation 1
(e.g. Represents a speed and wash time)

Name of operation 2
(e.g. cycle(time, speed))

Friendly description of operation 2
(e.g. Represents a speed and wash time)

Friendly description of operation 3
(e.g. Represents a speed and wash time)
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Name of operation 3
(e.g. cycle(time, speed))

Friendly description of operation 3
(e.g. Represents a speed and wash time)

Name of operation 4
(e.g. cycle(time, speed))

Friendly description of operation 4
(e.g. Represents a speed and wash time)

Name of operation 5
(e.g. cycle(time, speed))

Friendly description of operation 5
(e.g. Represents a speed and wash time)

Services Information of Service 2

Description

Name of service 2
(e.g. Washing Machine service)

Friendly description of service 2

(e.g. A fully-featured washing machine
service that you can use to wash all your
clothes.)

Name of operation 1
(e.g. cycle(time, speed))

Friendly description of operation 1
(e.g. Represents a speed and wash time)

Name of operation 2
(e.g. cycle(time, speed))

Friendly description of operation 2
(e.g. Represents a speed and wash time)

Name of operation 3
(e.g. cycle(time, speed))

Friendly description of operation 3
(e.g. Represents a speed and wash time)
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Name of operation 4
(e.g. cycle(time, speed))

Friendly description of operation 4
(e.g. Represents a speed and wash time)

Name of operation 5
(e.g. cycle(time, speed))

Friendly description of operation 5
(e.g. Represents a speed and wash time)
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<?xml version="1.0" encoding="UTF-8"?>

<wsdl:definitions name="SmartShelfAndSmartRail"
targetNamespace="http://www.checkpointeurope.com/C

ductShelf"
xmins:wsdI="http://schemas.xmlsoap.org/wsdl/"
xmins:xsd="http://www.w3.0rg/2001/XMLSchema"
xmins:soap="http://schemas.xmlsoap.org/wsdl/soap12
xmlns:wse="http://schemas.xmlsoap.org/ws/2004/08/e

xmins:tns="http://www.checkpointeurope.com/Connecte
ns,

<wsdl:documentation>Shelf which provides remote ac
electronic information about inventory and other re
about contained products or scheduled
refills.</wsdl:documentation>

<l--

TYPES
=

<wsdl:types>

<xsd:schema
targetNamespace="http://www.checkpointeurope.com/Co
tShelf"
xmins:tns="http://www.checkpointeurope.com/Connecte
">

</wsdl:types>

<l--
MESSAGES
-

<wsdl:message name="HasProductRequestMsg" >
<wsdl:part name="descriptionIn" type="x
</wsdl:message>
<wsdl:message hame="HasProductResponseMsg"
<wsdl:part name="availabilityOut" type=
/>
</wsdl:message>
<wsdl:message hame="HasBrandRequestMsg" >
<wsdl:part name="nameln" type="xsd:stri
</wsdl:message>
<wsdl:message name="HasBrandResponseMsg" >
<wsdl:part name="availabilityOut" type=
/>
</wsdl:message>
<wsdl:message hame="GetProductCountRequestM
<wsdl:part name="descriptionIn" type="x
</wsdl:message>
<wsdl:message hame="GetProductCountResponse
<wsdl:part name="countOut" type="xsd:in
</wsdl:message>
<wsdl:message name="GetShoplnformationMsg"
<wsdl:part name="infoOut" type="xsd:str
</wsdl:message>
<wsdl:message hame="GetNextAvailableDateReq
<wsdl:part name="productDescriptionIn"
type="xsd:string" />
</wsdl:message>
<wsdl:message hame="GetNextAvailableDateRes
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48 <wsdl:part name="refillDateOut" type="xs d:date" />

49 </wsdl:message>

50

51 <l--

52 PORT TYPES

53 -->

54 <wsdl:portType name="SmartShelfCustomerService"
wse:EventSource="true">

55 <wsdl:documentation>

56 Service provided to a customer by a connected Sma rt
Shelf which

57 lets you identify the location and availability
of products by

58 various criteria remotely.

59 </wsdl:documentation>

60 <wsdl:operation name="HasProduct">

61 <wsdl:documentation>

62 Indicates whether a product whose name or
description

63 contains the given string i s available
on this shelf and

64 includes product informatio n which
includes price, etc.

65 </wsdl:documentation>

66 <wsdl:input message="tns:HasProductRequestMsg" /

67 <wsdl:output
message="tns:HasProductResponseMsg" />

68 </wsdl:operation>

69 <wsdl:operation name="HasBrand">

70 <wsdl:documentation>

71 Indicates whether at least one product
of a given brand

72 name is available on this s helf and
includes product

73 information which includes price, etc.

74 </wsdl:documentation>

75 <wsdl:input message="tns:HasBrandRequestMsg" />

76 <wsdl:output
message="tns:HasBrandResponseMsg" />

77 </wsdl:operation>

78 <wsdl:operation name="GetProductCou nt">

79 <wsdl:documentation>

80 Returns the current count of products that match
the

81 given description.

82 </wsdl:documentation>

83 <wsdl:input
message="tns:GetProductCountRequestMsg" />

84 <wsdl:output
message="tns:GetProductCountResponseMsg" />

85 </wsdl:operation>

86 <wsdl:operation name="GetShopInform ation">

87 <wsdl:documentation>

88 Returns information about t he shop which
owns this shelf.

89 That is, information such a s the address
or general

90 information about available products.

91 </wsdl:documentation>
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92

93
94
95
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98
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111
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113
114
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120
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<wsdl:output message="tns:GetShoplnformationMsg"

/>
</wsdl:operation>
<wsdl:operation name="GetNextAvaila bleDate">
<wsdl:documentation>
Returns a date to indicate when the refill of a
given
(out-of-stock) product is t 0 be
expected.

</wsdl:documentation>
<wsdl:input
message="tns:GetNextAvailableDateRequestMsg" />
<wsdl:output
message="tns:GetNextAvailableDateResponseMsg" />
</wsdl:operation>
</wsdl:portType>

<I--
BINDINGS
=
<wsdl:binding name="SmartShelfCustomerService"
type="tns:SmartShelfCustomerService">
<soap:binding style="document"
transport="http://schemas.xmlsoap.org/soap/http"
/>
<wsdl:operation name="HasProduct">
<soap:operation soapAction=""
<wsdl:input>
<soap:body use="literal" />
</wsdl:input>
<wsdl:output>
<soap:body use="literal" />
</wsdl:output>
</wsdl:operation>
<wsdl:operation name="HasBrand">
<soap:operation soapAction=
<wsdl:input>
<soap:body use="literal" />
</wsdl:input>
<wsdl:output>
<soap:body use="literal" />
</wsdl:output>
</wsdl:operation>
<wsdl:operation name="GetProductCou nt">
<soap:operation soapAction="" style="document"/>
<wsdl:input>
<soap:body use="literal" />
</wsdl:input>
<wsdl:output>
<soap:body use="literal" />
</wsdl:output>
</wsdl:operation>
<wsdl:operation name="GetShopInform ation">
<soap:operation soapAction="" style="document"/>
<wsdl:output>
<soap:body use="literal" />
</wsdl:output>
</wsdl:operation>
<wsdl:operation name="GetNextAvaila bleDate">

style="document"/>

style="document"/>
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144 <soap:operation soapAction="" style="document"/>

145 <wsdl:input>

146 <soap:body use="literal" />

147 </wsdl:input>

148 <wsdl:output>

149 <soap:body use="literal" />

150 </wsdl:output>

151 </wsdl:operation>

152 </wsdl:binding>

153

154

155 <l--

156 Services (Not used by the toolkit)

157 -->

158 <wsdl:service
name="ConnectedProductShelf SmartShelfCustomerServi ce">

159 <wsdl:port name="SmartShelfCustomerService"
binding="tns:SmartShelfCustomerService" >

160 <soap:address
xmins:soap="http://schemas.xmlsoap.org/wsdl/soap/"

161
location="http://www.checkpointeurope.com/DPWS/samp les/Connected
ProductShelf/SmartShelfCustomerService"/>

162 </wsdl:port>

163 </wsdl:service>

164 </wsdl:definitions>
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Deployment with NWDS

PrecCONAitiONS. ..o sssssssss s ss s snsssas s snsnsss s e s sasassn s sasassnsssasansnssnss 79
NWDS WOTKSPACE ...ttt ee e e e e e e e e ettt s e e e e e e e e e e e eeeeeestesbnnnnnsssebnnnnnn s 79
SAP NetWeaver APPlICAtiON SEIVET ...........uieeemmri it ee e 80
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DePlOYMENT PIrOCESS .ccuvuiiirsmsaisisssissssssssssssssssssssssssssssssssss s s sssss s s s as s e ssas s ss s sss s e snsnsassassnnss 81
Add and REMOVE PrOJECES .......uuiiiiiiiiii e ee e ee et e s e e e e e e e e e e e e eee e ennneeeeneennnan 81
PUDIISN PrOJECES ... e e e e e e e e e e e e e e e e e e e e e e eeeaeaanne 82

The Query Augmentation Module and the Query Augemsmm Ul are part of the
SOCRADES Application Service Catalogue componehickvis implemented in a Java EE
application with the SAP NetWeaver Developer Stu(NwDS). In order to deploy the
application the according Java enterprise archagtb be transferred to a SAP NetWeaver
Application Server (SAP AS).

A SAP NetWeaver Composition Environment 7.1 SRSl Version that includes the SAP
NetWeaver Application Server (Java EE Edition) #mel SAP NetWeaver Developer Studio
(with Java EE support and based on Eclipse Eurnspajailable on [40]. Please note that the
current version of the NetWeaver Environment ispsupng the J2SE Runtime Environment
5.0 and not yet 6.0.

This Section contains all necessary informationdéploy and undeploy the Application
Service Catalogue. We assume that you are familitir the SAP software development
environment and that you have the required acdigistsr

Preconditions

All the following conditions must be fulfilled fathe deployment of the Application Service
Catalogue, thsll_application_service_catalog_EAR project.

NWDS workspace

Following projects have to be loaded from SOCRADES/N directory to the NWDS
workspace:
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= Sll_application_service_catalog_EAR
= Sll_application_service_catalog_ejb
= Sll_application_service_catalog_ui
=  Sll_commonDataDic
= SlI_CommonDataStructures
All of these projects are stored in the SVN diregtiotegrationArchitecture.

The workspace may contains additional projects.t Hogs not cause problems. The above
list just shows the minimal requirement of projects

SOCRADES subversion directory:

Source code projects can be downloaded from the RRMES SVN directory with the
according dialog.

1. Choose File > New > Other... > SVN > Checkout prgdmtm SVN then click Next.

2. Choose Use existing repository location and enter
https://forge.sap.corp/svn/socrades then click Next

3. Follow the dialog and remember that SOCRADES ptsjeze stored in the folder
IntegrationArchitecture.

[54] offers more information about SOCRADES and\&ibion.

SAP NetWeaver Application Server

The application server and the database servertbawm properly. In addition the following
SOCRADES projects have to be deployed on the agijit server.

=  Sll_service_impl_repository EAR
=  Sll_service_monitor EAR
= Sll_discovery EAR
Within the Deploy perspective of the NWDS you cantcol, which projects are deployed.

To open a perspective choose Window > Open Pergpect Other... and select
@ Deploy then click OK.

NWDS preferences
The application server, on which the Applicatiom&=e Catalogue wants to be deployed, has

to be configured in the NWDS.
Choose Window > Preferences > SAP AS Java andeedie SAP instance.
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Deployment process

If all the conditions of the previous Section aretjmthe Application Service Catalogue
project 6lI_application_service_catalog_EAR ) can be deployed.

Add and Remove Projects

This ‘Add and Remove Projects’ dialog is used far initial deployment of a project and for
the undeployment.

For the deployment you will need the view Servédfsyou are working in the Java EE

perspective = Jav2 EE ) of the NWDS this view among others is availabtetioe bottom of
the NWDS.

1. Go to the view Servers and right click on the seimnstance then select Add and Remove
Projects..., which opens the dialog illustrated ig. Hi.

2. Add the projectsil_application_service_catalog_EAR to Configured projects then
click Finish.

3. The deployment starts directly after clicking Fimi#t will take a while and as soon as the
process is finished a confirmation message pops up.

Add and Remove Projects — @

Add and Remove Projects :
Medify the projects that are configured on the server

Maovwve projects to the right to configure them on the server

Available projects: Configured projects:
i &y SI_CommonDataStructu [ SIapplication_service c
| AddAls> |
| << Remove All |
] T P ¢ m b
@ < Bar ext > [ Einish l | Cancel

Fig. 1 Add and Remove Projects (NWDS 7.1)
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The undeployment works similar to the deploymentdiypoving the project from Configured
projects. An alternative variant of the undeployinsroffered in the Deploy perspective.

Publish projects

A project that already has been deployed from yoonkspace is listed in the view Servers
and can be redeployed by right clicking the searat selecting Publish.

Publizh %

Clean...

7 Add and Remove Projects...
Manitoring 2

(20 Problems| = Open SAP Management Console er | it Servers i3
E] Refresh SAP Server

Server State

: Properties
4 23 SAP Serverzspgs
- (8 Sl_aepplication_service_catalog_EAR

Fig. 2 Publish project (NWDS 7.1)
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Common Acronyms

ABAP

API

AS

CEC
CRM
CSS
DPWS
EJB
ERP
GUI

IDE
IEEE
Java EE
Java SE
JPA
JSF
JSON
JSP
MES
MVC
NWDS

Advanced Business Application Programming
originally Allgemeiner Berichts-Aufberetungs-Proges
= general report creation processor

Application Programming Interface
Application Server

Campus-based Engineering Center
Customer Relationship Management
Cascading Style Sheet

Device Profile for Web Services
Enterprise JavaBeans

Enterprise Resource Planning
Graphical User Interface

Integrated development environment
Institute of Electrical and Electronics Engne
Java Enterprise Edition

Java Standard Edition

Java Persistence API

JavaServer Faces

JavaScript Object Notation
JavaServer Pages

Manufacturing Execution Software
Model, View and Controller

SAP NetWeaver Developer Studio
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OLE
OPC-UA
PLM
POJO
REST
RFID
SAP (DE)

SAP (EN)

SCM

SKOS

SOA
SOCRADES

SRM
SVN

ul

URI
W3C
WS(AN
WSDL

Object Linking an Embedding

OLE for Process Control — United Architeetur
Product Lifecycle Management

Plain Old Java Object

Representational State Transfer

Radio Frequency Identification

Systemanalyse und  Programmentwickling edyet
Anwendungen und Produkte in der Datenverarbeitung

System Analysis and Program Developmenstedys,
Applications and Products in Data Processing

Supply Chain Management
Simple Knowledge Organization System
Service Oriented Architecture

Service Oriented Cross-layer infrastrctior Distributed
smart Embedded devices

Supplier Relationship Management
Subversion (software)

User Interface

Uniform Resource Identifier

World Wide Web Consortium
Wireless Sensor (and Actor) Networks

Web Service Description Language
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G CD-ROM

D-ROM

CD-ROM content:
Master thesis report

User study

0]
0]
o
0]
0]

Summary of smart devices
Questionnaires (empty)
Questionnaires (returned)
WSDL files

Results

Presentation

o
o
o

Project presentation
SOCRADES movie (short version)
2 demonstration use cases (PDF and wink [55] files)

Javadoc of the Query Augmentation Module

Selection of referenced papers
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